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Copyrights and Trademarks
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America Corporation furnished for customer use only. No other uses are
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The descriptions and specifications contained in this manual were in effect at the
time this manual was approved for printing. FANUC Robotics America
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FANUC Robotics manuals present descriptions, specifications, drawings,
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A WARNING

This equipment generates, uses, and can radiate
radiofrequency energy and if not installed and used in
accordance with the instruction manual, may cause
interference to radio communications. As temporarily
permitted by regulation, it has not been tested for
compliance with the limits for Class A computing devices
pursuant to subpart J of Part 15 of FCC Rules, which are
designed to provide reasonable protection against such
interference. Operation of the equipment in a residential
area is likely to cause interference, in which case the user,
at his own expense, will be required to take whatever
measure may be required to correct the interference.
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Conventions

AWARNING

Information appearing under the "WARNING" caption concerns the protection of
personnel. Itis boxed and bolded to set it apart from the surrounding text.

ACAUTION

Information appearing under the "CAUTION" caption concerns the protection of
equipment, software, and data. It is boxed and bolded to set it apart from the
surrounding text.

Note Information appearing next to NOTE concerns related information or useful hints.






e Original Instructions

Before using the Robot, be sure to read the "FANUC Robot Safety Manual (B-80687EN)" and
understand the content.

¢ No part of this manual may be reproduced in any form.
e All specifications and designs are subject to change without notice.

The products in this manual are controlled based on Japan’s “Foreign Exchange and
Foreign Trade Law”. The export from Japan may be subject to an export license by the
government of Japan.

Further, re-export to another country may be subject to the license of the government of
the country from where the product is re-exported. Furthermore, the product may also be
controlled by re-export regulations of the United States government.

Should you wish to export or re-export these products, please contact FANUC for advice.

In this manual we have tried as much as possible to describe all the various matters.
However, we cannot describe all the matters which must not be done, or which cannot be
done, because there are so many possibilities.

Therefore, matters which are not especially described as possible in this manual should be
regarded as "impossible”.
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Safety

FANUC Robotics is not and does not represent itself as an expert in safety systems,
safety equipment, or the specific safety aspects of your company and/or its work force. It
is the responsibility of the owner, employer, or user to take all necessary steps to
guarantee the safety of all personnel in the workplace.

The appropriate level of safety for your application and installation can be best
determined by safety system professionals. FANUC Raobotics therefore, recommends
that each customer consult with such professionals in order to provide a workplace that
allows for the safe application, use, and operation of FANUC Robotics systems.

According to the industry standard ANSI/RIA R15-06, the owner or user is advised to
consult the standards to ensure compliance with its requests for Robotics System design,
usability, operation, maintenance, and service. Additionally, as the owner, employer, or
user of a robotic system, it is your responsibility to arrange for the training of the operator
of a robot system to recognize and respond to known hazards associated with your
robotic system and to be aware of the recommended operating procedures for your
particular application and robot installation.

Ensure that the robot being used is appropriate for the application. Robots used in
classified (hazardous) locations must be certified for this use.

FANUC Robotics therefore, recommends that all personnel who intend to operate,
program, repair, or otherwise use the robotics system be trained in an approved FANUC
Robotics training course and become familiar with the proper operation of the system.
Persons responsible for programming the system—including the design, implementation,
and debugging of application programs—must be familiar with the recommended
programming procedures for your application and robot installation.

The following guidelines are provided to emphasize the importance of safety in the
workplace.

CONSIDERING SAFETY FOR YOUR ROBOT INSTALLATION

Safety is essential whenever robots are used. Keep in mind the following factors with
regard to safety:

. The safety of people and equipment

° Use of safety enhancing devices

. Techniques for safe teaching and manual operation of the robot(s)
° Techniques for safe automatic operation of the robot(s)

. Regular scheduled inspection of the robot and workecell

. Proper maintenance of the robot



Safety

Keeping People Safe

The safety of people is always of primary importance in any situation. When applying
safety measures to your robotic system, consider the following:

External devices
Raobot(s)
Tooling
Workpiece

Using Safety Enhancing Devices

Always give appropriate attention to the work area that surrounds the robot. The safety
of the work area can be enhanced by the installation of some or all of the following
devices:

Safety fences, barriers, or chains
Light curtains

Interlocks

Pressure mats

Floor markings

Warning lights

Mechanical stops
EMERGENCY STOP buttons
DEADMAN switches

Setting Up a Safe Workcell

A safe workcell is essential to protect people and equipment. Observe the following
guidelines to ensure that the workcell is set up safely. These suggestions are intended to
supplement and not replace existing federal, state, and local laws, regulations, and
guidelines that pertain to safety.

Sponsor your personnel for training in approved FANUC Robotics training course(s)
related to your application. Never permit untrained personnel to operate the robots.

Install a lockout device that uses an access code to prevent unauthorized persons
from operating the robot.

Use anti-tie—down logic to prevent the operator from bypassing safety measures.

Arrange the workcell so the operator faces the workcell and can see what is going on
inside the cell.

Clearly identify the work envelope of each robot in the system with floor markings,
signs, and special barriers. The work envelope is the area defined by the maximum
motion range of the robot, including any tooling attached to the wrist flange that
extend this range.

Position all controllers outside the robot work envelope.



Safety

Never rely on software or firmware based controllers as the primary safety element
unless they comply with applicable current robot safety standards.

Mount an adequate number of EMERGENCY STOP buttons or switches within easy
reach of the operator and at critical points inside and around the outside of the
workcell.

Install flashing lights and/or audible warning devices that activate whenever the robot
is operating, that is, whenever power is applied to the servo drive system. Audible
warning devices shall exceed the ambient noise level at the end—use application.

Wherever possible, install safety fences to protect against unauthorized entry by
personnel into the work envelope.

Install special guarding that prevents the operator from reaching into restricted areas
of the work envelope.

Use interlocks.

Use presence or proximity sensing devices such as light curtains, mats, and
capacitance and vision systems to enhance safety.

Periodically check the safety joints or safety clutches that can be optionally installed
between the robot wrist flange and tooling. If the tooling strikes an object, these
devices dislodge, remove power from the system, and help to minimize damage to
the tooling and robot.

Make sure all external devices are properly filtered, grounded, shielded, and
suppressed to prevent hazardous motion due to the effects of electro—magnetic
interference (EMI), radio frequency interference (RFI), and electro—static discharge
(ESD).

Make provisions for power lockout/tagout at the controller.

Eliminate pinch points. Pinch points are areas where personnel could get trapped
between a moving robot and other equipment.

Provide enough room inside the workcell to permit personnel to teach the robot and
perform maintenance safely.

Program the robot to load and unload material safely.

If high voltage electrostatics are present, be sure to provide appropriate interlocks,
warning, and beacons.

If materials are being applied at dangerously high pressure, provide electrical
interlocks for lockout of material flow and pressure.

Staying Safe While Teaching or Manually Operating the Robot

Advise all personnel who must teach the robot or otherwise manually operate the robot to
observe the following rules:

Never wear watches, rings, neckties, scarves, or loose clothing that could get caught
in moving machinery.

Know whether or not you are using an intrinsically safe teach pendant if you are
working in a hazardous environment.



Safety

e Before teaching, visually inspect the robot and work envelope to make sure that no
potentially hazardous conditions exist. The work envelope is the area defined by the
maximum motion range of the robot. These include tooling attached to the wrist
flange that extends this range.

e The area near the robot must be clean and free of oil, water, or debris. Immediately
report unsafe working conditions to the supervisor or safety department.

¢ FANUC Robotics recommends that no one enter the work envelope of a robot that is
on, except for robot teaching operations. However, if you must enter the work
envelope, be sure all safeguards are in place, check the teach pendant DEADMAN
switch for proper operation, and place the robot in teach mode. Take the teach
pendant with you, turn it on, and be prepared to release the DEADMAN switch.
Only the person with the teach pendant should be in the work envelope.

AWARNING

Never bypass, strap, or otherwise deactivate a safety device, such as a limit switch,
for any operational convenience. Deactivating a safety device is known to have
resulted in serious injury and death.

¢ Know the path that can be used to escape from a moving robot; make sure the escape
path is never blocked.

o Isolate the robot from all remote control signals that can cause motion while data is
being taught.

e Test any program being run for the first time in the following manner:

AWARNING

Stay outside the robot work envelope whenever a program is being run. Failure to do
so can result in injury.

- Using a low motion speed, single step the program for at least one full cycle.

- Using a low motion speed, test run the program continuously for at least one
full cycle.

- Using the programmed speed, test run the program continuously for at least
one full cycle.

o Make sure all personnel are outside the work envelope before running production.
Staying Safe During Automatic Operation

Advise all personnel who operate the robot during production to observe the following
rules:

o Make sure all safety provisions are present and active.
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Know the entire workcell area. The workcell includes the robot and its work
envelope, plus the area occupied by all external devices and other equipment with
which the robot interacts.

Understand the complete task the robot is programmed to perform before initiating
automatic operation.

Make sure all personnel are outside the work envelope before operating the robot.

Never enter or allow others to enter the work envelope during automatic operation of
the robot.

Know the location and status of all switches, sensors, and control signals that could
cause the robot to move.

Know where the EMERGENCY STOP buttons are located on both the robot control
and external control devices. Be prepared to press these buttons in an emergency.

Never assume that a program is complete if the robot is not moving. The robot could
be waiting for an input signal that will permit it to continue its activity.

If the robot is running in a pattern, do not assume it will continue to run in the same
pattern.

Never try to stop the robot, or break its motion, with your body. The only way to
stop robot motion immediately is to press an EMERGENCY STOP button located on
the controller panel, teach pendant, or emergency stop stations around the workcell.

Staying Safe During Inspection

When inspecting the robot, be sure to

Turn off power at the controller.

Lock out and tag out the power source at the controller according to the policies of
your plant.

Turn off the compressed air source and relieve the air pressure.

If robot motion is not needed for inspecting the electrical circuits, press the
EMERGENCY STOP button on the operator panel.

Never wear watches, rings, neckties, scarves, or loose clothing that could get caught
in moving machinery.

If power is needed to check the robot motion or electrical circuits, be prepared to
press the EMERGENCY STOP button, in an emergency.

Be aware that when you remove a servomotor or brake, the associated robot arm will
fall if it is not supported or resting on a hard stop. Support the arm on a solid support
before you release the brake.

Staying Safe During Maintenance

When performing maintenance on your robot system, observe the following rules:

Never enter the work envelope while the robot or a program is in operation.

Before entering the work envelope, visually inspect the workcell to make sure no
potentially hazardous conditions exist.
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Never wear watches, rings, neckties, scarves, or loose clothing that could get caught
in moving machinery.

Consider all or any overlapping work envelopes of adjoining robots when standing in
a work envelope.

Test the teach pendant for proper operation before entering the work envelope.

If it is necessary for you to enter the robot work envelope while power is turned on,
you must be sure that you are in control of the robot. Be sure to take the teach
pendant with you, press the DEADMAN switch, and turn the teach pendant on. Be
prepared to release the DEADMAN switch to turn off servo power to the robot
immediately.

Whenever possible, perform maintenance with the power turned off. Before you
open the controller front panel or enter the work envelope, turn off and lock out the
3—phase power source at the controller.

Be aware that when you remove a servomotor or brake, the associated robot arm will
fall if it is not supported or resting on a hard stop. Support the arm on a solid support
before you release the brake.

AWARNING

Lethal voltage is present in the controller WHENEVER IT IS CONNECTED to a
power source. Be extremely careful to avoid electrical shock. HIGH VOLTAGE IS
PRESENT at the input side whenever the controller is connected to a power
source. Turning the disconnect or circuit breaker to the OFF position removes
power from the output side of the device only.

Release or block all stored energy. Before working on the pneumatic system, shut
off the system air supply and purge the air lines.

Isolate the robot from all remote control signals. If maintenance must be done when
the power is on, make sure the person inside the work envelope has sole control of
the robot. The teach pendant must be held by this person.

Make sure personnel cannot get trapped between the moving robot and other
equipment. Know the path that can be used to escape from a moving robot. Make
sure the escape route is never blocked.

Use blocks, mechanical stops, and pins to prevent hazardous movement by the robot.
Make sure that such devices do not create pinch points that could trap personnel.

AWARNING

Do not try to remove any mechanical component from the robot before thoroughly
reading and understanding the procedures in the appropriate manual. Doing so can
result in serious personal injury and component destruction.

Vi




Safety

Be aware that when you remove a servomotor or brake, the associated robot arm will
fall if it is not supported or resting on a hard stop. Support the arm on a solid support
before you release the brake.

When replacing or installing components, make sure dirt and debris do not enter the
system.

Use only specified parts for replacement. To avoid fires and damage to parts in the
controller, never use nonspecified fuses.

Before restarting a robot, make sure no one is inside the work envelope; be sure that
the robot and all external devices are operating normally.

KEEPING MACHINE TOOLS AND EXTERNAL DEVICES SAFE

Certain programming and mechanical measures are useful in keeping the machine tools
and other external devices safe. Some of these measures are outlined below. Make sure
you know all associated measures for safe use of such devices.

Programming Safety Precautions

Implement the following programming safety measures to prevent damage to machine

tools and other external devices.
Back—check limit switches in the workcell to make sure they do not fail.

Implement ““failure routines” in programs that will provide appropriate robot actions
if an external device or another robot in the workcell fails.

Use handshaking protocol to synchronize robot and external device operations.

Program the robot to check the condition of all external devices during an operating
cycle.

Mechanical Safety Precautions

Implement the following mechanical safety measures to prevent damage to machine tools
and other external devices.

Make sure the workcell is clean and free of oil, water, and debris.

Use software limits, limit switches, and mechanical hardstops to prevent undesired
movement of the robot into the work area of machine tools and external devices.

Vii
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KEEPING THE ROBOT SAFE

Observe the following operating and programming guidelines to prevent damage to the

robot.

Operating Safety Precautions

The following measures are designed to prevent damage to the robot during operation.

Use a low override speed to increase your control over the robot when jogging the
robot.

Visualize the movement the robot will make before you press the jog keys on the
teach pendant.

Make sure the work envelope is clean and free of oil, water, or debris.
Use circuit breakers to guard against electrical overload.

Programming Safety Precautions

The following safety measures are designed to prevent damage to the robot during

programming:

Establish interference zones to prevent collisions when two or more robots share a
work area.

Make sure that the program ends with the robot near or at the home position.

Be aware of signals or other operations that could trigger operation of tooling
resulting in personal injury or equipment damage.

In dispensing applications, be aware of all safety guidelines with respect to the
dispensing materials.

NOTE: Any deviation from the methods and safety practices described in this manual

must conform to the approved standards of your company. If you have questions, see
your supervisor.

ADDITIONAL SAFETY CONSIDERATIONS FOR PAINT ROBOT
INSTALLATIONS

viii

Process technicians are sometimes required to enter the paint booth, for example, during
daily or routine calibration or while teaching new paths to a robot. Maintenance
personnel also must work inside the paint booth periodically.

Whenever personnel are working inside the paint booth, ventilation equipment must be

used. Instruction on the proper use of ventilating equipment usually is provided by the
paint shop supervisor.



Safety

Although paint booth hazards have been minimized, potential dangers still exist.
Therefore, today’s highly automated paint booth requires that process and maintenance
personnel have full awareness of the system and its capabilities. They must understand
the interaction that occurs between the vehicle moving along the conveyor and the
robot(s), hood/deck and door opening devices, and high—voltage electrostatic tools.

A CAUTION

Ensure that all ground cables remain connected. Never operate the paint robot with
ground provisions disconnected. Otherwise, you could injure personnel or damage

equipment.

Paint robots are operated in three modes:

e Teach or manual mode

e Automatic mode, including automatic and exercise operation
e Diagnostic mode

During both teach and automatic modes, the robots in the paint booth will follow a
predetermined pattern of movements. In teach mode, the process technician teaches
(programs) paint paths using the teach pendant.

In automatic mode, robot operation is initiated at the System Operator Console (SOC) or
Manual Control Panel (MCP), if available, and can be monitored from outside the paint
booth. All personnel must remain outside of the booth or in a designated safe area within
the booth whenever automatic mode is initiated at the SOC or MCP.

In automatic mode, the robots will execute the path movements they were taught during
teach mode, but generally at production speeds.

When process and maintenance personnel run diagnostic routines that require them to
remain in the paint booth, they must stay in a designated safe area.

Paint System Safety Features

Process technicians and maintenance personnel must become totally familiar with the
equipment and its capabilities. To minimize the risk of injury when working near robots
and related equipment, personnel must comply strictly with the procedures in the
manuals.

This section provides information about the safety features that are included in the paint
system and also explains the way the robot interacts with other equipment in the system.

The paint system includes the following safety features:

e Most paint booths have red warning beacons that illuminate when the robots are
armed and ready to paint. Your booth might have other kinds of indicators. Learn
what these are.
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Some paint booths have a blue beacon that, when illuminated, indicates that the
electrostatic devices are enabled. Your booth might have other kinds of indicators.
Learn what these are.

EMERGENCY STOP buttons are located on the robot controller and teach pendant.
Become familiar with the locations of all E-STOP buttons.

An intrinsically safe teach pendant is used when teaching in hazardous paint
atmospheres.

A DEADMAN switch is located on each teach pendant. When this switch is held in,
and the teach pendant is on, power is applied to the robot servo system. If the
engaged DEADMAN switch is released or pressed harder during robot operation,
power is removed from the servo system, all axis brakes are applied, and the robot
comes to an EMERGENCY STOP. Safety interlocks within the system might also
E-STOP other robots.

AWARNING

robot.

An EMERGENCY STOP will occur if the DEADMAN switch is released on a bypassed

Overtravel by robot axes is prevented by software limits. All of the major and minor
axes are governed by software limits. Limit switches and hardstops also limit travel
by the major axes.

EMERGENCY STOP limit switches and photoelectric eyes might be part of your
system. Limit switches, located on the entrance/exit doors of each booth, will
EMERGENCY STOP all equipment in the booth if a door is opened while the system
is operating in automatic or manual mode. For some systems, signals to these
switches are inactive when the switch on the SOC is in teach mode.

When present, photoelectric eyes are sometimes used to monitor unauthorized
intrusion through the entrance/exit silhouette openings.

System status is monitored by computer. Severe conditions result in automatic
system shutdown.

Staying Safe While Operating the Paint Robot

When you work in or near the paint booth, observe the following rules, in addition to all
rules for safe operation that apply to all robot systems.

AWARNING

Observe all safety rules and guidelines to avoid injury.
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AWARNING

Never bypass, strap, or otherwise deactivate a safety device, such as a limit switch,
for any operational convenience. Deactivating a safety device is known to have
resulted in serious injury and death.

A WARNING

Enclosures shall not be opened unless the area is known to be nonhazardous or
all power has been removed from devices within the enclosure. Power shall not be
restored after the enclosure has been opened until all combustible dusts have
been removed from the interior of the enclosure and the enclosure purged. Refer
to the Purge chapter for the required purge time.

Know the work area of the entire paint station (workcell).

Know the work envelope of the robot and hood/deck and door opening devices.

Be aware of overlapping work envelopes of adjacent robots.

Know where all red, mushroom-shaped EMERGENCY STOP buttons are located.

Know the location and status of all switches, sensors, and/or control signals that
might cause the robot, conveyor, and opening devices to move.

Make sure that the work area near the robot is clean and free of water, oil, and debris.
Report unsafe conditions to your supervisor.

Become familiar with the complete task the robot will perform BEFORE starting
automatic mode.

Make sure all personnel are outside the paint booth before you turn on power to the
robot servo system.

Never enter the work envelope or paint booth before you turn off power to the robot
servo system.

Never enter the work envelope during automatic operation unless a safe area has been
designated.

Never wear watches, rings, neckties, scarves, or loose clothing that could get caught
in moving machinery.

Remove all metallic objects, such as rings, watches, and belts, before entering a
booth when the electrostatic devices are enabled.

Stay out of areas where you might get trapped between a moving robot, conveyor, or
opening device and another object.

Be aware of signals and/or operations that could result in the triggering of guns or
bells.

Be aware of all safety precautions when dispensing of paint is required.
Follow the procedures described in this manual.

Xi
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Special Precautions for Combustible Dusts (Powder Paint)

When the robot is used in a location where combustible dusts are found, such as the
application of powder paint, the following special precautions are required to insure that
there are no combustible dusts inside the robot.

Purge maintenance air should be maintained at all times, even when the robot power
is off. This will insure that dust can not enter the robot.

A purge cycle will not remove accumulated dusts. Therefore, if the robot is exposed
to dust when maintenance air is not present, it will be necessary to remove the covers
and clean out any accumulated dust. Do not energize the robot until you have
performed the following steps.

Before covers are removed, the exterior of the robot should be cleaned to remove
accumulated dust.

When cleaning and removing accumulated dust, either on the outside or inside of the
robot, be sure to use methods appropriate for the type of dust that exists. Usually lint
free rags dampened with water are acceptable. Do not use a vacuum cleaner to
remove dust as it can generate static electricity and cause an explosion unless special
precautions are taken.

Thoroughly clean the interior of the robot with a lint free rag to remove any
accumulated dust.

When the dust has been removed, the covers must be replaced immediately.

Immediately after the covers are replaced, run a complete purge cycle. The robot can
now be energized.

Staying Safe While Operating Paint Application Equipment

When you work with paint application equipment, observe the following rules, in
addition to all rules for safe operation that apply to all robot systems.

A WARNING

When working with electrostatic paint equipment, follow all national and local codes
as well as all safety guidelines within your organization. Also reference the
following standards: NFPA 33 Standards for Spray Application Using Flammable or
Combustible Materials, and NFPA 70 National Electrical Code.

Xii

Grounding: All electrically conductive objects in the spray area must be grounded.
This includes the spray booth, robots, conveyors, workstations, part carriers, hooks,
paint pressure pots, as well as solvent containers. Grounding is defined as the object
or objects shall be electrically connected to ground with a resistance of not more than
1 megohms.

High Voltage: High voltage should only be on during actual spray operations.
Voltage should be off when the painting process is completed. Never leave high
voltage on during a cap cleaning process.

Avoid any accumulation of combustible vapors or coating matter.
Follow all manufacturer recommended cleaning procedures.
Make sure all interlocks are operational.
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No smoking.

Post all warning signs regarding the electrostatic equipment and operation of
electrostatic equipment according to NFPA 33 Standard for Spray Application Using
Flammable or Combustible Material.

Disable all air and paint pressure to bell.
Verify that the lines are not under pressure.

Staying Safe During Maintenance

When you perform maintenance on the painter system, observe the following rules, and
all other maintenance safety rules that apply to all robot installations. Only qualified,
trained service or maintenance personnel should perform repair work on a robot.

Paint robots operate in a potentially explosive environment. Use caution when
working with electric tools.

When a maintenance technician is repairing or adjusting a robot, the work area is
under the control of that technician. All personnel not participating in the
maintenance must stay out of the area.

For some maintenance procedures, station a second person at the control panel within
reach of the EMERGENCY STOP button. This person must understand the robot
and associated potential hazards.

Be sure all covers and inspection plates are in good repair and in place.
Always return the robot to the ‘*home’” position before you disarm it.
Never use machine power to aid in removing any component from the robot.

During robot operations, be aware of the robot’s movements. Excess vibration,
unusual sounds, and so forth, can alert you to potential problems.

Whenever possible, turn off the main electrical disconnect before you clean the robot.
When using vinyl resin observe the following:
- Wear eye protection and protective gloves during application and removal.

- Adequate ventilation is required. Overexposure could cause drowsiness or
skin and eye irritation.

- If there is contact with the skin, wash with water.
- Follow the Original Equipment Manufacturer’s Material Safety Data Sheets.
When using paint remover observe the following:

- Eye protection, protective rubber gloves, boots, and apron are required
during booth cleaning.

- Adequate ventilation is required. Overexposure could cause drowsiness.

- If there is contact with the skin or eyes, rinse with water for at least 15
minutes. Then seek medical attention as soon as possible.

- Follow the Original Equipment Manufacturer’s Material Safety Data Sheets.

Xiii






B-82774EN/04 SAFETY PRECAUTIONS

SAFETY PRECAUTIONS

For the safety of the operator and the system, follow all safety precautions when operating a robot and its
peripheral devices installed in a work cell.
In addition, refer to the “FANUC Robot SAFETY HANDBOOK (B-80687EN)”.

1 WORKING PERSON

The personnel can be classified as follows.

Operator:
e Turns robot controller power ON/OFF
e Starts robot program from operator’s panel

Programmer or teaching operator:
e Operates the robot
e Teaches robot inside the safety fence

Maintenance engineer:

e Operates the robot

e Teaches robot inside the safety fence

e Maintenance (adjustment, replacement)

- An operator cannot work inside the safety fence.

- A programmer, teaching operator, and maintenance engineer can work inside the safety fence. The
working activities inside the safety fence include lifting, setting, teaching, adjusting, maintenance,
etc..

- Towork inside the fence, the person must be trained on proper robot operation.

During the operation, programming, and maintenance of your robotic system, the programmer, teaching
operator, and maintenance engineer should take additional care of their safety by using the following
safety precautions.

- Use adequate clothing or uniforms during system operation
- Wear safety shoes
- Use helmet

2 WORKING PERSON SAFETY

Working person safety is the primary safety consideration. Because it is very dangerous to enter the
operating space of the robot during automatic operation, adequate safety precautions must be observed.
The following lists the general safety precautions. Careful consideration must be made to ensure
working person safety.

(1) Have the robot system working persons attend the training courses held by FANUC.

| FANUC provides various training courses. Contact our sales office for details.
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(2) Even when the robot is stationary, it is possible that the robot is still in a ready to move state, and is
waiting for a signal. In this state, the robot is regarded as still in motion. To ensure working
person safety, provide the system with an alarm to indicate visually or aurally that the robot is in
motion.

(3) Install a safety fence with a gate so that no working person can enter the work area without passing
through the gate. Install an interlocking device, a safety plug, and so forth in the safety gate so that
the robot is stopped as the safety gate is opened.

The controller is designed to receive this interlocking signal of the door switch. When the gate
is opened and this signal received, the controller stops the robot (Please refer to "STOP
TYPE OF ROBOT" in SAFETY for detail of stop type). For connection, see Fig.2 (a) and
Fig.2 (b).

(4) Provide the peripheral devices with appropriate grounding (Class A, Class B, Class C, and Class D).

(5) Try toinstall the peripheral devices outside the work area.

(6) Draw an outline on the floor, clearly indicating the range of the robot motion, including the tools
such as a hand.

(7) Install a mat switch or photoelectric switch on the floor with an interlock to a visual or aural alarm
that stops the robot when a working person enters the work area.

(8) If necessary, install a safety lock so that no one except the working person in charge can turn on the
power of the robot.

The circuit breaker installed in the controller is designed to disable anyone from turning it on
when it is locked with a padlock.

(9) When adjusting each peripheral device independently, be sure to turn off the power of the robot

RP1
Pulsecoder
RI/RO,XHBK,XROT 23
RM1
Motor power/brake 4
9

o EARTH

L

Interlocking device and safety plug that are activated if the
gate is opened.

Safety fence

Fig. 2 (a) Safety Fence and Safety gate
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Dual chain e -
Panel board ‘ (Note) ‘
EAST | In case of R-30iA ‘
! Terminals EAS1,EAS11,EAS2,EAS21 or FENCE1,FENCE2
EAS11 ‘ are provided on the operation box or on the terminal block ‘
© of the printed circuit board. !
EAS2 | |
| In case of R-30iA Mate ‘
EAS21 | Terminals EAS1,EAS11,EAS2,EAS21 are provided !
‘ on the emergency stop board or connector panel. ‘
‘ (in case of Open air type) ‘
‘ Termianls FENCE1,FENCE2 are provided ‘
Single chain I on the emergency stop board. ‘
Panel board ‘ . . ‘
LRefer to controller maintenance manual for details. B

FENCE1 S

FENCE2

Fig. 2 (b) Limit switch circuit diagram of the safety fence

2.1 OPERATOR SAFETY

The operator is a person who operates the robot system. In this sense, a worker who operates the teach
pendant is also an operator. However, this section does not apply to teach pendant operators.

(1) If you do not have to operate the robot, turn off the power of the robot controller or press the
EMERGENCY STOP button, and then proceed with necessary work.

(2) Operate the robot system at a location outside of the safety fence

(3) Install a safety fence with a safety gate to prevent any worker other than the operator from entering
the work area unexpectedly and to prevent the worker from entering a dangerous area.

(4) Install an EMERGENCY STOP button within the operator’s reach.

The robot controller is designed to be connected to an external EMERGENCY STOP button.
With this connection, the controller stops the robot operation (Please refer to "STOP TYPE
OF ROBOT" in SAFETY for detail of stop type), when the external EMERGENCY STOP
button is pressed. See the diagram below for connection.

Dual chain
External stop button
Panel board
EES1 . T |
‘ i (Note) !
| EES11 Connect EES1and EES11,EES2 and EES21or EMGIN1and EMGIN2.
|
i EES2 In case of R—-30iA !
‘ | EES1,EES11,EES2,EES21 or EMGIN1,EMGIN2 are on the panel board.
EES21
In case of R-30iA Mate
EES1,EES11,EES2,EES21 are on the emergency stop board
| or connector panel (in case of Open air type).
Single chain EMGIN1,EMGIN2 are on the emergency stop board.
External stop button Refer to the maintenance manual of the controller for details.
Panel board \
‘ ~1_| EMGINT
EMGIN2

Fig.2.1 Connection Diagram for External Emergency Stop Button
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2.2 SAFETY OF THE PROGRAMMER

While teaching the robot, the operator must enter the work area of the robot. The operator must ensure
the safety of the teach pendant operator especially.

(1) Unless it is specifically necessary to enter the robot work area, carry out all tasks outside the area.

(2) Before teaching the robot, check that the robot and its peripheral devices are all in the normal
operating condition.

(3) Ifitis inevitable to enter the robot work area to teach the robot, check the locations, settings, and
other conditions of the safety devices (such as the EMERGENCY STOP button, the DEADMAN
switch on the teach pendant) before entering the area.

(4) The programmer must be extremely careful not to let anyone else enter the robot work area.

Our operator panel is provided with an emergency stop button and a key switch (mode switch) for selecting the
automatic operation mode (AUTO) and the teach modes (T1 and T2). Before entering the inside of the safety
fence for the purpose of teaching, set the switch to a teach mode, remove the key from the mode switch to prevent
other people from changing the operation mode carelessly, then open the safety gate. If the safety gate is opened
with the automatic operation mode set, the robot stops (Please refer to "STOP TYPE OF ROBOT" in SAFETY for
detail of stop type). After the switch is set to a teach mode, the safety gate is disabled. The programmer should
understand that the safety gate is disabled and is responsible for keeping other people from entering the inside of
the safety fence. (In case of R-30iA Mate Controller standard specification, there is no mode switch. The
automatic operation mode and the teach mode is selected by teach pendant enable switch.)

Our teach pendant is provided with a DEADMAN switch as well as an emergency stop button. These button and

switch function as follows:

(1) Emergency stop button: Causes an emergency stop (Please refer to "STOP TYPE OF ROBOT" in SAFETY
for detail of stop type) when pressed.

(2) DEADMAN switch: Functions differently depending on the mode switch setting status.

(@) Automatic operation mode: The DEADMAN switch is disabled.

(b) Teach mode: Servo power is turned off when the operator releases the DEADMAN switch or when the
operator presses the switch strongly.

Note) The DEADMAN switch is provided to stop the robot when the operator releases the teach pendant or
presses the pendant strongly in case of emergency. The R-30iA/ R-30iA Mate employs a 3-position
DEADMAN switch, which allows the robot to operate when the 3-position DEADMAN switch is pressed
to its intermediate point. When the operator releases the DEADMAN switch or presses the switch
strongly, the robot stops immediately.

The operator’s intention of starting teaching is determined by the controller through the dual operation of setting the
teach pendant enable/disable switch to the enable position and pressing the DEADMAN switch. The operator
should make sure that the robot could operate in such conditions and be responsible in carrying out tasks safely.

The teach pendant, operator panel, and peripheral device interface send each robot start signal. However the
validity of each signal changes as follows depending on the mode switch and the DEADMAN switch of the operator
panel, the teach pendant enable switch and the remote condition on the software.

In case of R-30iA Controller or CE or RIA specification of R-30iA Mate Controller

Teach pendant Software
Mode P . remote Teach pendant Operator panel Peripheral device
enable switch .
condition
on Local Not allowed Not allowed Not allowed
AUTO Remote Not allowed Not allowed Not allowed
mode off Local Not allowed Allowed to start Not allowed
Remote Not allowed Not allowed Allowed to start

_Vi_
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Teach pendant Software
Mode P . remote Teach pendant Operator panel Peripheral device
enable switch .
condition
on Local Allowed to start Not allowed Not allowed
T1,T2 Remote Allowed to start Not allowed Not allowed
mode off Local Not allowed Not allowed Not allowed
Remote Not allowed Not allowed Not allowed

T1,T2 mode:DEADMAN switch is effective.

In case of standard specification of R-30iA Mate Controller

Teach pendant enable switch

Software remote condition

Teach pendant

Peripheral device

On Ignored Allowed to start Not allowed
Off Local Not allowed Not allowed
Remote Not allowed Allowed to start

®)

(6)

()

2.3

(Only when R-30iA Controller or CE or RIA specification of R-30iA Mate controller is selected.)
To start the system using the operator’s panel, make certain that nobody is the robot work area and
that there are no abnormal conditions in the robot work area.

When a program is completed, be sure to carry out a test run according to the procedure below.

(@) Run the program for at least one operation cycle in the single step mode at low speed.

(b) Run the program for at least one operation cycle in the continuous operation mode at low

speed.

(c) Run the program for one operation cycle in the continuous operation mode at the intermediate
speed and check that no abnormalities occur due to a delay in timing.

(d) Run the program for one operation cycle in the continuous operation mode at the normal
operating speed and check that the system operates automatically without trouble.

(e) After checking the completeness of the program through the test run above, execute it in the
automatic operation mode.

While operating the system in the automatic operation mode, the teach pendant operator should

leave the robot work area.

SAFETY OF THE MAINTENANCE ENGINEER

For the safety of maintenance engineer personnel, pay utmost attention to the following.

(1)
)

@)

(4)
®)

(6)
()

(8)
9)

During operation, never enter the robot work area.

Except when specifically necessary, turn off the power of the controller while carrying out
maintenance. Lock the power switch, if necessary, so that no other person can turn it on.

If it becomes necessary to enter the robot operation range while the power is on, press the
emergency stop button on the operator panel, or the teach pendant before entering the range. The
maintenance personnel must indicate that maintenance work is in progress and be careful not to
allow other people to operate the robot carelessly.

When disconnecting the pneumatic system, be sure to reduce the supply pressure.

Before the start of teaching, check that the robot and its peripheral devices are all in the normal
operating condition.

Do not operate the robot in the automatic mode while anybody is in the robot work area.

When you maintain the robot alongside a wall or instrument, or when multiple workers are working
nearby, make certain that their escape path is not obstructed.

When a tool is mounted on the robot, or when any moving device other than the robot is installed,
such as belt conveyor, pay careful attention to its motion.

If necessary, have a worker who is familiar with the robot system stand beside the operator panel
and observe the work being performed. If any danger arises, the worker should be ready to press
the EMERGENCY STOP button at any time.

-vii-
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(10) When replacing or reinstalling components, take care to prevent foreign matter from entering the

system.

(11) When handling each unit or printed circuit board in the controller during inspection, turn off the

circuit breaker to protect against electric shock.
If there are two cabinets, turn off the both circuit breaker.

(12) When replacing parts, be sure to use those specified by FANUC.

In particular, never use fuses or other parts of non-specified ratings. They may cause a fire or
result in damage to the components in the controller.

(13) When restarting the robot system after completing maintenance work, make sure in advance that

3

there is no person in the work area and that the robot and the peripheral devices are not abnormal.

SAFETY OF THE TOOLS AND
PERIPHERAL DEVICES

3.1

PRECAUTIONS IN PROGRAMMING

M)
)
@)
(4)

3.2

Use a limit switch or other sensor to detect a dangerous condition and, if necessary, design the
program to stop the robot when the sensor signal is received.

Design the program to stop the robot when an abnormal condition occurs in any other robots or
peripheral devices, even though the robot itself is normal.

For a system in which the robot and its peripheral devices are in synchronous motion, particular care
must be taken in programming so that they do not interfere with each other.

Provide a suitable interface between the robot and its peripheral devices so that the robot can detect
the states of all devices in the system and can be stopped according to the states.

PRECAUTIONS FOR MECHANISM

M)

()
@)

(4)

(®)

Keep the component cells of the robot system clean, and operate the robot in an environment free of

grease, water, and dust.

Don’t use unconfirmed liquid for cutting fluid and cleaning fluid.

Employ a limit switch or mechanical stopper to limit the robot motion so that the robot or cable does

not strike against its peripheral devices or tools.

Observe the following precautions about the mechanical unit cables. When theses attentions are not

kept, unexpected troubles might occur.

e  Use mechanical unit cable that have required user interface.

e Don’t add user cable or hose to inside of mechanical unit.

e  Please do not obstruct the movement of the mechanical unit cable when cables are added to
outside of mechanical unit.

e In the case of the model that a cable is exposed, Please do not perform remodeling (Adding a
protective cover and fix an outside cable more) obstructing the behavior of the outcrop of the
cable.

e  Please do not interfere with the other parts of mechanical unit when install equipments in the
robot.

The frequent power-off stop for the robot during operation causes the trouble of the robot. Please

avoid the system construction that power-off stop would be operated routinely. (Refer to bad case

example.) Please execute power-off stop after reducing the speed of the robot and stopping it by
hold stop or cycle stop when it is not urgent. (Please refer to "STOP TYPE OF ROBOT" in

SAFETY for detail of stop type.)

(Bad case example)

e  Whenever poor product is generated, a line stops by emergency stop.

-Viii-
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e When alteration was necessary, safety switch is operated by opening safety fence and
power-off stop is executed for the robot during operation.

e  An operator pushes the emergency stop button frequently, and a line stops.

e An area sensor or a mat switch connected to safety signal operate routinely and power-off stop
is executed for the robot.

(6) Robot stops urgently when collision detection alarm (SV050) etc. occurs. The frequent urgent stop
by alarm causes the trouble of the robot, too. So remove the causes of the alarm.

4 SAFETY OF THE ROBOT MECHANISM

4.1 PRECAUTIONS IN OPERATION

(1) When operating the robot in the jog mode, set it at an appropriate speed so that the operator can
manage the robot in any eventuality.

(2) Before pressing the jog key, be sure you know in advance what motion the robot will perform in the
jog mode.

4.2 PRECAUTIONS IN PROGRAMMING

(1) When the work areas of robots overlap, make certain that the motions of the robots do not interfere
with each other.

(2) Be sure to specify the predetermined work origin in a motion program for the robot and program the
motion so that it starts from the origin and terminates at the origin.

Make it possible for the operator to easily distinguish at a glance that the robot motion has
terminated.

4.3 PRECAUTIONS FOR MECHANISMS

(1) Keep the work areas of the robot clean, and operate the robot in an environment free of grease, water,
and dust.

4.4 PROCEDURE TO MOVE ARM WITHOUT DRIVE POWER
IN EMERGENCY OR ABNORMAL SITUATIONS

For emergency or abnormal situations (e.g. persons trapped in or by the robot), brake release unit can be
used to move the robot axes without drive power.

Please refer to controller maintenance manual and mechanical unit operator’s manual for using method of
brake release unit and method of supporting robot.

5 SAFETY OF THE END EFFECTOR

5.1 PRECAUTIONS IN PROGRAMMING

(1) To control the pneumatic, hydraulic and electric actuators, carefully consider the necessary time
delay after issuing each control command up to actual motion and ensure safe control.
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(2) Provide the end effector with a limit switch, and control the robot system by monitoring the state of
the end effector.

6 STOP TYPE OF ROBOT

The following three robot stop types exist:

Power-Off Stop (Category 0 following IEC 60204-1)
Servo power is turned off and the robot stops immediately. Servo power is turned off when the robot is
moving, and the motion path of the deceleration is uncontrolled.
The following processing is performed at Power-Off stop.
- Analarm is generated and servo power is turned off.
- The robot operation is stopped immediately. Execution of the program is paused.

Controlled stop (Category 1 following IEC 60204-1)
The robot is decelerated until it stops, and servo power is turned off.
The following processing is performed at Controlled stop.
- The alarm "SRVO-199 Controlled stop™ occurs along with a decelerated stop. Execution of the
program is paused.
- Analarm is generated and servo power is turned off.

Hold (Category 2 following IEC 60204-1)
The robot is decelerated until it stops, and servo power remains on.
The following processing is performed at Hold.
- The robot operation is decelerated until it stops. Execution of the program is paused.

/A WARNING
The stopping distance and stopping time of Controlled stop are longer than the
stopping distance and stopping time of Power-Off stop. A risk assessment for
the whole robot system, which takes into consideration the increased stopping
distance and stopping time, is necessary when Controlled stop is used.

When the E-Stop button is pressed or the FENCE is open, the stop type of robot is Power-Off stop or
Controlled stop. The configuration of stop type for each situation is called stop pattern. The stop pattern
is different according to the controller type or option configuration.

There are the following 3 Stop patterns.
Stop Mode E-Stop External FENCE open | SVOFF input _Servo
pattern button E-Stop disconnect

AUTO P-Stop P-Stop C-Stop C-Stop P-Stop

A T1 P-Stop P-Stop - C-Stop P-Stop
T2 P-Stop P-Stop - C-Stop P-Stop

AUTO P-Stop P-Stop P-Stop P-Stop P-Stop

B T1 P-Stop P-Stop - P-Stop P-Stop
T2 P-Stop P-Stop - P-Stop P-Stop

AUTO C-Stop C-Stop C-Stop C-Stop C-Stop

C T1 P-Stop P-Stop - C-Stop P-Stop
T2 P-Stop P-Stop - C-Stop P-Stop

P-Stop:  Power-Off stop
C-Stop: Controlled stop
- Not stop
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The following table indicates the Stop pattern according to the controller type or option configuration.

R-30iA R-30iA Mate
Option Standard | Standard RIA CE Standard RIA CE
(Single) (Dual) type type type type
Standard B (*) A A A A (*Y) A A
Stop type set (Stop pattern C)
(A05B-2500-J570) N/A N/A C C N/A C C

(*) R-30:A standard (single) does not have servo disconnect.

(**) R-30{A Mate Standard does not have servo disconnect, and the stop type of SVOFF input is

Power-Off stop.

The stop pattern of the controller is displayed in "Stop pattern™ line in software version screen. Please

refer to "Software version™ in operator's manual of controller for the detail of software version screen.

"Stop type set (Stop pattern C)" option

"Stop type set (Stop pattern C)"(A05B-2500-J570) is an optional function.
the stop type of the following alarms becomes Controlled stop but only in AUTO mode.
mode, the stop type is Power-Off stop which is the normal operation of the system.

When this option is loaded,
InT1orT2

Alarm Condition

SRVO-001 Operator panel E-stop Operator panel E-stop is pressed.

SRVO-002 Teach pendant E-stop Teach pendant E-stop is pressed.

SRVO-007 External emergency stops External emergency stop input (EES1-EES11, EES2-EES21) is

open. (R-30iA controller)

SRVO-194 Servo disconnect Servo disconnect input (SD4-SD41, SD5-SD51) is open.

(R-30iA controller)

SRVO-218 Ext.E-stop/Servo Disconnect External emergency stop input (EES1-EES11, EES2-EES21) is

open. (R-30iA Mate controller)

SRVO0-408 DCS SSO Ext Emergency Stop In DCS Safe I/O connect function, SSO[3] is OFF.

SRV0-409 DCS SSO Servo Disconnect

In DCS Safe I/0 connect function, SSO[4] is OFF.

Controlled stop is different from Power-Off stop as follows:

- In Controlled stop, the robot is stopped on the program path. This function is effective for a system

where the robot can interfere with other devices if it deviates from the program path.

- In Controlled stop, physical impact is less than Power-Off stop. This function is effective for
systems where the physical impact to the mechanical unit or EOAT (End Of Arm Tool) should be

minimized.

- The stopping distance and stopping time of Controlled stop is longer than the stopping distance and
stopping time of Power-Off stop, depending on the robot model and axis. Please refer to the

operator's manual of a particular robot model for the data of stopping distance and stopping time.
This function is available only in CE or RIA type hardware.
When this option is loaded, this function cannot be disabled.

The stop type of DCS Position and Speed Check functions is not affected by the loading of this option.

/AN WARNING
The stopping distance and stopping time of Controlled stop are longer than the
stopping distance and stopping time of Power-Off stop. A risk assessment for
the whole robot system, which takes into consideration the increased stopping
distance and stopping time, is necessary when this option is loaded.

-Xi-
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1 PREFACE

This chapter describes an overview of this manual which should be noted before operating the iRVision
function.

1.1 OVERVIEW OF THE MANUAL

Overview
This manual describes how to operate iRVision controlled by the R-30:iA / R-30iA Mate controller.
In this manual, only the operation and the technique of programming for the dedicated sensor functions
are explained, assuming that robot installation and setup is complete. Refer to the "HANDLING TOOL
Operations Manual' about other operations of FANUC Robots.

/A\ CAUTION
This manual is based on the R-30iA system software version V7.70P/19. Note
that the functions and settings not described in this manual may be available,
and some notation differences are present, depending on the software version.
Contents of this manual

Chapter 1 Preface

Chapter 2 Describes the vision guide robot motion

Chapter 3 Describes the set up operation using iRVision

Chapter 4 Describes the basic operations

Chapter 5 Describes how to set up camera set up tools

Chapter 6 Describes how to set up camera calibration tools

Chapter 7 Describes how to set up vision processes

Chapter 8 Describes how to set up the command tools

Chapter 9 Describes how to set up application data

Chapter 10 Describes how to start iRVision from a robot program

Chapter 11 Describes how to use iRVision utility menus

Chapter 12 Describes the calibration grid and how to set up the calibration grid frame

Chapter 13 Describes how to set up visual tracking items

Chapter 14 Describes how to use the vision support tools

Chapter 15 Describes about troubleshooting
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2 ABOUT VISION SYSTEM

This chapter explains vision-guided robot motion using iRVision (integral Robot Vision).

2.1 VISION-GUIDED ROBOT MOTION

FANUC robots are teaching-playback robots. In a teaching-playback system, specific tasks are taught to
robots in advance, which then in turn work exactly as they are taught. A series of instructions that specify
what robots are to do is called a robot program. The process of generating robot programs is called
teaching, and the act of executing the taught robot programs is called playback. Teaching-playback robots
play back the motion just as it was taught. Conversely speaking, what this type of robot can do is limited
to what it is taught in advance. This means that, if you want the robot to manipulate every workpiece in
the same way, you need to place every workpiece at exactly the same position. iRVision is a visual sensor
system designed to eliminate such restrictions. iRVision measures the position of each workpiece by
using cameras, and it adjusts the robot motion so that the robot can manipulate the workpiece in the same
way as programmed even if the position of the workpiece is different from the workpiece position set
when the robot program was taught.

Relative position offset
There are two methods for vision-guided robot motion - absolute positioning and relative position offset.
With absolute positioning, the sensor measures the absolute position of the workpiece and the robot
moves directly to that position. With relative position offset, the sensor measures how the workpiece has
moved relative to the position set when the robot program was taught. The robot then adjusts the taught
position by this relative position before moving to it. iRVision adopts the latter approach - relative
position offset.

Reference position and actual position

The relative position of the workpiece used for offsetting the robot position is called the offset data.
Offset data is calculated from the position of the workpiece set when the robot program was taught and
the current workpiece position. The position of the workpiece set when the robot program was taught is
called as the reference position, and the current workpiece position is called the actual position. The
offset data is the difference between the reference position and the actual position. iRVision measures the
reference position when a robot program is taught, and stores it internally. The operation of teaching the
reference position to iRVision is called reference position setting.

2.2 FIXED FRAME OFFSET AND TOOL OFFSET

There are two kinds of robot position offset, fixed frame offset and tool offset. iRVision supports both
kinds of robot position offset.

Fixed frame offset
With fixed frame offset, the workpiece offset is measured in a coordinate frame fixed with respect to the
robot base. A workpiece placed on a fixed surface or a container is viewed by a camera, and the vision
system measures its position. The robot then adjusts its taught positions so that it can manipulate (pick up,
for example) the workpiece properly.

Tool offset
With tool offset, the workpiece offset is measured in a coordinate frame that moves with the robot tool.
This method is useful for grippers where the part position in the gripper can vary, such as vacuum
grippers. A workpiece held by the robot is viewed by a camera, and the vision system measures its
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position relative to the gripper. The robot then offsets its taught positions so that it can manipulate (place,
for example) the workpiece properly.

Fixed frame offset Tool offset

2.3 FIXED CAMERA AND ROBOT-MOUNTED CAMERA

A camera can be installed as a fixed camera or a robot-mounted camera. iRVision supports both of these
positioning methods.

Fixed camera
A fixed camera is attached to the top of the pedestal or another fixed structure. In this method, the camera
always sees the same view from the same distance. An advantage of a fixed camera is that the robot cycle
time can be reduced because iRVision can take and process a picture while the robot performs another
task.

Robot-mounted camera
The robot-mounted camera is mounted on the wrist unit of the robot. By moving the robot, measurement
can be done at different locations or with different distances between the workpiece and the camera.
When a robot-mounted camera is used, iRVision calculates the position of the workpiece while taking
into account the camera movement resulting from the robot being moved.

Fixed camera Robot mounted camera

2.4 VISION DATA

Data entered by the user during iRVision setup is called vision data. Like robot programs and 1/O settings,
vision data is stored in memory in the robot controller.
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2.4.1 Types of Vision Data

There are four types of vision data:

Camera Setup
Camera Setup data sets the camera port number, the type of the camera, the camera mounting
method, and so on.

Camera Calibration
Camera Calibration data establishes the mathematical correspondence between the coordinate
system of camera images and the coordinate system in which the robot moves.

Vision Process
Vision Process data is defining the image processing, location, and measurement to be performed by
iRVision during production operation.

Application data
Application data are settings specific to an application.

2.4.2 Maximum Vision Data That Can Be Created

Maximum number of vision data that can be created on your robot controller cannot be generally
determined because it varies with various conditions. A guide for roughly estimating the maximum
number of vision data that can be created on your robot controller is given here.

Vision data is stored in FROM of the robot controller. Accordingly, the capacity for storing vision data
depends on the amount of free space in FROM of your robot controller. The more options that are
installed, the smaller the free space of FROM. The free space of FROM of your robot controller can be
checked by selecting STATUS / Memory on the teach pendant.

The R-30:A controller has the automatic backup function, which automatically stores the backup of all
user data such as robot programs periodically. The default destination of automatic backup is FROM
(FRA:) and the two latest backups are saved by default. Accordingly, the capacity that can be used to
store vision data is approximately one forth the free space of FROM.

The maximum number of vision data that can be created also depends on the size of the vision data to be
created. Generally, a vision process has the greatest size and its size depends on the model pattern
taught in the locator tools. The size of a vision process ranges from about 5 Kbytes to 300 Kbytes.

For example, assume that the free space of FROM is 10 Mbytes and the average size of vision data is 100
Kbytes. The capacity that can be used to store vision data would be about 2.5 Mbytes, which is one forth
of 10 Mbytes. Then, the estimated number of vision data that can be created is approximately 25 (2.5
Mbytes/10 Kbytes).

To create more vision data items, see Section 15.2.3, "To Create More Vision Data".

2.5 USER FRAME AND USER TOOL

Position and posture of the robot are represented based on the frames. The user frame defines the working
space for the robot to work. The user tool defines the position and orientation of the tooling (end effector).
The origin of the user tool is also called TCP (Tool Center Point).
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FANUC robots are teaching-playback robots. Robots of this method play back taught motion only.
Therefore, in robot systems that do not use vision, you do not have to use frames because the robots just
repeats the taught motion regardless of how accurate the frames are set up.

On the other hand, in robot systems that use a vision system, frames are very important. For instance,
when the vision system returns the instruction to move 10 mm in X direction or to rotate 30 degrees
around the Z-axis, the robot motion completely depends on the accurate definition of the frames.

User Frame
The user frame defines the working space in which the robot works. The offset data from the vision
system, for instance to move 10 mm in X direction or to rotate 30 degrees around the Z-axis, are all
represented based on the user frame. Therefore it is very important to teach the user frame as accurately
as possible. If the user frame was set up inaccurately, the robot would move to an incorrect direction or
rotate around an incorrect axis.

In the case of a 2-dimensional vision application, the user frame covers another important role. It defines
the 2-dimensional work plane in the real 3-dimensional space. The 2-D work plane for iRVision must be
parallel to the X-Y plane of the user frame.

See also the application-specific Operator’s Manual or Setup and Operations Manual for information
regarding detailed user frame setup procedures.

NOTE
Do not change the posture of the robot while teaching a user frame. If it is
changed, the taught user frame will be less accurate.

User Tool
The user tool defines the position and orientation of the robot tooling (end effector). In a robot system
that uses vision, it is very important to teach the TCP (Tool Center Point) of the pointer tool that is used
during teaching the user frame. If the TCP is less accurate, the taught user frame will also be less
accurate.

See also the application-specific Operator’s Manual or Setup and Operations Manual for information
regarding detailed user tool setup procedures.

Sharing User Frame
When two or more robots work together, it is necessary to configure the system so that these robots share
physically the same user frame. This is called the sharing of the user frame. Specifically, the sharing of
the user frame is needed in the following cases:

e  Multiple robots are offset with a single set of offset data.
e  The robot to be offset is different from the robot that has the camera.

User frame sharing requires that all robots use the same user frame number. For example, user frame 5 of
robot 1 needs to be physically the same as user frame 5 of robot 2.

/A\ CAUTION
If robots share user frames of different numbers, iRVision cannot offset the
robots correctly. Make sure that the robots share the same user frame number,
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3 SETUP

This chapter explains the setup operation that is required before iRVision can be used.

3.1 BASIC CONFIGURATION

This section describes the basic configuration of the iRVision system.

This manual describes the standard iRVision configuration. Some applications might require special
components. Refer to the application-specific iRVision Start-up Guide for more information.

iRVision consists of the following components:

Camera and lens, or three-dimensional laser sensor
Camera cable

Optional multiplexer (contained in the robot controller)
Optional vision board (contained in the robot controller)
Setup PC

Communication cable o x

/\ CAUTION
The components marked with an asterisk (*) are necessary only for setting up
iRVision and can be removed during production operation. These components
are not provided by FANUC and need to be purchased by the user.

Robot Controller

.. Camera Cable
Communication

Cable l Camera and Lens

3.2 CONNECTING A CAMERA

Connect a camera to the robot controller.

3.2.1 Configuring The Camera

Configure the camera for iRVision.

3.2.1.1 SONY XC-56

Set the switches on the rear panel of the camera as shown in the table below.
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Switch

Factory-set default

Setting for using iRVision

DIP switches All set to OFF Set switches 7 and 8 to ON.
75-ohm terminal ON ON
HD/VD signal selector EXT EXT

XC-56 rear panel

N

O

=
OO 00 ~1 DU N =

75-ohm terminal
HD/VD signal selector

3.2.1.2 SONY XC-HR50, XC-HR57

Set the switches on the rear panel of the camera as shown in the table below.

Switch Factory-set default Setting for using iRVision
DIP switches All set to OFF Set switches 7 and 8 to ON.
75-ohm terminal ON ON
HD/VD signal selector EXT EXT

XC-HR50, HR57 rear panel

N

O

e
O W00 ~1 DU O =

75-ohm terminal
HD/VD signal selector

/A\ CAUTION

used.

The SONY XC-HR50 and XC-HR57 can be used only when the VISION board is

3.2.2 Connecting a Camera

Connect cameras to the robot controller.

Camera Port

The R-30:{A controller’s MAIN board has one camera port (JRL6), and the VISION board has four

camera ports (JRL6A to D).

One multiplexer unit can be connected to each camera port. Or, one camera can be directly connected to
the JRL6 port on the MAIN board or the JRL6A port on the VISION board.
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1

2

3

(G208

/\ CAUTION

When the VISION board is plugged in to your robot controller, the camera port
on the MAIN board is not available.

Cameras cannot be connected to the JRL6B to D ports on the VISION board
directly, because electrical power is not provided to those ports.

To use the VISION board, the robot controller needs to have the 4-slot
backplane. Also, the VISION board has to be plugged into the slot-2.

The VISION board is not available with the R-30iA Mate controller.

There are two types of R-30:A Mate controllers: one has the camera port and the
other has no camera port. Determine whether or not your R-30:A Mate controller
has the camera port.

Multiplexer

The

multiplexer unit allows you to connect multiple cameras to a camera port. By connecting a

multiplexer, you can use multiple cameras with your robot controller.

There are four types of multiplexers.

Multiplexer A

Up to 4 cameras or 4 3D laser vision sensors can be connected.

Multiplexer B

Up to 4 cameras can be connected. (3D laser vision sensor is not available.)

Multiplexer C

Up to 8 cameras can be connected. (3D laser vision sensor is not available.) The camera connected
to the 8" port (JRL6H) can be disconnected by using the function described in “10.2.5 Sensor
Connect/Disconnect command.”

Multiplexer D

This is a multiplexer for robot-mounted cameras, and mounted on the J3 casing of the robot. Up to
four cameras or four 3D laser vision sensors can be connected. The cameras and 3D laser vision
sensors connected to the multiplexer can be disconnected by using the function described in “10.2.5
Sensor Connect/Disconnect command.”

1

2

3

/A\ CAUTION

To use the 3D laser vision sensor, the multiplexer A or D unit is needed even for
a single sensor.

The multiplexer B, C and D units cannot be connected to the VISION board at
the same time.

Two or more multiplexer B units cannot be connected to the VISION board at the
same time.

Two or more multiplexer D units cannot be connected to the VISION board at the
same time.
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3.2.2.1 MAIN board without multiplexer

When only one camera is to be used, connect the camera directly to the robot controller. Connect the
camera cable to the JRL6 port of the MAIN board of the robot controller.

MAIN Board

Camera

3.2.2.2 MAIN board with multiplexer

When more than one camera is to be used, or when at least one three-dimensional laser sensor is to be
used, connect the cameras or three-dimensional laser sensor to a multiplexer installed in the robot
controller.

Multiplexer

Connect the camera cables to the four ports, JRL6A to JRL6D, on the multiplexer.
Connect the JRL6 port of the multiplexer to the JRL6 port of the MAIN board of the robot controller.

-10 -
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3.2.2.3 VISION board without multiplexer

When only one camera is to be used, connect the cameras directly to the robot controller with no
multiplexer. Connect the robot controller side to the JRL6A to JRL6D ports on the VISION board.

VISION Board

ﬁ: I

1
Camera Cable

d (1]
[

s

/A\ CAUTION

When the VISION board is used, a backplane with four slots is required. Be
sure to insert the VISION board into slot 2.

3.2.2.4  VISION board with multiplexer

When more than one camera is used, or when at least one 3D laser vision sensor is used, connect the
cameras to the multiplexer in the robot controller.

The multiplexer is connected to the VISION board.

I VDTN -| i |4

Multip lexer

AT
LI:";I!: /;j "

Connect the camera cables to the four ports (JRL6A to JRL6D) on the multiplexer.

/A\ CAUTION

When the VISION board is used, a backplane with four slots is required.

Be
sure to insert the VISION board into slot 2.

-11 -
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3.3 CONNECTING A SETUP PC

Connect a PC to the robot controller and prepare to set up the iRVision system. The PC is used only for
teaching iRVision and can be disconnected during production operation.

3.3.1 Setup PC

A PC is used to set up iRVision. After the setup operation for iRVision is completed, the PC can be
removed. Make sure that the setup PC meets the specifications shown below.

Operating Systems
V7.20P V7.30P V7.40P V7.50P V7.70P

Microsoft® Windows XP Professional Edition ° ° . ° .
Microsoft® Windows XP Home Edition .

Microsoft® Windows Vista™ Business 32-bit ° ° .
Microsoft® Windows 7 Professional 32-bit ° ° . ° .
Microsoft® Windows 7 Professional 64-bit ° ° . ° .

Web Browsers
\V7.20P V7.30P V7.40P V7.50P \V7.70P

Microsoft® Internet Explorer 6 . . . . .

Microsoft® Internet Explorer 7 . . . .

Microsoft® Internet Explorer 8 . .

Microsoft® Internet Explorer 9 . . . . .
/A CAUTION

1 iRVision supports only Japanese version and US version of Windows.

2 Operating systems and browsers not in the above tables are not supported.

3 iRVision setup will NOT work with 64-bit Internet Explorer. If the PC is running
the 64-bit version of Windows 7, iRVision setup must be operated using the
32-bit version of Internet Explorer.

All Windows versions assume that the latest Service Pack is installed.

When you log in to your PC as a user without the Administrator password, the
PC might not normally communicate with the robot. Log in to your PC as a user
with the Administrator password.

(G N

3.3.2 Communication Cable

A cable is used to connect the robot controller and the PC to set up iRVision. Choose a 10BASE-T or
100BASE-T cable that meets the specifications shown below.

Cable Twisted pair

Shield Shielded

Cable connection Cross cable (when connecting the PC directly to the robot controller)
Straight cable (when connecting the PC to the robot controller via a hub unit)

3.3.3 Connecting a Communication Cable

Connect the robot controller and the PC using an Ethernet cable. On the robot controller side, plug the
cable into the Ethernet connector on the front of the MAIN board. On the PC side, plug the cable into the
network connector, usually marked .

-12 -
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3.34 Determining the IP Addresses

Set the IP addresses to be assigned to the robot controller and the setup PC. Typically, these IP addresses
are determined by the network administrator. To find out what addresses to assign, contact the network
administrator of your organization.

When the robot controller and the PC are connected on a one-on-one basis and not connected to any other
network device, the IP addresses can be set as shown below.

Robot controller 192.168.0.1
PC 192.168.0.2
Gateway 192.168.0.3
Subnet mask 255.255.0.0

3.3.5 Setting the IP Address of the Robot Controller

Set the IP address of the robot controller.

1 Press MENUS on the teach pendant of the robot controller.
2 From the pull-down menu, select [6 SETUP].
3 Press F1, [TYPE].
4 Select [Host Comm] from the list.
SETUP Protocols
1/9
Protocol Description
1 TCP/IP TCP/IP Detailed Setup
2 TELNET Telnet Protocol
3 SM Socket Messaging Service
4 RIPE ROS Ethernet Packets
5 Proxy Proxy Server
6 PPP Point to Point Protocol
7 HTTP HTTP Authentication
8 FTP File Transfer Protocol
[ TYPE ] DETAIL [ SHOW ]

5  Move the cursor to "TCP/IP" and press ENTER.

SETUP Host Comm

TCP/IP 1/32
Robot name : ROBOT
Port#1 IP addr : 172.16.0. 1
Subnet Mask : 255.255.0.0
Board address : 08:00:19:00:00:A1
Router [P addr : 172.16.0.3

Host Nmae (LOCAL) Internet Address

1 sokksokksokokdok sokskokskokokkokok koo kdok
2
3 spokkdokokdokokk sokskokskokokkokok koo kdok
4

[ TYPE ] PORT PING HELP

Enter the name of the robot controller in [Robot name].

Enter the IP address of the robot controller in [Port#1 IP addr].
Enter the subnet mask in [Subnet mask].

Enter the IP address of the default gateway in [Router IP addr].

O© 0o NO®
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10 Turn off the power of the robot controller, and then turn it back on.

A CAUTION

1 When setting the IP address, do not insert any unnecessary spaces or "0". If an
unnecessary space or "0" is inserted, communication cannot be performed
normally.

2 When setting the Robot Name, do not insert any spaces in the name.

3.3.6 Setting the IP Address of the PC

Set the IP address of the PC.

Windows 7

1 Inthe Control Panel window, open [Network and Sharing Center].

%29 |5* » ControlPanel » Network and Intemet b Network and Sharing Center + | 43 [ Search Control Panet
e
[z]
Control Panel Home . . . . . N
View your basic network information and set up connections
Change adapter settings A == @ See full map
1M ~
hange achanced shariniy RLUSER-PC Network 2 Internet
etti
" (This computer)
View your active networks Connect or disconnect
= Network 2 Accesstype:  Intemet
T Public network Connections: [ Locsl Ares Connection
Change your networking settings
ik Set up @ new connection or network
™" Setup a wireless, broadband, dial-up, ad he, or VPN connection; or set up a router or access point.
Wi Connecttoa network
Connect or reconnect to 3 wireless, wired, dial-up, or VPN network connection,
@ Choose homegroup and sharing options
Access files and printers located on other network computers, or change sharing settings.
[ Troubleshoot problems
Diagnose and repair network problems, or get troubleshocting information
See also
HemeGroup
Intemet Options
Windows Firewall

2  Click [Local Area Connections] in [View your active networks].

[ Local Area Connection Status |
General

Connection
TPv4 Connectivity: Internet
TPv6 Connectivity: Mo Internet access
Media State: Enabled
Duration: 05:25:35
Speed: 1.0 Gbps

Activity
Sent Ao Received
Bytes: 685,534 3,827,886
[ ) properties ] [ %) Disable ] [ Diagnose ]
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3 Click the [Properties] button.

4 Select [Internet Protocol Version 4 (TCP/IPv4)], and click the [Properties] button.

Networking

Connect using:
¥ Intel(R) 82567LM-3 Gigabt Network Connsction

This cgnection uses the following items:

O% Ciiertt for Microsoft Networks

| 1005 Packet Scheduler I
=il and Printer Sharing for Microsoft Networks

- Intemet Protocal Version & (TCP/IPv6)

Ry ricmet Frtocol Version 4 (TCP/IPv4) |

<& Link-Layer Topology Discovery Mapper 1/0 Driver
- Link-Layer Topology Discovery Responder

Install. Uninstall

Description

Transmission Cortrol Protocol/Intemet Protocol. The defauit
wide area network protocal that provides communication I
across diverse interconnected networks

Internet Protocol Version

General

You can get IP settings assigned automatically if your network supports
this capability. Otherwise, you need to ask your netork administrator
for the appropriate IP settings.

() Cbtain an IP address automatically

Hse the following IP addressit

i [P address: 190. 5 .91 .168
I
Subnet mask: 255.255. 0 .0
Default gateway: 190. 5 .90 254

Obtzin DNS server address automatically
®) Use the following DNS server addresses:
Preferred DNS server:

Alternate DNS server:

|
i ] validate settings upon exit
|

5  Check the [Use the following IP address] box, and enter values in [IP address], [Subnet mask], and

[Default gateway].

6  Click the [OK] button to close the window.

Windows XP and Windows Vista

1  Inthe Control Panel window, double-click [Network connectionl].

" Network Connections

Edit

. Fils

Wiew  Favorites  Tools

Advanced  Help

: (€] & l_ﬁ pSaarch i Foldsrs | [£78)-

Address ‘ﬂ_ Metwork Connections

v B

= #| LAM or High-Speed Internet
Network Tasks 3 [

[&] Create anew
connection
& Change Windows
Firewall settings

See Alsa

b Metwork,
Troubleshooter

Other Places

B Cortrol Panel

) [ etk Place
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2 Right-click [Local area connection], and then select [Properties].

- Local Area Connection Praperties

| Bereral | authentication f._ﬂ\a;fan.cédE
Connect using:

| E@ Intel(R) PROAOOOMT Network Cone |

Thiz connection uses the following items:
| & E‘.Eliant for Microsoft Networks
| gﬁ\e and Printer Sharing for Microsoft Mebwarks

Description

Transmiszion Control Protocol/Intemet Protocol. The default
wide area network protocol that provides communication
acioss diverse interconnected networks.

Show icon in notification area when connected
Matify me when this connection has limited or no connectivity

3 Select [Internet protocol(TCP/IP)], and then click [Properties].

Internet Protocol (TCP/IP) Properties E]@

General

“You can get IF seftings assigned automatically if your network supports
thiz capability. Othenwize, you need to ask pour netwark administratar for
the appropriate IP settings.

() Obtain an IP address automatically
(%) Use the following IF address:

1P address: | 0.2
Subret mask =
Default gateway: 172 6. 0.3 |

(®Use the followng DNS server addiesses:

Preferred DNS server:

Alternate DMS server,

4 Check the [Use the following IP address] box, and enter values in [IP address], [Sub-net mask], and
[Default gate way].

5  Click the [OK] button to close the window.

3.3.7 Modifying Settings of Internet Explorer

Set Internet Explorer to prevent Windows from blocking communication with the robot controller. The
procedures are almost the same for Window 7, Windows Vista and Windows XP, so screenshots of
Windows 7 are used in the explanation below.
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1 Inthe Control Panel window, open [Internet Options].

Trusted Sites

1  Select the [Security] tab.

General | seaurity | Privacy | Cantent | Comnections | Programs | Advanced |

Home page
l/? To create home page tabs, type each address on its own line.
“n http://go.microsoft.com/fwlink/7Linkld=69157]

Use qurrent Use default Use blark

71 Delete temparary fles, history, caokies, saved passwrds,
¥ and web form information.

Browsing history

[] Delete browsing history on exit

Search
p Change search defaults.

Tabs

Change how webpages are displayed in

 — tabs.

Appearance

[ coors | [ Lenguages | [ Fonts | [ Accessbity |

P

Security | Privacy | Content | Connections | Programs | Advanced

Select a zone to view or change security settings.

@ & v O

Internet  Localintranet FSeelley Restricted
sites

e
This zone contains websites that you

frust not to damage your computer or
your files.

Security level for this zone
Allowed levels for this zone: Al
Medium
~Prompts befare donnloading petentially unsafe
= content

-Unsigned ActiveX controls will not be downloaded

|| Enable Protected Mode (requires restarting Internet Explorer)
Custom level... Default level

Reset all zones to default level

2 Select [Trusted Site], and then click the [Sites] button.

A~ w

1 Tuea s =)

You can add and remave websites from this zone. All websites in
this zone will use the zone's security settings.

Add this website to the zone:
10184633 Add

Websites:

Remove

[¥] Require server verification (https:) for all sites in this zone

Close

Uncheck the [Require server verification (https:) for all the sites in this zone] box.
In the [Add this Web site to the zone] textbox, enter the IP address of the robot controller (or the last
digit of the IP address can be replaced by *). Then, click the [Add] button.

5  Click the [Close] button to close the dialog box.
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Popup Blockers

1 Select the [Privacy] tab.

General [ Seaurity | Privacy | Content | Connections [ Programs [ Advanced |

Settings

% | Selecta setting for the Internet zone.
! Medium

~Blocks third-party cookies that do nat have a compact
privacy policy
~Blocks third-party cookies that save information that can
£ | beused to contact you without your expicit consent
~Restricts first-party cookies that save information that
can be used to contact you without your implicit consent

[ otes ][ mpot | [ Adyanced | | Default
Pop-up Blocker
Prevent mast pop-up windows from
appearing.
I L
Turn on Pop-up Blocker
InPrivate

£ [CIDe not collect data for use by Inprivate Fitering

SD'\;?thle toolbars and extensions when InPrivate Browsing

o

2 Click the [Settings] button of [Pop-up Blocker].

3

the [Add] button.
4

(8™ Pop-up Blocker Setting

Exceptions

Pop-ups are currertly blocked. You can allow pop-ups from specific
2 !| websites by adding the site to the list below.

Address of website to allow.

10.18.46.33 Add
Alowed stes
| Remove
Remove al
Notfications and blocking level
Play @ sound when a pop-up is blacked
7] Show Information Bar when 2 pop-up is blocked
Blocking leve!:
[Medium: Block most automatic pop-ups |

Leam more shout Pop-up Blocker

Click the [Close] button to close the dialog box.
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Proxy Setting

1  Select the [Connections] tab.

General | Seaurity | Privacy | Content | Connections | programs [ Advanced |

;'g To set up an Internet connection, dick
Setup.

Dial-up and Virtual Private Network settings

Add...
Add VEN...
Remove...
Choose Settings if you need to configure a proxy Settings
server for a connection.
@ Never dial a connection
Dial whenever a network connection is not present
Always dial my default connection
Set default

Local Area Network (LAN) settings

LAN Settings do not apply to dial-up connectins. LAN settings

Choose Settings above for dial-up settings

2 Click the [LAN Settings] button.

Automatic configuration

‘Automatic configuration may override manual settings. To ensure the
use of manual settings, disable automatic configuraton.

[¥]automatically detect settingsi

[ Use automatic configuration script

Proxy server

[ Y2 @ proxy server for your LAN (These settings wil not apply to
dial-up or VPN connections).

Address:  190.0.26.136 Port: 8080

[#]Bypass proxy server for local addresses

3 When the [Use a proxy server for your LAN] check box is not checked, proceed to the step 7.
When it is checked, perform the steps 4 to 6.
4 Click the [Advanced...] button of [Proxy server].

o o1

4| Proxy Settings X,

Servers

B Type Proxy address to use Part

‘@%
HTTP: 190.0.26.136 ¢ 8080
Secwe: [ 190.0.26.136 : [Bos0
FTP: 190.0.26.136 : | BOSO
Socks:

[7] Use the same proxy server for all protocols

Exceptions

| W= Donotuse proxy server for addresses beginning with:

G=

L 10.18.46.9
Use semicolons {; ) to separate entries.
& =

Enter the IP address of the robot controller in the text box under [Exceptions].
Click the [Close] button to close the dialog box.

7  Click the [OK] button to close the Internet property page.
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3.3.8 Modifying Setting of Windows Firewall

Modify the settings of Windows Firewall to prevent Windows Firewall from blocking communication
with the robot controller.

Windows 7

1  Inthe Control Panel window, open [Windows Firewall].

e QJ [ » ControlPanel » System and Security » Windows Firewall s

Control Panel Home . . . @
Help protect your computer with Windows Firewall

Allow a program or feature

> | Windows Firewall can help prevent hackers or malicious software from gaining access to your computer
through Windaws Firewall

through the Intemet or a network.

) Change notification settings How does a firewall help protect my computer?

B Tum Windows Firewall on or What are network locations?
off = -
B Restore defautts l @ Home or work (private) networks Not Connected (v)
Advanced sett 2 .
@) Advanced settings l l@ Public networks Connected (~) I

Troubleshoot my network

Netwarks in public places such as airports or coffee shops

Windows Firewall state: on
Incoming connections: Block all connections to programs that are not on the
list of allowed programs
i
Active public networks: = Network 2
Notification state: Notify me when Windows Firewall blocks 2 new
program

See also
Action Center

Netwark and Sharing Center

2 Click [Allow a program or feature through Windows Firewall].

Allow programs to communicate through Windows Firewall

To add, change, or remove allowed programs and ports, click Change settings.

What are the risks of allowing a program to communicate? %) Change settings
Allowed programs and features:

Name Home/Work (Private)  Public
O Secure Socket Tunneling Protocol [m] O
CISNMP Trap a [}
OWindows Collaboration Computer Name Registration Service m} m}
O Windows Firewall Remote Management a [}
[1Windows Management Instrumentation (WMI) ] m}
[1Windows Media Player m} m}
[1Windows Media Player Network Sharing Service [} [}
[Windows Media Player Metwork Sharing Service (Internet) m} O [
O Wwindows Peer to Peer Collaboratien Foundation [m] o |
[ Windows Remote Management u] o |
O] Wireless Portable Devices a [}

c.
¥

%,
i
8
"

Allow another program...
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3 Click the [Change settings] button.
sadsprogron I e

Select the program you want to add, or cick Brawse to find one thatis not
fisted, and then click OK.

Programs:

7, Create a System Repair Disc
[~ Internet Explorer ‘
| (@ nternet Explorer (54-bit)

&} windows DVD Maker

E)Windows Fax and Scan

I | € windows Media Center

ol Windows Remote Assistance
A XPS Viewer

Path: Cr\Program Fies (x86)\internet Explorer exp

What are the risks of unblocking a program?

Yau can chaese which netwark lacation types to add this program to.

Wetwork location types... add | [ concel |

3 Select [Internet Explorer] in the list, and click the [Add] button.
4 Click the [OK] button to close the window.

TIP
Communication with the robot controller might be prevented due to a cause

other than the above, which is, for example, a Microsoft® Internet Explorer
add-on or security software installed in your PC. If an error occurs during
teaching of iRVision, see Subsection 11.2.1, "PC UIF Troubles" first.

Windows XP, Windows Vista

1  Inthe Control Panel window, open [Windows Firewall].
2 Click the [Exceptions] tab.

= Windows Firewall [gl
General| Exceptions | Advanced |
‘windows Firewall iz turned of . f'our computer iz at risk of attacks and intrusions

from outside sources such as the Intermet, YWWe recommend that you click the
General tab and select On.

PFrograms and Services:

Group Palicy -

clion Manager

| Development Environment [[=]
| D Merge No

I DVYT Intellect 1.1 User Interface Applic..  No
| FAMUC Offline RPC Server No
FAMUC Offline RPC Server No
FANLIC Robat Communications Server No

| File Transfer Program [
| MIFRONTEED No
| R frnhntennenls Mn
[ AddPogam. | [ AddPat. |[  Ede. ][ Delete

Dizplay & notification when Windows Firewall blocks a program

‘wéhat ars the risks of allowing exceptions?
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3 Click the [Add Program] button.

Add a Program E|

To allow communications with a program by adding it to the Exceptions list.
select the program, or click Browse to search for ane that is not listed.
Programs:
| B IrstalShizld Log File Viewer A~
| Iﬁlnle\hcam
| & Intemet Backgammon
| @) Intemet Checkers

Internet Explorer

| ¥ Interet Hearts
| €9 Intenet Reversi

4 Internet Spades

N ifariview 3,95
| B9 JBuilder Integration Configuration
| License Manager

v

Path: |C \Prn;gram Files\Internet Exﬁlnrer\\ex&lnre EXEE

4 Select [Internet Explorer] from the list, then click the [OK] button.

5  Click the [OK] button.

"= Windows Firewall

General | Exceptions | Advanced

Windows Firewall is turned off. Y'our computer is at risk of attacks and intrusions
from autside sources such as the Intemet. YWe recommend that wou click the
General kab and select On.

PErograms and Services:

| Mame Group Policy ~
frrobatconsole No

| B FRVitual Module No

| [ FRvinual Module No

| B FRVitual Module Na

| O IntellectE mulator Mo

B riemet Explorer

|

|

| © Remate Assistance Mo

|

LM Srnler SuhSustern den LiL et |
[ Add Program... I [ Add Port.... ] [ Edit. ] [ LDelete

Display a potification when "Windows Firewall blocks a program

Wwéhat are the risks of allowing exceptions?

TIP

Communication with the robot controller might be prevented due to a cause
other than the above, which is, for example, a Microsoft® Internet Explorer
add-on or security software installed in your PC.
teaching of iRVision, see Subsection 11.2.1, "PC UIF Troubles" first.

If an error occurs during

3.3.9 Installing Vision UIF Controls

You must install Vision UIF Controls on your PC in order to display the iRVision user interface. You

can install Vision UIF Controls from the robot controller.
Internet Explorer versions, screenshots of Internet Explorer 9 are used in the explanation below.

Procedures are almost the same for various

1  Start Internet Explorer, and enter the IP address or host name of the robot controller in [Address] to
display the homepage of the robot.
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2

WEB SERVER FA & ROBOT
FANUC e Fomoo FANUC

File Name: FRS.DEFAULT.STM
Date: 11/08/15 Time: 17:49:26

n

CONTACT INFORMATION
(Sales/Parts/Service)

FANUC Ltd.
FANUC Robotics America, Inc. (800-47-ROBOT)
FANUC Robotics Europe

iRVision

Vision Setup
Vision Log
Vision Runtime

CURRENT ROBOT STATUS

Summary Configuration/Status
Error Listing

Crirrant Drnnram Céatas

Click [Vision Setup] in the iRVision section.

If Vision UIF Controls are already installed in the PC used, the Vision Setup Page opens.

If Vision UIF Controls are not installed in the PC, the following screen appears:

2 http://10.18.46.33/7_page=VSSETHTM&: vnum= - 10.18.46.33 - iRVision - Setup Main - Windows Intemet Explore

R r

. e

Installing Vision UIF Controls from robot.
‘When prompted, please click 'Run’.

Copying files
Please wait...
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3 After a while, the following dialog appears.

[ & hitpy//10.18.46.33/7_page=VSSELHTM&. vnum= - 10.18.46.33 - iRVision - Setup WL‘?'@'Q‘
Installing Vision UIF Controls from robot.

‘When prompted, please click "Run’.

Copying files
Please wait...

Do you want to run or save VISCTRLS.EXE (3.68 MB) from 10.18.46.337 Run Save = Cancel

4 Clicking the [Run] button.
5  After a while, the following dialog appears.

Installing Vision UIF Controls from robot.

‘When prompted, please click 'Run’.

| Operation timed out.
I After installing the Vision UIF Controls, close all Internet Explorer windows |
and try the link again. I

You may need to restart your PC.

g9 The publsherof VISCTRLS.EXE couldn' b verfed.Are you sue you want o un the program?

Run View downloads
Learn more

6  Click the [Run] button.
7 Inthe case of Windows Vista and Windows 7, the following dialog box appears.

— N
) User Account Control [

O Do you want to allow the following program from an
/" unknown publisher to make changes to this computer?

! Program name:  VisCtrls.exe
Publisher: Unknown
File origin: Hard drive on this computer
"\i"‘ Show details Yes

Change when these notifications appear

8  Click the [Yes] button.
9 Installation of Vision UIF Controls starts.
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-
FANUC VisionPCControls - InstaliShield Wizard ==

Sep St m

FANUIC VisianPCControls Setup is performing the requested operations.

10 When the installation is completed, all Internet Explorer windows are closed.

11 Start Internet Explorer again, and open the homepage of the robot.

12 In the case of Internet Explorer 9, the following message will appear when you start Internet
Explorer. Close the message by clicking the [X] button.

Your last browsing session closed unexpectedly. Restore session

13 In the case of Internet Explorer 8, the following dialog box will appear when you start Internet
Explorer. Click the [Go to your home page].

Windows Internet ExplurerA g

Your last browsing session closed unexpectedly

< Restore your last session
Reopens all tabs that were open when your browser
closed.

2 Go to your home page
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A  BASIC OPERATIONS

This chapter describes the basic operations for using iRVision.

4.1 ROBOT HOMEPAGE

Setting up iRVision is done using a PC connected to the robot controller over an Ethernet network. First,
display the robot homepage by following the steps below.

1.  Click the [Start] button on the PC screen, and start Internet Explorer.
2. Enter the IP address or the host name of the robot controller in [Address].

.
& ROBOT (robot) Homaﬁe - Windows Intenet Explorer =

£ http://127.0.0.1:9000/

i Favorites  © 5 ] Web Slice Gallery =

{& ROBOT (robot) Homepage i~ v [ dm v Pagew Sofetyv Tooksv @~

WEB SERVER

FAN U C Hosmau{e: ROBOT __FASROBOT
Robatics Robot Ne: FO0000 FAN UC

File Name: FRS:DEFAULT.STM
Date: 11/07/28 Time: 13:44:04

CONTACT INFORMATION
(Sales/Parts/Service)

FANUC Ltd.
FANUC Robotics America, Inc. (800-47-ROBO
! FANUC Robotics Europe

iRVision®

Vision Setup
Vision Log
Vision Runtime
Vision Data Files

“iRVision® is a registered trademark of FANUC LTD.

/ Trusted sites | Protected Mods: Off A v ®00% ~
|| S

The robot homepage is not dedicated to iRVision but also is provided for every robot controller. When
the robot controller has the iRVision option, the following three links for iRVision appear on the
homepage of the robot:

Vision Setup
Performs iRVision setup and testing.
For details, see Section 4.2, “VISION SEUTP”.

Vision Log
Displays the execution log of iRVision.
For details, see Section 4.3, “VISION LOG”.

Vision Runtime

Displays the run-time monitor of iRVision.
For details, see Section 4.4, “VISION RUN-TIME”.

-26 -



B-82774EN/04 4.BASIC OPERATIONS

4.2 VISION SETUP

When [Vision Setup] is clicked on the homepage of the robot, the following window opens:

[ g /719005 87 - 190,058 - RVision - Selup Mam - Windaws Intarnat Explorar o

Camera Setup Tools

| Zammant | Zrwated | Medified
KOWA USE Camers TAALG-Z0LT 13516 24cAUG-2O1L
Brograiine Sos Samars Ta-AUS-TOLI 14ZF  4-AUG-2O1L

[FANUC iRVision® FANUGC
This is the Main Setup Page for performing iRVision setup and testing.

Navigation Links
In the yellow part on the left side of the page, the following links are shown:

Camera Setup Tool
When this item is clicked, a list of camera setup tools is displayed on the right side. For details, see
Section 4.5, “CREATING OR DELETING VISION DATA”".

Camera Calibration Tools
When this item is clicked, a list of camera calibration tools is displayed on the right side. For details,
see Section 4.5, “CREATING OR DELETING VISION DATA”.

Vision Process Tools
When this item is clicked, a list of vision processes is displayed on the right side. For details, see
Section 4.5, “CREATING OR DELETING VISION DATA”".

Application Setup Tools
When this item is clicked, a list of application setup tools is displayed on the right side. For details,
see Section 4.5, “CREATING OR DELETING VISION DATA”.

Robot Ring
When this item is clicked, a screen for setting communications between robots is displayed. For
details, see Section 4.9, SETTING UP THE ROBOT RING”.

Visual Tracking
This item appears only when the visual tracking option is installed. When this item is clicked,
visual tracking setting data is listed on the right side. For details, see Chapter 13, "VISUAL
TRACKING".

Interference Setup
This item appears only when the bin picking option is installed. When this item is clicked,
interference setup data is listed on the right side. For details, see “iRVision Bin Picking
START-UP GUIDE".

227 -



4.BASIC OPERATIONS B-82774EN/04

Configuration
When this item is clicked, the configuration menu is displayed on the right side. For details, see
Section 4.10, “SYSTEM SETTING”.

Help
When this item is clicked, the online help page is displayed.
For details, see Section 4.11, “ONLINE HELP”.

Remaining free memory space
Teaching or testing vision data requires a large amount of memory. The vision data setup window of
iRVision shows the remaining amounts of temporary memory and vision memory so that you can readily
check how much memory is available. If the amount of either of these memory spaces falls below the
threshold, the color of the portion displaying the memory amount in question changes from green to
orange, and then to red. Take care so that the color does not change to orange or red. If the color
changes to orange or red, close any vision data setup window or windows that are not used.

/N\ CAUTION
The vision data setup window can be opened during production operation to tune
or change parameters. Since opening this screen requires significant memory,
however, memory for production operation may become insufficient, potentially
preventing production operation. Therefore, it is recommended that the vision
data setup window not be opened or left open during production operation.

4.3 VISION LOG

iRVision can write information about the execution of vision processes to the vision log.

4.3.1 Recording the Vision Log

By default, iRVision is configured to NOT record the vision log. To enable the vision log, please refer
to 4.10 “System Setting”.

The vision log is recorded in the memory card inserted into the MAIN board when the VISION board is
not used, or in the memory card inserted into the VISION board when the VISION board is used. If no
memory card is inserted, the vision log is not recorded even when iRVision is configured to record the
vision log. When the free space of a memory card is less than the specified value (1 Mbytes by default),
the old vision log is deleted to have enough free space to write a new vision log. iRVision can delete
only vision logs when the free space of a memory card is less than the specified value. If there is no
vision logs which can be deleted, CVIS-130 “No free disk space to log” alarm is posted and the vision log
will not be recorded. You can change the threshold of the free space of a memory card by setting the
$VISION_CFG.$LOG_LIMIT system variable. The default value is 1000000 (= 1 MByte).

NOTE
Deleting old vision logs takes time. To avoid the need to do so, it is
recommended to export vision logs to a PC or other device on a regular basis so
as to ensure that the memory card has enough free space. For information
about how to export vision logs to an external device or how to delete them, see
Section 11.1, "VISION LOG MENU".
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/\ CAUTION
If the free space of a memory card falls below the specified value as a result of
other files being written to the memory card, the vision log function will try to
delete vision logs until the free space gets larger than the specified value in the
next vision execution. In this case, it may take time before the next vision
execution can start. If there is a lot of data to be deleted. For example, storing
everything to the memory card could cause such a case. However, it will not
cause any problems if there is a backup already written to the memory card and
its size is as large as that of new backup.

NOTE
If you have vision logs recorded in a memory card with one controller and then
execute a vision process with that memory card inserted into another controller,
the vision logs recorded with the original controller may get overwritten.

4.3.2 Disabling the Vision Log

To prevent iRVision from writing the vision log even if a memory card is inserted, the vision log can be
disabled. Refer to the section 4.10, “SYSTEM SETTING” for details.

4.3.3 Logging Images

Images snapped by vision processes can be saved along with the vision log. The logged images that are
saved can be used for future troubleshooting, as well as when performing a test run of a vision process.
For information about how to run a test using logged images, see Subsection 4.12.12, "Image Playback".
Images are saved as a part of the vision log on a memory card. Whether to save images to the vision log
is specified for each vision process. In the Setup Window for a vision process, select one of the
following:

Don'’t Log
Do not save any images to the vision log.

Log Failed Images
Save images only when the vision operation fails.

Log All Images
Save all images.

When the vision log is disabled, images are not logged even if you set up the vision processes to log
images.

/A\ CAUTION
If you choose to save logged images, it can take much longer to record the
vision log. Only when [Log All Images] is necessary for a troubleshooting or
other reason, select this item. Normally, select [Don't Log] or [Log Failed
Images]. How much longer the recording of the vision log takes depends on
the type of vision process; see the section pertaining to the vision process
concerned. The speed of the memory card is also a factor. Insert a
high-speed memory card for applications where speed is crucial.
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NOTE
If you have the vision log disabled in the system variable, logged images are not

saved even when you set the vision process to save logged images.

4.3.4

Viewing the Vision Log

The v

ision log can be viewed on the setup PC.

1. Start Internet Explorer, and display the robot homepage.

2.

A ROBOT3 {robot) Homepage - Microsoft ner el Explorer

Be [ Yow Fgesdes Ioch Hep

Qe - o @ @ J

Search Favietes ) - &g

=evs | ) hkv:f'.ﬂ;xm * B !
WEB
SERVER FA & ROBOT
FANUG s oo EANUC

File Name:

FRS:DEFAULT.STM
Date: 070606 Time: 13:24:34

CONTACT INFORMATION
{Sales/Parts/Service)

FANUC Ltd.

FAMUC Robotics America, Inc. (B00-A7-ROBOT)

RVision

Vision Setup

Vision Log

Viglon Runtims

Click [Vision Log] in the iRVision section.

3 177.0.0.1 - R¥isfan - Vision Lo - Microusft Internat Frplarer

Vision Log

From the [Select Log Date] drop-down list in the upper right part of the window, select the date of
the log you want to view. If you want to view the vision logs of all available dates, select [All

Dates].

From the [Select Data] drop-down list in the upper right part of the window, select the data name of

the vision process whose log you want to view.

If you want to view the vision logs of all existing

vision processes, select [All Data]. Note that, if you select [All Dates] in [Select Log Date], [All

Data] is not available.
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5. The vision log of the selected vision process recorded on the selected date is displayed on the right
side of the window.

6. Click a line in the list on the right side of the window.

7. The list in the lower part of the window displays the detailed results of the selected execution. If
any image has been saved during that execution, the saved image is displayed in the upper left part.

4.3.5 File Configuration of the Vision Log

By default, the vision log is recorded in the folder MC:/VISION/LOG/. A sub-folder is created for each
day under the folder and the vision log and images for the day are saved in the created sub-folder. For
example,

MC:/VISION/LOG/Y08APR10/
is the sub-folder for April 10, 2008.
Under the sub-folder for each day, two types of files are saved; .VL and .PNG.

VL Logged data file
.PNG Logged image file

/\ CAUTION
If the file name, the folder name or the folder structure was changed, the
correspondence between the logged data and logged image becomes incorrect,
and eventually the file cannot be utilized. Therefore, do not change the folder
structure and file name when you copy them to another device.

4.4 VISION RUN-TIME

Execution of a vision process can be monitored on the PC or iPendant during production operation.

4.4.1 Monitoring on the PC

1.  Start Internet Explorer, and display the robot homepage.

2 ROBOT3 (1obot) Homepage - Micrasoft Inter et Fxplores EB®E
T
i

WEB
SERVER FA & ROBOT

FANUGC  wmmeronos - EANUC

File Name:
FRS:DEFAULT STM
Date: 0706/05 Tine: 13:24:34

CONTACT INFORMATION
(Sales/Parts/Service)

FANUC Ltd,
FANUC Robotice Amarica, Inc. (800-47-ROBOT)

iRVision

[Vision Setup
Vision Log
Vision Runtime

2.  Click [Vision Run-Time] in the iRVision section.
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4.4.2 Monitoring on the iPendant

1. Press MENUS on the iPendant.
2. Select [4 STATUS], and then [VISION].
3. The iPendant displays a runtime monitor screen similar to that on the PC.

Puntime Display

plerab024
......... ZIRELE
260ms
29-MAY-2008 11100138

ron Foru || prsasue | zooms |

4.5 CREATING OR DELETING VISION DATA

You can create, delete, copy, or rename vision data in the vision data list.

T 137.0.0.1 - R¥isian - Setisp Main - Microsoft Internet xplerer

Camera Setup Tools
Camery Sarms Yook -

, A=

i ~ ) Ve, Coanted ] | ssfops |

¥ canea Optess USH Camars UT-AUG-Z00RORIT  O7-AUG-3609 EHO1 "

[FANUC iRVision® FANUGC
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Information displayed in the vision data list
The vision data list shows the following items:

Name
The name of vision data is displayed. A name of up to 34 alphanumeric or one-byte katakana

characters can be set.

Comment
Any character string is indicated to provide additional information about vision data. A comment
consisting of up to 30 one-byte or 15 two-byte characters can be set.

Created
The time and date at which corresponding vision data was created for the first time is indicated.

Modified
The time and date at which corresponding vision data was modified last is indicated.

Size
The size of a vision data file in bytes is indicated.

Open
Normally this field is left blank. When the Setup Window for vision data is opened, [Window] is
indicated in this field.

TIP
If the network is disconnected during setup of vision data, setup can be resumed
as long as the controller is not turned off. Redisplay the iRVision setup page on
the PC to continue editing the vision data.

45.1 Creating New Vision Data

To create new vision data, perform the following steps.

1. Click the 2 putton.

& 137.0.0.1 - RViston - Sotup Main - Micrasaft [arnet Dxplarer

Mew Camera Satup Tool

nnnnnnn

FANMENE iRVision® FANUC

N

In [Type], select the type of the vision data you are going to create.

3. In [Name], enter the name of the vision data you are going to create. The name can be up to 34
alphanumeric characters in length.

4. Click [OK].
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4.5.2 Deleting Vision Data

To delete vision data, perform the following steps.

1. Inthe list, click the vision data to be deleted.
2. Click the X button.

3 127.0.0.1 - iRVisien - Setup Main - Micrasaft [arnet Cxplarar EE®

! Samsrn SeTasls Camera Setup Tools

Dalte CAMERALT

Wisn Web Commsls Versin

Ta s AGRT

[FANUC iRVision* FANUGC

3. Click [OK].

45.3 Copying Vision Data

To make a copy of vision data, perform the following steps.

1. Inthe list, click the vision data to be copied.
2. Click the =4 button.

3 127.0.0.1 - iRVisien - Setup Main - Micrasaft [arnet Cxplarar EE®

! Samsrn SeTasls Camera Setup Tools

Wisn Web Commsls Versin

Ta s AGRT

[FANUC iRVision® EANUGC

3. In [Name], enter the vision data name of the copy destination.
4. Click [OK].

45.4 Renaming Vision Data

To rename vision data, perform the following steps.

1. Inthe list, click the vision data of which name is to be changed.
2. Click the & button.
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& 137.0.0.1 - RViston - Sotup Main - Micrasaft [arnet Dxplarer

Camera Setup Tools

Wisn Web Commsls Versin

[FANUC iRVision® FANUG

3. In [Name], enter a new vision data name.
4. Click [OK].

4.6 VISION DATA SETUP WINDOW

To open the vision data setup window, perform the following steps.

1. From the vision data list, select the vision data to be set up.
2. Click the = button.

46.1 Common Items

Three buttons are indicated in the lower right part of the setup window for the vision data as follows:

| oo )|

Save
Saves settings made as a result of modification in the setup window.

Close
Closes the setup window.

Help
Displays the online help page of the Setup Window.
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/\ CAUTION

1 The new settings made by modifying the contents of the vision data Setup
Window are not saved until the [Save] button is clicked. If the window for the
vision data is closed without performing the save operation, the new settings
made by modification will be lost.

2 The maximum number of vision data setup windows that you can open at the
same time is limited to 5. If you try to open the 6™ setup window, an alarm
message is displayed, and the window is not opened. And, when there is not
enough memory on the controller, the new window cannot be opened even if the
number of open windows is less than 5. In such cases, close one or more of the
other windows first, and then open the new window.

3 The vision data setup window can be opened during production operation to tune
or change parameters. Since opening setup windows requires significant
memory, the memory for production operation might become insufficient,
potentially preventing production operation. Therefore, it is recommended that
the vision data setup windows not be opened or left open during production
operation.

TIP
To restore the original data after making modifications to the contents of the
Setup Window, close the window by clicking the [Close] button without clicking
the [Save] button.

4.6.2 Camera Setup Window

The setup window for a camera setup tool has the following structure:

X CAMERA1 Setup - Microsoft Internet Fxplarer
CAMERAL 1003 CAMERAL - Camera Setup
el redsiwn Saan Samera

| | Sl x|l &k @

A This area is an image display control that shows an image from the camera. For information on how
to use this control, see Subsection 4.12.4, “Image Display Control”.

B  Setting items for the camera setup tool. The setting items vary depending on the type of camera
setup tool. See Chapter 5, “CAMERA SETUP”.

4.6.3 Camera Calibration Setup Window

The setup window for the camera calibration tool has the following structure:
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3 CALIE Setup - Microsafl Internet Explorer

CALIBI - Grid Pattern Galibration

EEE

aaaaa

Clasa |[_selp |

A This area is an image display control that shows an image from the camera. For information on how

to use this control, see Subsection 4.12.4, “Image Display Control”.

B  Setting items for the camera calibration tool. The setting items vary depending on the type of camera

calibration tool. See Chapter 6, “CAMERA CALIBRATION".

4.6.4

Vision Process Setup Window

The setup window for a vision process has the following structure:

B FIND Senn

Found Results
[X]

¥
5} ]
153 514
183 a4
i D

Sl wen an
153 314 78 AT
- I

.....

yEEBReYEL B[

Ewsurnswne

A ¥
154 314 w5 ar
5 0.4 e

3 . - 100
151 514 1 3 T35 El
13 a4 4 10

FIND1 - 2-D Single Vision Process.

ratan:

Ermage Playback

000 |

182340 [mm.

A This area is an image display control that shows an image from the camera. For information on how

to use this control, see Subsection 4.12.4, “Image Display Control”.

B A tree view describing the vision process structure. When a tool is selected in the tree view, the
setting items for the tool are indicated in area C. In area D, the results of testing are indicated. For

details, see Subsection 4.12.5, “Tree View".

C This area shows the setting items for a tool selected in the tree view. For details, see Chapter 7,

“VISION PROCESS”, and Chapter 8, “COMMAND TOOL".
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D Testing by a tool selected in the tree view is made. In addition, the test results are indicated. For
details, see Chapter 7, “VISION PROCESS”, and Chapter 8, “COMMAND TOOL".

4.7 BACKING UP VISION DATA

4.7.1 Backing up Vision Data

iRVision data is saved when “All of the Above” is selected from the [Backup] function key on the FILE
menu on the teach pendant of the robot. For details, refer to the application-specific Operator’s Manual
or Setup and Operations Manual.

4.7.2 Restoring Vision Data

Vision data can be restored in two ways. One is to restore all vision data together with other robot data at
Controlled Start. The other is to restore a specific file in the FILE menu. To restore a specific file, get a
list of files with the extension VD and specify the file you want to restore. For details of the procedure,
refer to the operator's manual of the robot controller.

4.8 PASSWORD PROTECTION OF VISION DATA

Login to [Vision Setup] of iRVision can be protected by password. Password protection prevents setup
data for iRVision from being modified by unauthorized users.

TIP
Even when login to [Vision Setup] of iRVision is protected by password, the
[Vision Log] and [Vision Runtime] pages can be opened without a password.

4.8.1 Setting Password Protection

1. Press MENUS on the teach pendant.
2. Select [6 SETUP].
3. Press F1[TYPE].
4.  Select [Host Comm].
SETUP Protocols
1/9
Protocol Description
1 TCP/IP TCP/IP Detailed Setup
2 TELNET Telnet Protocol
3 SM Socket Messaging Device
4 RIPE ROS Ethernet Packets
5 Proxy Proxy Server
6 PPP Point to Point Protocol
7 PING Ping Protocol
8 HTTP HTTP Authentication
9 FTP File Transfer Protocol
[ TYPE ] DETAIL [ SHOW ]

5. Move the cursor to [HTTP] and press ENTER.
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HTTP Setup

PROTECTED RESOURGES

Name Pwrd Resource
A skkekkk kkkkkk |Pendant
A sorkokrk sokkkokk KALRE @ %
A skskokskk kkskoksksk KOL -k
U sokkxkk skxkokk VISION SETUP
A krkkok kokiokk sokkoksokstokokokdokstokskokdokkokokk
A
A skrkkok kokiokk sokkokokaokokoktokstokakookdokkokokok
A

[ TYPE ] LOCK  UNLOCK  AUTH  HELP

1/8

6. Move the cursor to the [Name] field in the [VISION SETUP] line, press ENTER, and enter a user
name that is up to six characters.

7.  Move the cursor to the [Pwrd] field in the [VISION SETUP] line, press ENTER, and enter a
password that is up to six characters.

/\ CAUTION
The characters entered as a password appear on the teach pendant immediately
after the password has been entered, but when the cursor is moved, the
displayed password is replaced by "*****" and is no longer visible.

8. Move the cursor to [U] in the [VISION SETUP] line, and press F4 [AUTH].

When [Vision Setup] of iRVision is clicked on the homepage of the robot when password protection is
enabled, a dialog as shown below appears, asking the user to enter a user name and password. If a correct
user name and password are entered, the iRVision setup page is displayed. If an incorrect user name or
password is entered, the login to the setup page is rejected.

Connect to localhost

=
Al

WISION SETLP
User name:; L 5] w
Password:

[C1Remember my passwaord

Reference: The leftmost character on the HT TP authentication screen indicates the following state:
U:UNLOCK Enables login without a password.

L:LOCK Disables login regardless of the password.

A:AUTH Enables login if a password is entered.

4.8.2 Canceling a Password

1. Onthe HTTP authentication screen, move the cursor to [A] in the [VISION SETUP] line, and press
F3 [UNLOCK].
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4.9 SETTING UP ROBOT RING

In iRVision, when a camera is mounted on another robot, or when the target workpiece for tool offset
operation is gripped by another robot, inter-robot communication is performed to acquire information
about the robot position. Robot Ring is the function for inter-robot communication via Ethernet.
Although Robot Ring is not a function of iRVision, iRVision provides the setup page to setup Robot Ring
easily.

/A\ CAUTION
Robot Ring requires that software version of all controllers that participate in the
ring are the same.

If you want to know about details about Robot Ring, see “12 ROS INTERFACE PACKET OVER
ETHERNET (RIPE)” in “R-30iA/R-30iA Mate CONTROLLER Ethernet Function OPERATOR’S
MANUAL”. The Ethernet Function manual provides another procedure to setup Robot Ring. The
setup procedure in this manual is an simplified version of it. Because operating both at the same time
can confuse you, please use either one.

Setting Up Robot Ring
1. On the robot homepage, click [Vision Setup] of iRVision.
2. Click [Robot Ring]. A robot list is displayed on the right side.

3 robot2 - iR¥ision - Setup Main - Microsoft Internet Explorer: g@@
Robot Ring )
-]‘ ‘ ‘ ‘@‘@‘9‘ Timeslot: 1000 |
Wame | 1P Address [ srars [ updite [ version [
Vision Web Contrals Version: FANUc ¥ 2 ® FA & ROBOT
e Rl iRVision FANUC
3. Clickthe JI button.
3 robot2 - iR¥ision - Setup Main - Microsoft Infernet Explorer: Q@@
! Camers Setup Tools New Robot
N robatl
1P Address: 172.22.194.24
Wigion Web Caw/a\s Version: FANUC 7 . @ FA & ROBOT
V7.50P/01
ol iRVision FANUC

4.  Enter the name of the robot in [Name].
5. Enter the IP address of the robot in [IP address].
6. Click [OK]. A robot list is re-displayed.
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Robot Ring

BE b ECAE ‘

1P Address

[ stsrus

Narn
Frobort

1722219424

Pending

FANUC

Wision Web Controls Version;
VT.50P/01
Robelics

FA&ROBOT

iRVision® FANUC

7. Atthis time, [*] appears in the [Update] field. This means that the robot list is present on the PC only
and is not yet transferred to the robot controller.

Repeat steps 3 to 6 to add all robots to the list.

Be sure to add also the robot, on which iRVision resides, to the list.

3 pderob024 - iRVision - Setup Main - Microsoft Internet Explorer

L] Camera Setup Tasls i (g
JE X s Tl 1000 |
- Hame [ 1P Address | status | Updste | version
?mbvﬂ 1722219424 Pending %
\-O Vision Process Tools ?mbvﬂ 172:22.194.26 Pending  *
% Application Setup Tools
ﬁ RobotRing
9 w
Visian Web Contrals Versian: oA FAdROBOT
VTS0R/0L FANUC 'RV ®
Robofics 1 Ision FANUC

9.

Check that all robots among which communication is to be performed have been added to the list.

10. Move the cursor to one of the robots in the list, and click the @i (Upload to robot) button.

‘3 iRVision - Upload to Robat - Microsoft Internet Ceplorer

Found existing FRS rosipfg. xml:

-r1.0m7s

Mew XML file:

<7eml versior
<R0S IPCFGH
RODOTRING Sount="2" timeslot==1000%:
<MEMBER name="reberi® ipadd=®
<MENDER name="rcboci® ipadde=*
< ROBOTR NG
</ ROSIFCFG>

LI LEEY

iRvision - Upload to Robot

172.22.194.24"/>
172.22.194. 26"/ >

Temea | s

11. Click [Next].

-41 -



4.BASIC OPERATIONS

B-82774EN/04

Upload lo Robol - Microsofl Infernel Explorer

B iRVision

iRVision - Upload to Robot

FRS rosipefg.xml successhully created on robot Robotl
MOTE: This file must be uploaded to all robots in the ring.

&ll rebots then require a cycle power to take effect.

| Saneed || Fisish

12. Click [Finish]. Check that [*] in the [Update] field of the robot disappears in the robot list.

2 pderob024 - R¥ision - Setup Main - Wicrosoft Internet Explorer

4 Setup Tools

BE N AE]

Robot Ring

[ 1P Address

3 Calibration Tools

Name
G obont
T b2

% Application Setup Tools

ﬁ Robot Ring

172,22,194.26
172.22.194.24

Wision Web Controls Yersion:
v7.50p/01

uc
Robolics

iRVision®

FA & ROBOT

FANUC

13.
14.

Similarly, transfer the robot list to every robot in the list.
Check that [*] disappears for all robots.

15. Log out of [Vision Setup] of iRVision.
16. Turn all robots off then back on.
17. Again, log in to [Vision Setup] of iRVision, and open the [Robot Ring] setup page.
3 robot2 - iR¥ision - Setup Main - Microsoft Internet Explorer
Robot Rin:
] Camera Setup Tools J‘J‘X‘E,J@@f" g Timeslors| 1000 |
T e e
?vnhntz 172.22.194.24 Onli V7.50R/03
s [FANUC iRVision® FANUG

18. Check that [Online] appears in the [State] field of all robots.

TIP

then back on.

When a modification such as addition, deletion, or renaming of a robot is made
after setting of robot ring is completed, [*] is displayed in the [Update] field of all
robots. In this case, transfer the list to all robots again, then turn the robots off
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4.10 SYSTEM SETTING

On the iRVision configuration screen, the system variables related to iRVision can be set.

2 pderob024 - R¥ision - Setup Hain - Wicrosoft Internet Explorer fEx
Configuration

&4 Runtime Display: [ ] Enables pan, zoom, center, and crosshair controls within Internex Explorer,
visphy [ lobally disables all untime display.

O ispla ad of a perod forthe decimal separtr.

HCAVISIOMLOGY
FRi\

Yision Web Gantrols Version: FA& ROBOT

e FANUC iRVision® FANUC

Advanced Runtime Display
When this item is checked, an image on the runtime monitor can be enlarged or scrolled. However, it
takes more time to update the screen of the runtime monitor. By default, it is not checked.

Disable Runtime Display
When this item is checked, the system does not perform any processing related to the runtime monitor
and the runtime monitor does not display any information. Network traffic as well as the time required
for vision processing is reduced. By default, it is not checked.

Decimal Comma
When this item is checked, a comma (,) is used in place of a period (.) as a decimal point. This item is
provided for use in Europe. By default, it is not checked.

Disable Logging
When this item is checked, the system does not perform any processing related to saving of the vision log
or logged images. The time required for vision processing is reduced. By default, it is checked. To
enable the vision log, check it off.

Log Path
This item is used to specify the destination folder of the vision log or logged images. The default value is
MC:/VISION/LOG for MAIN board, or MCV:/VISION/LOG for VISION board.

Data Path
This item is used to specify the destination folder of vision data. This folder is read-only and cannot be
changed.

Position Difference

Normally, iRVision displays the found position on the runtime display. When this item is checked,
iRVision displays the position difference, instead of the found position. Note that the position
difference that is displayed on the runtime display is different from the offset stored in the vision register.
The offset value stored in the vision register is mathematically correct data intended to be used to actually
offset the robot motion but is difficult for the human operator to understand at a glance. The position
difference value displayed on the runtime display is processed data that is made easy for the human
operator to comprehend. It allows the amount of offset of the target object to be grasped more
intuitively.
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/\ CAUTION

If you perform robot position offset by writing the position difference value

displayed on the runtime display to the vision register or position register, the
robot position will not be offset correctly.

4.11 ONLINE HELP

When the iRVision online help option is ordered, the iRVision online help can be viewed from the setup
PC. To open the iRVision online help, use one of the following methods.

4.11.1 Displaying the Online Help from the Main Setup Page

On the main setup page of iRVision, a link to [Help] is provided on the left side of the page as follows:

A localhost - IRVision - Selup Main - Microsoft lnternet Explares
E - ~ Vision Process Tools

Lamers tivkep Tools "

)3l ]|

TP I [commare [ sdiiad T snlce
Eid ® FInDL D Singla=Vinw isies P OT-3UN-2007 £0:14  OT-JUN-200T 10:14 azr
"0 islon racars Taals
E Aaplicaies Sewwe Teals
ﬁ EokacRing
9
Vision wal b Cantruly Varsion:

V1.3058

[FANUC iRVision FANUG

1. When the [Help] link is clicked, the following help contents page is displayed.

A iRVision

Help for Setup Vision Process Tools - Microsoll Internet Explorer

o Back

Vision Process Tools
That page containt help for Vision Pracess Tocls
Pane Descriptions

There are four panes o the Vimen Process Tocls Screen

3 ROBOTZ - WViskon - Setup Main - Microsoft Internet Explorer

Vision Process Tools

2. Click the link to the item to view on the contents page.

4.11.2 Displaying the Online Help from Vision Data Setup Window

The [Help] button is displayed in the lower right part of the setup window for vision data as shown below.
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3 FIND Setup - Microsaft Internet Explorer

O
[ et Search Win.
Enanis [ Edit RT Hask

o 0 -
o 10a »

v

H 004

3 Y

H Blot Cvirything o

|5 ﬁ: ff-l‘ ‘2‘: :’J “‘*‘I Ik Dlspley Made rmags * Rasuls -

7 T 73 i B awr Anghe e Benats Image: 5 Ratas Imags |

" w11 =45 i i Fu 5

] s (1] 73 i 4

w o P s i m - [fave [ closa [ Help |

1. When the [Help] button is clicked in the Setup Window, the help page for the tool currently being
set up is displayed.

2 iRVision - Help for Geometric Pattern Match Tool - Microsoft Internet Explarer

@ Back

Geometric Pattern Match Tool
Thas page contains help for Geometne Pattern Match Taal
Pane Descriptions

There are four pases in this screen

« Vision Image Pane See Vision Inage Pane Halp
» Vision Teols Pane See Visien Tools Pane Help
= Geometric Pattern Match Pane

» Found Rendee Pane

Geometric Pattern Match Pane

Geometric Pattern Match Tool
Tanch Puttem

4.12 FREQUENTLY-USED OPERATIONS

This section describes operations frequently used during iRVision setup.

4.12.1 Text Box

In a text box, a value or character string is entered.

Exposure Time: ms.
1.  Click a text box with the mouse.
2. Enter a value or character string by using the keyboard.

3. Press the Enter key.
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4.12.2 Drop-Down List

An item is selected from options.

Camera Type: SOMNY HC-56 W

1.  Click a drop-down box with the mouse.
2. From the displayed options, select a desired item.

4.12.3 List View

A list view is a table for displaying found results and other data.

| Rowe | Column | Scote | Contrast| Fit Err,

1 2E0.8 202.2 100.0 103.7 051
2 249.7 30,0 1000 120.2 175
2 0 374.2 1000 5

4 3508 280.3 1000 102.0 A7
£ 49,9 3681 1000 1274 ]

1. When a column header of the table is clicked, the table contents are sorted by the values of the
column.
2. When a row of a table is clicked, the clicked line is highlighted.

4.12.4 Image Display Control

An image is displayed.
CAMERAL (row=134,c0/=511,9=50) WUU%

ilis) « | | x|o@a 3@ L %
d —

Displaying a live image
A live image from the camera is displayed. This is used when making camera and lens adjustments.

1. To start displaying the live image, click the 8 putton (green).
2. To stop displaying the live image, click the ¥ button (red).

/\ CAUTION
While the live image is being displayed, no other operation can be performed.
Before another operation can be performed, the live image display must be
stopped.
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Snapping an image
One image is snapped from the camera.

1. Clickthe ™ putton (red).

Turning the lasers of the 3D laser sensor ON or OFF
The laser of the three-dimensional laser sensor is turned on or off.

1. Click the * button.
2. When the button is clicked again, the laser is turned off.

TIP

The laser button is only enabled in the setup window for vision data related to
the three-dimensional laser sensor.

Saving an image to afile

An image currently displayed in the image display control is saved to a memory card in the robot
controller or the hard disk of the setup PC.

Images are saved in the PNG format. PNG formatted images can be viewed using Windows Picture and
Fax Viewer.

1. Click the ® button. The following dialog is displayed:

Save Image File
Connection
" Local PC {* Robot

Robot Mame:

UserMame: q
Disconnect

Pazzword: |

Status:
COMMECTED

Folders

MC:
= YISO
& LOG

File Path:
MCAWISIOMLO G default.png

Save what? |Image anly ﬂ

Ok | Cancel

As the destination device, select [Local] or [Remote].

Select the destination drive in [Drive].

Select the destination folder in [Folder].

Enter the file name of the destination in [File name].

In [Image to save], select [Image only] or [Image+Grahpics].
Click the [OK] button.

No ook own
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/\ CAUTION
If [Image+Graphics] is specified in [Image to save], the image snapped by the
camera is synthesized with graphics and saved as one image in a file. This
image is useful for purposes such as a record of found results, but cannot be
used for find tests.

Loading an image file
An image file in a memory card of the robot controller or on the hard disk of the setup PC is loaded. After
it is loaded, the image can be used for vision process setup and testing. Files of 8-bit/pixel gray-scale
images in the BMP or PNG format can be loaded.

1. Clickthe = button. The following dialog is displayed:

Open Image File

Connec tian
" Local PC * Robot

serMame: [ :
eeeeee Disconnect

Status:
CONMECTED

Crives Image Files

_IMS. PNG
UG, PG

File Path:

MCDERUGPHG

=14 | Cancel |
2. If you need to insert a memory card or USB device, do so now, then select [Local] or [Remote].
3. Select the drive that contains the image file in [Drive].
4.  Select the folder that contains the image file in [Folder].
5. Select [Image file].
6. Click the [OK] button. The loaded image file appears in the image display control.
TIP

Depending on the settings for a vision process, testing sometimes cannot be
performed just with an image loaded from an image file (for example, when
additional information is required, such as the robot position when a
robot-mounted camera is used or laser images when a three-dimensional laser
sensor is used). In this case, an alarm indicating that testing is impossible is
issued. To test such a vision process, use logged images. For details, see
Subsection 4.12.12, “Image Playback”.

Zoom an image In or Out
A displayed image is enlarged (zoomed-in) or reduced (zoomed-out).

1. To select enlarge mode, click the @ putton.
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2. To select reduce mode, click the & putton.
3. Toenlarge or reduce the image, click anywhere in the image.

Scrolling an image
When an image cannot fit in the display area, scroll bars are displayed on the image.

1. Press and hold the left mouse button on the scroll bar displayed on the right side or at the bottom of
the image and move the bar vertically or horizontally.

4.12.5 Tree View

The tree view indicates the hierarchical structure of vision processes.

Vision Tools

RIEEREEY

2-D Single-Yiew Vision Process

ﬂ Histagram Tool 1
<>1 Conditional Execution Toal 1
[ &P Locator Taal 2

In the above figure, for example, the 2D single-view vision process includes two GPM locator tools.
Under the GPM Locator Tool 1, one histogram tool and one conditional execution tool is present.
Elements that make up a vision process, such as the GPM locator tools, histogram tool, and conditional
execution tool are called command tools.

When a vision process is executed, its command tools are executed sequentially from the top, and finally
the vision process calculates offset data.

The measurement window of a command tool such as the Histogram 1 that is placed under the GPM
Locator Tool 1 is shifted and rotated dynamically according to the position of the found workpiece by the
GPM Locator Tool 1.

One of the tools displayed in the tree view is always highlighted. It is the tool currently selected in the
setup window, and setting and testing can be performed for this tool.

The color of each tool displayed in the tree view indicates the setup status of the tool. When a tool is
displayed in green, setup is already completed for the tool. When a tool is displayed in red, at least one
item remains that needs to be set up for that tool. When all tools of a vision process are displayed in green,
the vision process is regarded as having been completely set up.

Selecting a tool
Select the tool to be set up.

1. Click the icon of a tool in the tree view.
2. The clicked tool is highlighted, and the corresponding setting page and test page are displayed.

Adding atool
A new command tool is added to a vision process.

1. Select a parent tool (one level higher) under which a new tool is to be inserted.
2. Clickthe I button.
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New Vision Command Tool

Type: Histogram Tool hd

Mame: Histagram Tool 2

3. In[Type], select the type of the command tool to be inserted.
4. In[Name], enter the name of the command tool to be inserted.
5.  Click [OK].

Deleting a tool
A command tool is deleted from a vision process.

1.  Select the command tool to be deleted by clicking it.
2. Click the % button.

Vision Tools

Delete Histogram Tool 17

3. Click [OK].

/A\ CAUTION
After a command tool is deleted, it cannot be restored. If a command tool is
deleted by mistake, close the window without saving the vision process, then

open the setup window for the vision process again to start over using the
original vision data.

Copying atool
A copy of a command tool in a vision process is made.

1.  Select the command tool to be copied by clicking the tool.
2. Clickthe 4 button.

Vision Tools

Copy Histagram Tool 1

Hame: Histogram Toal 2

3. Click [OK].
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Renaming a tool
The name of a command tool in a vision process is changed.

1. Select the tool to be renamed by clicking the tool.
2. Click the title of the tool.

Vision Tools
o x| 8]

2-D Single-Yiew Vision Process
= E GPM Locator Tool 1

MW= o
< Canditional Execution Tool 1
E GPM Locatar Toaol 2

3. Type a new tool name.
4.  Press the Enter key.

TIP
The name of the top-level tool (the vision process) is also shown in the comment
field of that vision process in the main vision process list page.

Changing the order of a tool
The order of a command tool is changed to change the execution sequence.

1. Select a command tool of which order is to be changed by clicking the tool.
2. To move the command tool upward, click ﬂ.
3.  To move the command tool downward, click ﬂ.

TIP
It is not possible to change the level of a command tool in the tree hierarchy.

4.12.6 Tab

When setting items cannot fit in a window, the screen display is changed by using tabs.

Data Foints

Camerat CAMERAL % Trained
Exposure Time: 33,333 \ms
Robot to be offzet: JGroup |1 W

Application Frame: Uszer Frame: |0 %

In the above example, there are three tabs, [Setup], [Data] and [Points], and the dark-colored tab, which is
[Setup], is currently selected. To switch to another tab, click a light-colored tab.

4.12.7 Setting Points

Positions such as the model origin are set on an image graphically.

1. When the button for setting a point is clicked in the setup window for a tool, the display of the image
display control changes as follows:
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CAME (row=2,c0l=35,9=32) 11008

) - | sil[x feye (3 el | =

Click 'OK' to accept edits, 'Cancel' to discar

w

Position the mouse cursor at the red + mark and press the left button.

While holding down the left button, drag the mark to a desired position.

To complete the setting, click [OK] located in the upper right part of the window.
To stop the setting, click [Cancel] located in the upper right part of the window.

arwn

TIP
In the window for setting points, it is also possible to enlarge, reduce, and scroll
the image to make operations easy.

4.12.8 Window Setup

A window such as a search area is set graphically on the image.

1.  When the button for setting an area is clicked in the setup window for a tool, the display of the
image display control changes as follows:
CAMERA1L (row=235,col=363,g=239)  100%

imin] + | ]m] x| )& Q) & 5] 1 &

n

To move the window position, drag any position inside the red rectangle.

3. To change the window size, drag the window edges or the resize handles at the four corners of the
red rectangle.

4. To complete the setting, click [OK] located in the upper right part of the window.
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5. To stop the setting, click [Cancel] located in the upper right part of the window.

TIP
During window setup, it is also possible to enlarge, reduce, and scroll the image
to make operations easy.

Some tools such as the histogram tool and caliper tool allow you to rotate the rectangular window. In
this case, you will see an additional horizontal line from the center of the rectangular window as shown
below. You can rotate the rectangular window by dragging the square rotation handle on the right.

CAMERAL . (row=284,col=513,q=0) 1003
inin| + | e x|f= el &K 5 b

ick 'OK' to accept edits, 'Cancel' to discar

v AR T

The horizontal line can be stretched by dragging the square rotation handle toward the outside. It would
be easier to adjust the rotation angle by stretching the line longer.

CAMERA1L (row=474,col=506,9=101)  100%

i |l ofe &l &l E

4.12.9 Editing Masks

Masks are edited on the image graphically.

1. When the button for editing masks is clicked in the setup window for a tool, the display of the image
display control changes as follows:
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CAMERAL (row=34,col=504) 1003
DR e = ki
» 'Can " i :

Click 'Ok

Red Area

o=@ (L[] Tlj@ wle|w|~

TIP

1 Masked parts are filled in red. When mask editing is performed for the first time,
begin with the display where no red part is present.

2 In the window for editing masks, it is also possible to enlarge, reduce, and scroll
the image to make operations easy.

Freehand drawing
A mask is drawn freehand.

1. Click the | button.

2. By holding down the left mouse button and dragging the image, a red line is drawn as the mouse
pointer moves.

Select the thickness of the drawing pen with the = = , = or button.

4. To use an eraser, hold down the right mouse button and drag the mouse.

w

ICAMERA L (row=42,col=65)
im|in] » | 855 x| ofe 2] &)= sl =

EAEER TN TR

Drawing polygonal lines
A mask is drawn with polygonal lines.

1. Clickthe = button.
2. Click the left mouse button on the vertices of polygonal lines sequentially on the image.
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3. Double-click the last point of the polygonal lines.
4.  Select the thickness of the drawing pen with the = j, or ™ button.
5. Touse an eraser, hold down the right mouse button and drag the mouse.

CAMERA1L

il - | W el a3 e

o=@ NLLLI [@m|efn[~

Drawing a circle or ellipse
A filled circle or ellipse is drawn.

1. Click the ® button.

2. On the image, hold down the left mouse button and drag the mouse from the center of an ellipse
toward the outside.

3. Toerase an ellipse, hold down the right mouse button and drag the mouse.

CAMERAL (row=7,col=53)  #00%

|| + | (=] x|ofR Q) R BiL] o

Click 'OK

draw, RIGHT button to erase.

[0 [%|@ WIL|I @1 o]w|~

Drawing a rectangle
A filled rectangle is drawn.

1. Clickthe =/ button.

2. On the image, hold down the left mouse button and drag the mouse from the upper left vertex of a
rectangle to the lower right vertex.

3. To erase arectangle, hold down the right mouse button and drag the mouse.
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CAMERAL (row=22,col=58) 8003

i | se r|ojgal @ e i

Click 'Ok

lo[w|B@ TUL|I [@ W[e v/~

Filling in a closed area
An enclosed area is filled.

1. Click the #/| button,
2. Move the mouse to a position in the area to be filled on the image, and click the left button.
CAMERAL (row=43,col=64)  800%

i - | ) 2[R 2 @ |

Click 'OK' 1o acc

OB WL 3[m[e |~

TIP
If the clicked area is not completely enclosed by a red line, the entire image is
filled. So, when drawing freehand or with polygonal lines, make sure that the
contour line is connected properly.

Filling the entire image
The entire image is filled.

1. Click the button.

Clearing all
The state in which there is no filled area is restored.

1. Click the bl button.
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Undoing
The most recently performed operation is canceled to restore the previous state.

1. Click the 2! button.

Ending editing
Mask editing is ended.

1. To complete editing, click [OK] in the upper right part.
2. To stop editing, click [Cancel] in the upper right part.

4.12.10 Setting an Exposure Mode

Most vision processes, except some vision processes such as visual tracking, support image snap
functions called automatic exposure and multi-exposure as well as usual image snapping where a
specified exposure time is used. Vision processes use the same user interface to set an exposure mode.

Exposure Mode; Firned %

Exposure Time: 20,000 | ms. E]E]

Mumber of Exposures; 1™,

Exposure Mode
Select an exposure mode.

Fixed
Always uses a specified exposure time for image snapping.

Auto
Automatically selects an exposure time for image snapping according to the brightness of the
surrounding environment that changes from time to time. By saving a reference image in advance,
an appropriate exposure time is selected so that the snapped image has the same brightness as that of
the reference image.

Exposure Time
This item also called the electronic shutter speed. When [Fixed] is specified in [Exposure Mode], specify
an exposure time. When [Auto] is specified in [Exposure Mode], this item cannot be modified, and the
exposure time selected by software when the latest image was snapped is shown.

Auto Exposure Area
Specify the photometric area for automatic exposure. The image displayed when the photometric area is
set is used as the reference image for automatic exposure.

Perform the following steps to set the photometric area:

Set [Fixed] in [Exposure Mode].

Adjust the exposure time to obtain appropriate brightness for the image.

Set [Auto] in [Exposure Mode].

Click the [Train] button in [Auto Exposure Area] to set the photometric area. For the operation
method, see Subsection 4.12.8, “Window Setup”.

el NS
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5. If there is any area to be ignored in the photometric area, click the [Mask] button to mask the area to
be ignored. For information on how to set a mask, see Subsection 4.12.9, “Editing Masks".

TIP

1 In[Auto Exposure Mode], a completely white or black area of the image cannot
be specified. Set an area in intermediate gray shades as the photometric area.

2 Areas that show large changes in brightness are not appropriate for [Auto
Exposure Area]. For example, in an area that might contain a workpiece, it is
impossible to make stable measurements because the visible brightness
changes largely depending on whether the workpiece is present or not. Choose
a background area instead.

Auto Exposure Adjust
Fine adjustments can be made for automatic exposure to obtain slightly brighter or darker images than the
set reference image. A value from -5 to +5 can be selected. As the value increases in the positive direction,
snapped images become brighter, and as the value decreases in the negative direction, snapped images
become darker.

Number of Exposure
The multi-exposure function snaps multiple images by changing exposure time and combines them to
generate an image with a wide dynamic range. Specify the number of images to be snapped.
A value from 1 to 6 can be specified. As more images are snapped, a wider dynamic range results, but a
longer time is required for image shapping.

Multi Exposure Area
Specify the photometric area used for multi-exposure. Image synthesis is performed based on the
brightness in the photometric area.

To set the photometric area, click the [Train] button to set a window. For information on how to set a
window, see Subsection 4.12.8, “Window Setup”.

When the photometric area includes an area of which brightness is to be ignored, click the [Mask] button
to mask the area to be ignored. For information on how to set a mask, see Subsection 4.12.9, “Editing
Masks".

Multi Exposure Mode
Select a method for image synthesis in multi-exposure.

Deviation
The standard deviation of the image brightness in the photometric area is calculated, and synthesis is
performed so that slight halation occurs in the image. This is the default setting.

Maximum
Synthesis is performed so that no halation occurs in the image in the photometric area. If halation
occurs at even one point in the photometric area, the other part becomes relatively dark.

Average

Synthesis is performed simply averaging the gray level of pixels. This method can provide the
widest dynamic range but might make the entire image darker.
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4.12.11 Sorting

Some vision processes support a function for sorting detected targets based on the specified value. The
operation of the sort function is common to the vision processes.

Sortby:

1. Select atool level used as the key to sort in the upper drop-down list.
2. Select a measurement value used as the key to sort in the lower-left drop-down list.
3. Select an order of sort in the lower-right drop-down list.

The following items are provided for the upper drop-down list.

Vision Process Level
Targets are sorted based on a value such as X, Y, or Z which are calculated by the vision process.

Parent Command Tool Level
Targets are sorted based on a measurement value such as Vt, Hz, the size, or the score of the parent
locator tool.

Child Command Tool Level
Targets are sorted based on a measurement value of the child tool, such as histogram or length
measurement, placed under the locator tool.

When found results are to be sorted by the measurement results of a child tool added to a locator tool,
such as a histogram, the child tool must be placed as the first child tool. In the configuration shown below,
for example, when sorting by the results of Histogram 2 is to be performed, change the order of
Histogram 1 and Histogram 2.

-5 2-0r Single-iew Wision Process

= E GPM Lacatar Toal 1
ﬂ Hiztagram Toaol 1
ﬂ Hiztogram Toaol 2

When there are multiple locator tools, and sorting by the results of child tools of the locator tools is to be
performed, the results of the child tools can be used as the sorting key only when the first child tools of all
locator tools are of the same type. In case of (a) below, for example, sorting by histogram results is
possible; in case of (b), however, sorting by histogram results and length measurement results is not
permitted.

-5 2-D Single-Yiaw Yision Process

2-D Single-iew Vizion Process
- LE| GPM Locator Tool 1 = E GPM Locator Taol 1
@ Histogram Toal 1 @ Hiztagram Toaol 1
= E GPM Locator Tool 2 = E GPM Locatar Taol 2
@ Histagram Toal 2 %ﬂ Caliper Taol 1
(@) (b)

Some types of vision processes allows you to sort found results with the following methods. To use the
following methods, select [Vision Process Level] for the first dropdown box.

Shortest Path
The shortest path sorting method sorts the found results to minimize the total (X, Y) distance
traveled to send the robot to each result in sequence along a continuous path. If the robot has a
multi-pick gripper that can pick up all of the parts, and if the parts are to be picked up with only (X,
Y) offsets, this sorting option will minimize the length of the robot path.
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Shortest Path Theta
The shortest path Theta sorting method sorts the found results to minimize the total (X, Y, Theta)
distance traveled to send the robot to each result in sequence along a continuous path. The angle
Theta is scaled such that a rotation of 180 degrees is equivalent to an (X, Y) displacement from the
top left corner of the image to the bottom right corner of the image. If the robot has a multi-pick
gripper that can pick up all of the parts, and if the parts are to be picked up with (X, Y) and rotation
offsets, this sorting option will minimize the length and wrist rotation of the robot path.

4.12.12 Image Playback

Images logged during production operation can be used to test and adjust location parameters. When
location parameters have been changed, for example, this function is useful to use past images to check
for any problem.

When the camera is mounted on a robot, both the image and the robot’s position are logged, so it is
possible to reproduce the situation in which production operation was performed including the position
data of the robot.

For information on how to save logged images, see Section 4.3, “VISION LOG”.

Below are the steps for image playback,

1. In the drop-down box at the lower-left of the vision program setup window, change [Shap] to
[Logged Image].

A pderab0?24 - iRVisian

FIND1 Setup - Micrasoft Internet Fxplorer
Vision Toals

FIND1 - 2-D Single Vision Process
B Traine

Camars Salibratien: CALGRID

Image Lagging Hadw
Eeth

| AMATI w000 g HMAY 00 v Jed0 e A 4 N E Mk

Ffaran

| x| ¥ | Rel | Mkl | Swes | Conrwm|  FmEm| 0
1 ] N 1 1w E 03z o
= s .t T " o

i m i 1 o 0y 0528
+ ad wa BE 1 1000 L 042

2. The test execution buttons are changed as shown below.
[Log v | |zamaraoms v oo w o zsmarzons w2400 w || 1|f13}«| i| L] | l| H| » |»I|
A B C

A These drop-down boxes are used to narrow down a time period over which the desired logged
images were saved. When the logged image mode is entered first, all logged images that can be
used with the vision process are selected. To process the images recorded over a certain time
period, specify the desired time period. In the above example, the images saved from 00:00 to
24:00 on May 29, 2008 are selected.
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B  This section indicates the total number of logged images currently selected (the number of logged
images saved over the period indicated by A) and the ordinal number of the logged image currently
displayed. In the above example, the number of images saved from 00:00 to 24:00 on May 29,
2008 is 13 and the first image of them is currently displayed. A value of 0 indicates that no logged
image is displayed.

These buttons are used for test execution.

Loads the first image to perform detection.

Repeatedly loads the previous image to performed detection.

Loads the previous image to perform detection.

Stops continuous detection. In the stop state, this button performs detection of the image.
Loads the next logged image to perform detection.

Repeatedly loads the next image to performed detection.

Loads the last image to perform detection.

EEEEE=EE ©

The desired image can be loaded directly by entering the corresponding number in the text box for an
image number in addition to using the above buttons.

The time when the logged image currently displayed was snapped is indicated to the upper-left of the
image as shown below.

Log : 20-MAY-2008 16:06:22

N

L
i

)8

S

To finish test execution with logged images, change [Logged Image] to [Snap] in the drop-down box on
the left side.

TIP
Even in image playback mode with logged images, it is possible to change
parameters or perform a detection test after moving to the setup page for the
GPM locator tool for example.

/\ CAUTION
In image playback mode with logged images, the live button, snap button, laser
button, image save button, and image load button at the upper-left of the screen
are disabled.
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5 CAMERA SETUP

This chapter describes how to set up camera setup tools.

5.1 PROGRESSIVE SCAN CAMERA

When the progressive scan camera window is opened, the following screen is displayed:

T CAMERAT Setup - Microsoft Internet Fxplarer
| CAMERA L

i + | il »eja/al &3 @

50 -

| 50— TSR
QURRRERERRARRARUNNARRREE

__ =

Comment
A comment added to vision data. Up to 30 one-byte characters or up to 15 two-byte characters can be
entered as a comment.

Port Number
Select the port number of the port to which the camera is connected. When a multiplexer is not connected,
only port 1 can be selected. When a multiplexer is connected, port 1 to 4 or port 1 to 8, which depends on
the type of the multiplexer, can be specified.

Camera Type
Select the type of the camera connected.
At present, only [SONY XC-56] can be selected.

Default Exposure Time
Set the exposure time to be applied when camera images are snapped using this window.

Mode
Select a camera mode (image size) from the following:

VGA
Snap an image with a standard resolution mode. The acquired image size is 512x480 pixels (in the
case of VISION board, 640x480 pixels).

QVGA
Snap an image with a low resolution mode. The acquired image size is 256x240 pixels (in the case
of VISION board, 320x240 pixels). This mode is useful when you want to put the processing
speed before the accuracy.
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/A\ CAUTION
When you changed this Mode, you need to re-calibrate cameras and retrain
locator tools, and so on.

Robot Mounted Camera
Check this check box when the camera is mounted on the robot end of arm tooling.

Robot Holding the Camera
When a robot-mounted camera is used, set the robot that is holding the camera.

Camera Parameters
The internal specifications of the selected camera are indicated.

5.2 KOWA CCU

When a camera is connected to a KOWA camera control unit (CCU), select [KOWA CCU] as the type of
vision data.

5.2.1 SETTING A COMMUNICATION PORT

R-30iA controller communicates with CCU using the RS-232-C interface (port 2, JD17).

Main CPUPCB
JD17 CCu

Camera

JRLG [ :-

Communication ports are set with the following steps.

Press the MENUS key on the TP to display the screen menu.
Select [6 SETUP].

Press F1 [TYPE] to display the screen change menu.

Select [Port Init] to see the port selection screen.

A OWN PP

pusy  (WSsep NETEN NFatuic

OIN 100%
- 10| meos ||| TEST LINE 0 T2 apcrTED [N

SETUP Port Init
1/2
Connector Port Comment

1 amsis Re-zsz-c e2. (CEOEITINEE)

2 JD17 RS-232-C P3:[KCL/CRT

[ TYPE ] | DETAIL |
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5

6

7

Move the cursor to the lien of [JD17], then press F3 [DETAIL] to see the port setting screen.

Busy Brep Hold Fault
v 170 f— Ioye TEST LINE 0 T2 AECORTED [jshiiy 100%

JD17 RS-232-C P3: 1/5
1 Device fkcr/crr )
2 Speed(Baud rate) [9600 ]
3 Parity bit [None ]
4 Stop bit [1bit ]
5 Time out value(sec) [ 0]

[ TYFE ] | | LIST | [CHOICE] | |

Move the cursor to the line of [Device] and press F4 [CHOICE], then select [KOWA CCU].

Busy step Hold | Fault

Bun I/0 rrod [N

JD17 RS-232-C P3:

1 Device [
2 Speed(Baud rate)

3 Parity bit

4 Stop bit

5 Time out value(sec)

TEST LINE O T2 ABORTED 100%

SETUP Port Init

1/5

1

[38400]
[None ]
[1bit ]
[ 0]

[ TYFE ] | LIST

[CHOICE]

Cycle power of the R-30iA controller.
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5.2.2 SETUP WINDOW (COMMON)

When the [KOWA CCU] setup window is opened, the following screen is displayed.

3 Robot - iRVision — GAMERA Setup — Microsoft Internet Explorer 9i=1E3]

C 5
ECEEEINE RS % e amera Senre
: kowacew |
%ﬂ ccu

-

Status

If this vision data is correctly set up, [Trained] is displayed in green. If there is any untrained or invalid
item, [Not Trained] is displayed in red.

Comment

A comment added to vision data. Up to 30 one-byte characters or up to 15 two-byte characters can be
entered as a comment.

Port Number
Select the port number of the port to which the CCU is connected. Usually, only port 1 can be selected.

CCU Channel

Up to four cameras can be connected to one CCU. Select the channel number of CCU to which the
camera is connected.

Camera Type
The type of the connected camera is displayed.

Default Exposure Time
Set the exposure time for capturing images in this window.

/A CAUTION

1 For a color camera, color extraction parameters are calculated using this
exposure time. So, you must set the same value to the exposure time of the
vision process in order to use this color extraction image.

2 You must re-train the color extraction parameters when the exposure time is
changed.
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Robot Mounted Camera
Check this check box when the camera is mounted on the robot end of arm tool.

Robot Holding the Camera
When a robot-mounted camera is used, set the robot that is holding the camera.

Camera Parameters
The internal specifications of the selected camera are indicated.

5.2.3 COLOR CAMERA

With a color camera, you can detect a target using the color information of the target. Specifically, the
color camera extracts a specified color of a target and generates a gray-scale image showing the specified
color in white. From this image, existing image processing functions like GPM locator tool and Blob
locator tool can be used to detect a target. Color camera is set with the following steps.

5.2.3.1 SETUP WINDOW

When selecting the CCU channel number to which a color camera is connected, the following screen is
displayed.

7} Robot — iRVision — CAMERA Setup — Microsoft Internet Explorer
CARERH Camera Setup

2| | ]l k[ ® R R[] e ] o Trned

KOWA SC310M

i

Ao0zB-0303-k150 (I ite Balance:
FANUC LTD MADE IN JAPAN | r[ too] 6f o] B 1m

Color Extraction Parameters

Base Colon:
Mask: Enable []
Adiustment; Center Radius
Intznzity: [ w0l [ zoo][-)]
a0 [l
e e

Mistogram brigheness: | T[]

Saturation:

-

=

Use Strobo
Check this check box when a stroboscopic light is used.

Gain
Change this value to adjust the brightness of an image. The image becomes brighter when this value is
increased, and the image becomes darker when this value is decreased. But the image becomes noisy
when this value is increased too much.  The default value is 8.

/N CAUTION
You must re-train the color extraction parameters when the gain is changed.
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Gamma
From the drop-down list, select a gamma value to be used. The dynamic range of an image becomes
larger (dark areas become brighter and bright areas become darker) when this value is increased. But the
resolution of color is declined when this value is increased. The default value is 1.

/A\ CAUTION
You must re-train the color extraction parameters when the gamma is changed.

White Balance
Adjust the proportion of RGB gains to capture a white object as white pixels on an image. Put a white
object in the field of view and click [Set] button to set a rectangle on the white target, then the proportion
of RGB gains is calculated. At this time, the rectangle must not include any colors except white.
When the [Reset] button is clicked, the proportion of RGB gains is set to the default value. The image
becomes reddish when the R gain is increased, the image becomes greenish when the G gain is increased,
the image becomes bluish when the B gain is increased. The default value is (1.0:1.0:1.0).

/\ CAUTION
You must re-train the color extraction parameters when the white balance is
changed.

Output Gray
Check this check box to use a color camera as a gray-scale camera.

Color Extraction Parameters

Base Color
Click the [Set] button to set the rectangle on an area of the color to be extracted. When the base
color is trained, it is displayed on the left side of the [Set] button.

Mask
Click the [Edit] button to mask colors other than the color to be extracted. When the [Enable]
check box is unchecked, the mask is ignored.

Adjustment
Adjust the color extraction ranges (the position and size of white ellipses which are displayed on the
histogram images).

Intensity
Adjust the intensity range of the color extraction. The center position and radius of the ellipse
can be adjusted along the intensity axis (the magenta axis on the histogram image).

Saturation
Adjust the saturation range of the color extraction. The center position and radius of the
ellipse can be adjusted along the saturation axis (the green axis on the histogram image).

Hue

Adjust the hue range of the color extraction. The center position and radius of the ellipse can
be adjusted along the hue axis (the cyan axis on the histogram image).
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Image Display Mode

Select the image display mode from the following items.

Color
Display a color image.

Gray
Display a gray-scale image.

Result

Display a color extract image (image in which the specified color is displayed brightly).

Histogram

Display how the specified color is distributed in the intensity/saturation/hue space (the color space).

Histogram (All)

Display how all colors of the image are distributed in the color space.

Histogram (Trained)

Display how all colors in the trained area are distributed in the color space.

This mode is enabled only after training the base color.

Histogram brightness

Adjust the brightness (intensity) of a histogram only when one of three histogram modes is selected.

5.2.3.2 TRAINING SETUP

Hare is an example of the training procedure.

<} Robot — iRVision - GAMERA Setup — Microsoft Internet Explorer
CAMERA

i - | ] a3 el ]

A
COMPACT

PC CARD ADAPTER (|

A02B-0303-K150 [IMN
FANUC LTD MADE IN JAPAN |
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When you want to extract the yellow area (the label), train color extraction parameters with the following

steps.

1  Click the [Set] button of [Base Color] and enclose the target color to be extracted within the red
rectangle that appears.

A Robot - iRVision - GAMERA Setup — Microsoft Internet Explorer

Sl slEy e @ e L

Click 'OK' to accept edits, 'Cancal’ to discard, oK _

A02B-0308-K150
FANUC LTD MADE IN JAPAN

Camera Setup

Sratus:
Comment:

Part Mumber:

GGU channels

Camera Typet

Defsult Expasure Time:

Robot-Mounted Camera:

Gamera Parameters
Image Size:

Yertical Spacing:
Aspect Ratio:

Winimum Exposure Time:

Use Strobo:
Gain:
Gamma:

Whire Balance:

Cutput Gray:

Base Colon
Mazk:
Adiustment;

Intensity:

Image Display Mode:

Histogram brightness:

Maximum Exposure Time:

Color Extraction Parameters

Mot Trained

KOWA CCU

1

1 v

KOWA SC310M
33,333 ms

O

480 1 512 pinels
5,400 microns
1.00000
0,100 ms
200,000 ms

Enaste [
GCenter Radius

el
wJd
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Color

hd
e

2  Click the [OK] button on the upper right of the image display, then the average color in the specified
rectangle is set to [Base Color].

’5 Robot — iRYision - CAMERA Setup — Microsoft Internet Explorer

CAMERA

o -k R |/ ]

Status:

Comment:

Part Mumber:

ccU channel:

Gamera Type:

Default Exposure Time!

Robot-Mounted Camera:

Camars Paramaters
Image Sizer

Vertical Spacing:

Aspact Ratio:

Use Strobo
Gain:
Gamma:

white Balance:

Cutput Gray:

Bazs Color
Mask:
Adiustment:

Intensity:

Image Display Mode:

Histegram brightness:

Camera Setup

Minimum Exposure Time:

Waximum Exposure Time:

Color Extraction Parameters

Trained

KOWA CCU

1w

1 e

KOWA SC310M
32,332 ms

O

480 1 512 pinels

6,400 microns

1.00000
0,100 ms
200,000 m=
0
8,000
1.0 v
R 100 G 100 B 1.00
0
Enable []
Center

wJE
I
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Histagram(Trained) %

e
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3 Change [Image Display Mode] to [Result]. You can see that the area trained as [Base Color] and
its neighborhood are extracted clearly but the left side of the label is not extracted clearly.

A Robot - iRVision - GAMERA Setup — Microsoft Internet Explorer

CARERH Camera Setup

i | Sk QR @] 8 L

|| srarus:

Comment:
Part Mumber:
GGU channels
Camera Typet
Defsult Expasure Time:

Robot-Mounted Camera:

Gamera Parameters
Image Size:
Yertical Spacing:
Aspect Ratio:
Winimum Exposure Time:

Maximum Exposure Time:

Use Strobo:
Gain:
Gamma:

Whire Balance:

Cutput Gray:

Base Colon
Mazk:
Adiustment;

Intensity:

Image Display Mode:

Histogram brightness:

Color Extraction Parameters

Trained

KOWA CCU

1

1 v

KOWA SC310M
33,333 ms

O

480 1 512 pinels
5,400 microns
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0,100 ms
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O

2,000
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O
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w0 [-J[+] v [+
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Result v

e

4  Change [Image Display Mode] to [Histogram]. You can see that the label color, indicated by a
white blob in the center of each coordinate, is distributed widely along the intensity axis (the

magenta axis).

— GAMERA Setup — Microsoft Internet Explorer
CALERA) Camera Setup

s | oy oo 2
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CAMERA

i - | % e 3 el

iRVision -~ CAMERA Setup — Microsoft Internet Explorer

|| srarus:

Comment:
Part Mumber:
GGU channels
Camera Typet
Defsult Expasure Time:

Robot-Mounted Camera:

Gamera Parameters
Image Size:

Yertical Spacing:

Image Display Mode:

Histogram brightness:

Camera Setup

Aspect Ratio: 1.00000
Minimum Exposure Time: 0,100 s
Masimum Exposure Time: 200,000 ms
Use Strobo: O
Gain: .00
Gammas 10 ¥
white Balance: Set
r{  1oo] ¢ 1o B 100
Qutput Gray: O
Color Extraction Parameters
Base Colon: et
Mask: Enable []
Adiustment; Center Radius
Intensity: 0.0 E] 638 E]

Increase [Radius] of [Intensity] to enclose the distribution of the label color.

Trained

KOWA CCU

1

1 v

KOWA SC310M
33,333 ms

O

480 1 512 pinels

6,400 microns

ETIB|
4[]

v

Histagram

e

6
clearly.

Change [Image Display Mode] to [Result].

You can see that the

icrosoft Internet Explorer

s | oy oo 2

Status:
Comment:

Part Mumber:

ccU channel:

Gamera Type:

Default Exposure Time!

Robot-Mounted Camera:

Camars Paramaters
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Gamma:
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Cutput Gray:

Bazs Color
Mask:
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Intensity:

Image Display Mode:

Histegram brightness:

Camera Setup

Minimum Exposure Time:

Waximum Exposure Time:

Color Extraction Parameters

whole label area is extracted

Trained

KOWA CCU
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Click the [Save] button to save the current settings.
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5.2.4 HIGH RESOLUTION CAMERA

With a high resolution camera, you can detect or inspect a target with a higher resolution.

5.2.4.1 SETUP WINDOW

When selecting a CCU channel number to which a high-resolution camera is connected, the following
screen is displayed.

3 Robot -~ iRVision — GAMERA Setup ~ Microsoft Internet Explorer =3
JEAMERS < Camera Setup
imji | Sl K|S & 6 Toanad
: Kowa Ccu
= ol ul ar: 1™
1 -
KOWA SC130C
[ samfms
O
This Controller | ¥, aroup[1
960 x 1024 pinels
6,700 microns
1.00000
0,100 ms
200,000 s
Save Help

Mode
Select a camera mode (image size) from the following:

SXGA
Snap an image with a high-resolution mode. The acquired image size is 1024x960 pixels (in the

case of VISION board, 1280x960 pixels).

VGA
Snap an image with a standard resolution mode. The acquired image size is 512x480 pixels (in the
case of VISION board, 640x480 pixels). This mode is useful when you want to put the processing
speed before the accuracy.

/N\ CAUTION
When you changed this Mode, you need to re-calibrate cameras and retrain
locator tools, and so on.
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5.3 OPTEON USB CAMERA

The Opteon USB camera is used when the iRVision function is used on ROBOGUIDE. When the Opteon
USB camera window is opened, the following screen is displayed:

T OPTEONT Setup - Microsoll Infernel Explorer

Comment

A comment added to vision data. Up to 30 one-byte characters or up to 15 two-byte characters can be
entered as a comment.

Serial Number
Select a camera from a list of the USB cameras currently connected to the PC.

/N\ CAUTION
Connect USB cameras before starting ROBOGUIDE.

Exposure Time
Set the exposure time to be applied when camera images are snapped using this window.

Robot Mounted Camera
Check this check box when the camera is mounted on the root end of arm tooling.

Robot holding the Camera
When a robot-mounted camera is used, set the robot that is holding the camera.

Camera Parameters
The internal specifications of the selected camera are indicated.
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KOWA USB CAMERA

The Kowa USB camera is used when the iRVision function is used on ROBOGUIDE. When the KOWA

USB camera window is opened, the following screen is displayed:
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Comment

Comment added to vision data. A comment of up to 30 half-size characters or 15 full-size characters
can be entered.

Serial Number

Select a camera from a list of USB cameras currently connected to the PC.
/N\ CAUTION

Connect the USB camera before starting the ROBOGUIDE.
Exposure Time

Set the exposure time used to snap a camera image on this screen.

Camera is Held by a Robot
Check this box when using a hand camera.

Robot Holding the Camera

When using a hand camera, set the robot having the camera.

Camera Parameters

These items indicate the internal specification of the selected camera.

55 CAMERA SETUP EOR IMAGE FEILES

The camera setup for image files is a camera setup that points to images in a user specified folder instead
of a camera. This camera setup displays the next image in the folder with each camera snap. This
camera setup can be used in setup or runtime.

The images the camera setup can read do not necessarily have to have been created by iRVision.

But the
camera setup for image files camera can read images in only two formats, 8-bit gray scale BMP and 8-bit
gray scale PNG.

JPEG and other image formats must be converted to 8-bit gray scale images.
Microsoft® Photo Editor or another image editing program can be used to convert the images into the
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proper format. The extension, BMP or PNG, must be in all caps. The file system will not recognize
lower case file extensions.

If using Microsoft® Photo Editor

1.  Open the image in Microsoft® Photo Editor

2. Select Save As

3. Save As Type: Windows Bitmap (*.bmp)

4. Manually type the BMP extension in all caps, the default bmp extension in lower case will not work.
5.  Select More for more save as options
6. Convert to: Gray Scale 8-Bit
7. Compression: None
8. Save

Standard versions of Microsoft® Paint do not have the ability to save images in 8-bit gray scale.

When the camera setup for image files window is opened, the following screen is displayed:

2 localhost - MVisian - FLUSEFILE Setup - Micrasoll Internet Explorer FE®
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Comment
A comment added to vision data. Up to 30 one-byte characters or up to 15 two-byte characters can be
entered as a comment.

Image File Folder
This item displays the currently selected image file folder.

Refresh List Button
The Refresh List button refreshes the file folder tree and the image file list. Use it when you change
memory cards or change the contents of a folder.

File Folder Tree
This item displays the tree of file folders on the robot. Click on a “+” character to expand a folder, “-”
to collapse it. Click on a folder name to select it.

Image File List

This item displays the list of image files in the selected folder. Click on an image file to open and
display it.
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6 CAMERA CALIBRATION

This chapter describes how to set up camera calibration tools.

6.1 GRID PATTERN CALIBRATION

The grid pattern calibration is the standard method to calibrate the camera, and can be used in many
vision applications. A fixture called the calibration grid is used to calibrate a camera. For information
about the calibration grid, see Section 12, "CALIBRATION GRID".

When the grid pattern calibration setup window is opened, the following is displayed:

3 CALE Selup - Microsll Internet Explorer

(raw=62aal=465) 1001 CALIE1 - Grid Pattern Calibration
b= B

Hat Trained

Cammann Goid Bamarn € alibrarion Tasl

Closa_|[_melp_|

Status
If the camera calibration is correctly set up, [Trained] is displayed in green. If there is any untrained or
invalid item, [Not Trained] is displayed in red.

Comment
A comment added to vision data. Up to 30 one-byte characters or up to 15 two-byte characters can be
entered as a comment.

6.1.1 Calibrating Camera

Calibrate the camera.

Camera Setup
Select the camera you want to calibrate.

Exposure Time
Set the exposure time to be applied when camera images are snapped using this window.

/A CAUTION
The value you set here will not be used during vision process runtime.

Application User Frame
Specify the robot's user frame to be used for camera calibration.
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When camera calibration is performed for the user frame 1, for example, a vision process that uses this
calibration data calculates offset data represented in the user framel. Therefore, robot motion offset is
performed based on the user frame 1.

In two-dimensional applications, the XY plane of the application user frame must be parallel to the target
workpiece plane. Examples are given below.

When the workpiece is moved horizontally:

Camera l

Camera ‘

/N CAUTION
The application user frame must be set before the camera calibration is
performed. If the application user frame is changed after calibrating the camera,
calibrate the camera again.

Grid Spacing

Set the spacing between grid points on the calibration grid to be used.

Number of Planes
Choose between 1-plane calibration and 2-plane calibration.

When a robot-mounted camera is used or when the calibration grid plate is mounted on the robot end of

arm tooling, 2-plane calibration should be selected. When a fixed camera and stationary fixture are used,
1-plane calibration should be selected.
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Calib. Grid Held by Robot
Select the installation method of the calibration grid.

No
The calibration grid is secured to a table or another place to perform calibration.

Yes
The calibration grid is mounted on the robot end of arm tooling to perform calibration.

Robot Holding Fixture
If you choose [Yes] for [Calib. Grid Held by Robot], specify the robot that is holding the calibration grid.

Calibration Grid Frame
Calibration grid frame indicates the position and orientation of the calibration grid when the camera
calibration was performed.

When the calibration grid is secured in a fixed location, its position relative to the robot base frame
should be set in a user frame area. On this screen, you select the user frame number in which the
calibration grid frame information has been set.

When the calibration grid is attached to the robot end of arm tooling, its position relative to the robot
mechanical interface frame (the robot wrist flange) should be set in a user tool area. On this screen, you
select the user tool number in which the calibration grid frame information has been set.

Detailed information on how to teach the calibration grid frame is described in Section 12.2,
"CALIBRATION GRID FRAME".

Projection
Select [Perspective].

Override Focal Distance

Usually, leave this item set to [No]. When the grid pattern is found, the focal distance will be calculated
automatically. When 2-plane calibration is performed, a value close to the nominal focal distance of the
lens is calculated. (For example, when the nominal f value of the lens used is 12 mm, 12.1 mm might be
calculated.) A correct calibration can be regarded as having been made if the calculated value is close to
the nominal value. When the calibration grid is placed to be perpendicular to the optical axis of the
camera and 1-plane calibration is performed, select [Yes] and set the value of the nominal focal distance
of the lens because theoretically it is difficult to calculate a correct focal distance.

Status of fixture position
When the calibration grid is in a fixed location, click the [Set] button. Based on the data of the specified
frames, iRVision calculates how and where the calibration grid is positioned in the application user frame,
and saves the result.

/A\ CAUTION
If the position of the calibration grid is changed, e.g., when re-calibrating the
camera, it is necessary to recalculate the fixture position by setting the user
frame again that contains the calibration grid frame and then clicking the [Set]
button to update the fixture position.

When the calibration grid is mounted on the robot end of arm tooling, this button is disabled. The
positioning information of the grid pattern is calculated and saved when you perform the next step of
finding the grid pattern.

-78 -


frobichaud
Highlight

frobichaud
Highlight


B-82774EN/04 6.CAMERA CALIBRATION

Finding the grid pattern
The grid pattern is found to calculate calibration data.

1. To capture the image of the calibration grid, click the fw (red) button.

/A\ CAUTION
The calibration grid does not have to fill the field of view, but the calibration will
be less accurate if circles of the grid pattern appear only a part in the image.
Make sure that the image is filled with circles of the grid pattern; do not care
about some of the circles appearing outside the image.

2. Click the [Find] button of [1* Plane].
3. Specify the grid range with the displayed red rectangle.

2 CALEN Setup - Microsafl Internet Explorer
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4.  Click the [OK] button.
5. When the grid pattern is found successfully, crosshairs (+) appear at the center of each of the found
circles.

2 CALIS Setup - Microsolt Internet Explorer
CALIE1 - Grid Pattern Calibration
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6. Check that blue crosshairs (+) appear in the four large circles. Also, check that green crosshairs (+)
appear in small circles. There might be one or two undetected small circles.

For 1-plane calibration, this completes the procedure for calibration.
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For 2-plane calibration, jog the robot that has the camera or the robot that has the calibration grid to
change the distance between the camera and calibration grid. Generally, move the robot by about 150 mm,
then repeat the above steps for the 2™ plane.

6.1.2 Checking Calibration Points

Check the calibration points that have been found.
If you click the [Points] tab, a page like the one shown below appears.
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The image has a green and a red crosshair at the center of each circle that has been found. The green cross
hair shows where the calibration point was found in the image, the red cross hairs shows the calculated
position of where the calibration point should be. Since green crosshairs are plotted after red crosshairs,
only a green crosshair is visible if a green and a red crosshair are plotted at the same position.

Prev, Next
Display the calibration points of the previous or next calibration plane. Use these items in the case of
2-plane calibration.

Vt, Hz
The coordinate values of the found calibration points on the image are displayed.

X, VY, Z
The coordinate values of the grid points on the calibration grid frame are displayed.

Error
The distance between the centers of the green crosshairs and red crosshairs plotted on the image is
displayed. A smaller value indicates more accurate calibration.

Deleting a calibration point
If a crosshair is displayed at a location where no grid point is present, enter the index number of that point
in the text box to the left of the [Delete] button and then click the [Delete] button. The specified point is
deleted from the list, and the calibration data is automatically recalculated.

6.1.3 Checking Calibration Data

Check the calculated calibration data.
Click the [Data] button.
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2 CALEN Setup - Microsaft Internet Explorer
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Focal Distance
The calculated focal distance of the lens is displayed. Check that the value is appropriate for the lens in
use. In the case of 1-plane calibration, if the W and P values in the [Position of Camera Relative to
Calibration Grid] section are both less than several + degrees, the focal distance cannot be measured
accurately. Therefore, in the [Setup] tab, set [Override Focal Distance] to [Yes] and enter the nominal
focal distance of the lens in use. If you enter the focal distance, the calibration data is automatically
recalculated.

Lens Distortion
The calculated lens distortion coefficient is displayed. A larger absolute value indicates greater lens
distortion. Generally, lenses with shorter focal distances are said to have greater distortion. Grid pattern
calibration returns accurate coordinates by using this calculated lens distortion when accurately
converting the image frame to the robot frame.

Image Center
The coordinates of the center of the image are displayed.

Magnification
The size of a pixel in millimeters on the grid pattern plane (1* plane in the case of 2-plane calibration) is
displayed. The value indicates how many millimeters are equivalent to a pixel. If the grid pattern plane is
not vertical to the optical axis of the camera, the magnification near the center of the image is displayed.

CCD Vertical Spacing
The physical size of a pixel of the light receiving element of the camera in use is displayed.

Aspect Ratio
The aspect ratio of a pixel of the image is displayed.

Maximum / Average Error
The average and maximum errors of all the calibration points shown in the [Points] tab table are
displayed.

Position of Camera relative to Calibration Grid
The position of the camera relative to the calibration grid frame is displayed. For grid frame setting, see
Section 12, "CALIBRATION GRID".
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Position of Calibration Grid relative to User Frame
The position of the calibration grid relative to the user frame selected in [Application Frame:] of the
[Setup] tab is displayed. It indicates the position where the calibration grid was located when the camera
was calibrated. In the case of 2-plane calibration, the calibration grid position on the 1% plane is
displayed.

Position of Robot Holding Camera
The position of the robot that was holding the camera at the time of calibration is displayed. It indicates
the position of the mechanical interface frame (the wrist flange) of the robot relative to the user frame
selected in [Application Frame:] of the [Setup] tab. The value is displayed only for a robot-mounted
camera.

6.1.4 Automatic Re-Calibration

If the position of the camera is changed or the camera is replaced for some reason after the system is put
into operation, the camera needs to be re-calibrated. In such a case, the use of automatic re-calibration
allows you to restore the camera to its proper position with ease. Since no manual operation is involved in
re-calibrating the camera, automatic re-calibration prevents the operator's mistakes and other human
errors.

Performing automatic re-calibration requires that a robot program for automatic re-calibration be taught in
advance. Shown below is a program example for carrying out 2-plane calibration with a robot mounted
camera. In P[1], the position of the robot to detect calibration plane 1 is specified. Calibration plane 2 is
100 mm higher in the Z direction than calibration plane 1. In the case of 1-plane calibration, the 21st and
subsequent lines are unnecessary.

1: UFRAME_NUM=1
2: UTOOL_NUM=1
3:J P[1] 100% FINE
4
5: PR[99]=LPOS
6: PR[99,1]=0
7: PRI[99,2]=0
8: PRI[99,4]=0
9: PRI[99,5]=0
10: PR[99,6]=0
11:
12:! Compensate backlash
13: PR[99,3]=(-5)
14:J P[1] 100% FINE OFFSET,PR[99]
15:
16:! Find plane-1
17: PR[99,3]=0
18:J P[1] 100% FINE OFFSET,PR[99]
19: VISION CAMERA_CALIB 'CALIB1' REQUEST=1
20:
21:! Find plane-2
22: PR[99,3]=100
23:J P[1] 100% FINE OFFSET,PR[99]
24: VISION CAMERA_CALIB 'CALIB1' REQUEST=2
25: END

To perform automatic re-calibration, execute the created robot program.
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/\ CAUTION

1 Automatic re-calibration does not reset the calibration grid frame. Make sure that
the calibration grid is securely fixed at the position where it was initially calibrated
and is not moved.

2 If the calibration grid is robot mounted, do not change the values of the tool
frame containing the calibration grid frame. The values of the tool frame are
referenced when the position of the calibration grid is calculated from the robot
position.

6.2 3D LASER VISION CALIBRATION

The 3DL Calibration is the method to calibrate the 3D laser vision sensor.
When 3DL calibration setup window is opened, the following is displayed.
When you use the camera in the 3D laser vision sensor for 2D application, the 3DL calibration can be

used for the 2D application. However, in such a case, the XY plane of the application frame must be
parallel to the workpiece plane. See 6.1 "GRID PATTERN CALIBRATION" for details.

3 CALE Setup - Microsall Internet Explorer

[rww=23T.001=392) 1008

Status

If the calibration data is correctly set up, [Trained] is displayed in green. If there is any untrained or
invalid item, [Not Trained] is displayed in red.

Comment

A comment added to vision data. Up to 30 one-byte characters or up to 15 two-byte characters can be
entered as a comment.

6.2.1 Calibrating Camera

Calibrate the camera.

Camera
Select the camera you want to calibrate.

Exposure Time

Set the exposure time to be applied when the grid pattern is found in this window, with a value ranging
from 0.04 to 250. The unit is ms.
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Laser Exposure Time
Set the exposure time to be applied when laser slits are found in this window, with a value ranging from
0.04 to 250. The unit is ms.

Robot to be offset
Specify the target robot position offset by setting its controller and group number.

Application Frame
Specify the number of the user frame to be used for robot position offset. Measurement results are
converted to values in the set user frame before output.

Grid Spacing
Enter the spacing between grid points on the calibration grid used. The unit is mm.

Number of Planes
Show the number of planes to be calibrated. Two planes are selected. This setting cannot be changed.

Calib. Grid Held by Robot
Select the installation status of the calibration grid. Select [No] if the calibration grid is not moved with
respect to the user frame, or select [Yes] if the calibration grid is mounted on the robot.

Robot Holding Fixture
This item is set only when [Yes] is selected in [Calib. Grid Held by Robot]. Select the robot that has the
calibration plate. In [Group], set the group number of the robot.

Calibration Grid Frame
Calibration grid frame indicates the position and orientation of the calibration grid when the camera
calibration was performed.

When the calibration grid is in a fixed location, its position relative to the robot base frame should be set
in a user frame area. On this screen, you select the user frame number in which the calibration grid frame
information has been set.

When the calibration grid is attached to the robot end of arm tooling, its position relative to the robot
mechanical interface frame (the robot wrist flange) should be set in a user tool area. On this screen, you
select the user tool number in which the calibration grid frame information has been set.

Detailed information on how to set the calibration grid frame is described in Section 12.2,
"CALIBRATION GRID FRAME".

Projection
[Perspective] is selected. This setting cannot be changed.

Override Focal Length
The focal distance of the lens used. [No] is selected. This setting cannot be changed.

Min. Laser Contrast
Set the threshold of contrast applicable when a laser point sequence is to be found. Set a value ranging
from 1 to 254. The default value is 50.
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Min. Num. Laser Points

Set the minimum number of laser points required for calibration with a value ranging from 1 to 479. The
default value is 50.

Max Line Fit Error

Set the margin to be applied when a laser point sequence is regarded as being on a calculated straight line,
with a value ranging from 0 to 10. The unit is mm and the default value is 3 mm.

Status of Fixture Position
The current setting is indicated. This item can be set only when [No] is selected in [Calib. Grid Held by
Robot]. When the [Set] button is clicked, the values in the application user frame specified in
[Application Frame] are registered as the position of the calibration grid.

/\ CAUTION
If the position of the calibration grid is changed, e.g., when re-calibrating the
camera, it is necessary to recalculate the position of the calibration grid by
setting the application user frame again that contains the calibration grid frame
and clicking the [Set] button for the position of the calibration grid.

This button is disabled when the calibration grid is robot mounted. The position information of the
calibration grid is automatically calculated and saved when the grid pattern is found.

1%t Plane, 2" Plane

The current calibration plane status is indicated. To find the grid pattern, perform the following steps with
the calibration grid mounted or fixed in the frame specified in [Calib. Grid Held by Robot].

1. Place the calibration grid at a distance of about 350 mm (550 mm when the stand off of your 3D
laser sensor is 600 mm) from the 3D laser sensor so that they face each other.

/\ CAUTION
The calibration grid does not have to fill the field of view, but the calibration will
be less accurate if circles of the grid pattern appear only a part in the image.
Make sure that the image is filled with circles of the grid pattern; do not care
about some of the circles appearing outside the image.

N

Click the [Snap and Find] button of [1* Plane].

3. Teach the search window for the grid pattern and laser point sequence so that only the grid pattern is
fit in the search window, and click the [OK] button.
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4. Check that almost all circles are found and the laser slits are found clearly. If the location is
successful, [Found] is indicated in [1* Plane].

5. Place the calibration grid at a distance of about 450 mm (650 mm when the stand off of your 3D
laser sensor is 600 mm) from the 3D laser sensor so that they face each other.

6. Click the [Snap and Find] button of [2" Plane].

7. Teach the search window for the grid pattern and laser point sequence so that only the grid pattern is
fit in the search window, and click the [OK] button.

8. Check that almost all circles are found and the laser slits are found clearly. If the location is
successful, [Found] is indicated in [2" Plane].

6.2.2 Checking Calibration Points

Check the calibration points that have been found.
When the [Points] tab is clicked, a window like the one shown below appears.

D CALI Setup - Micrisaft Intermet Exploser
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1. Check for any crosshairs that appear in a place other than the grid points.
2. If there is an incorrect point, enter the number of that point in the text box on the right of [Point
Number], then click [Delete] button.

The image has a green and a red crosshair at the center of each circle that has been found. The green cross
hair shows where the calibration point was found in the image, the red cross hairs shows the calculated
position of where the calibration point should be. Since green crosshairs are plotted after red crosshairs,
only a green crosshair is visible if a green and a red crosshair are plotted at the same position.

Prev, Next
Display the calibration points of the previous or next calibration plane. Use these items in the case of
2-plane calibration.

Vt, Hz
The coordinate values of the found calibration points on the image are displayed.

X, VY, Z
The coordinate values of the grid points on the calibration grid frame are displayed.

Error
The distance between the centers of the green crosshairs and red crosshairs plotted on the image is
displayed. A smaller value indicates more accurate calibration.
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Deleting a calibration point
If a crosshair is displayed at a location where no grid point is present, enter the index number of that point
in the text box to the left of the [Delete] button and then click the [Delete] button. The specified point is
deleted from the list, and the calibration data is automatically recalculated.

6.2.3 Checking Calibration Data

Click the [Data] tab.

D CALI Setup - Micrisaft Intirmet Exploser
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Focal Distance
The calculated focal distance of the lens is displayed. Check that the value is appropriate for the lens in
use.

Lens Distortion
The calculated lens distortion coefficient is displayed. A larger absolute value indicates greater lens
distortion. Generally, lenses with shorter focal distances are said to have greater distortion. Grid pattern
calibration returns accurate coordinates by using this calculated lens distortion when accurately
converting the image frame to the robot frame.

Image Center
The coordinates of the center of the image are displayed.

Magnification
The size of a pixel in millimeters on the grid pattern plane is displayed. The value indicates how many
millimeters are equivalent to a pixel. If the grid pattern plane is not vertical to the optical axis of the
camera, the magnification near the center of the image is displayed.

CCD Vertical Spacing
The physical size of a pixel of the light receiving element of the camera in use is displayed.

Aspect Ratio
The aspect ratio of a pixel of the image is displayed.

Maximum / Average Error
The average and maximum errors of each calibration point shown in the [Points] tab table are displayed.

Position of Camera relative to Calibration Grid
The position of the camera relative to the calibration grid frame is displayed.
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For grid frame setting, see Section 12, "CALIBRATION GRID".

Position of Calibration Grid relative to User Frame
The position of the calibration grid relative to the user frame selected in [Application Frame:] of the
[Setup] tab is displayed. It indicates the position where the calibration grid was located when the camera
was calibrated.

Position of Robot Holding Camera
The position of the robot that was holding the camera at the time of calibration is displayed. It indicates
the position of the mechanical interface frame (the wrist flange) of the robot relative to the user frame
selected in [Application Frame:] of the [Setup] tab. The value is displayed only for a robot-mounted
camera.

Camera frame relative to the robot

[Camera frame relative to the robot] on the [Data] tab indicates the position of the frame which shows the
shooting direction of the camera relative to the mechanical interface frame of the robot (the wrist flange
of the robot) when the 3D laser sensor is robot mounted. The camera frame is defined so that the origin
is located 400 mm (or 600mm; depending on the standoff of the 3D laser sensor) from the camera unit
window on the optical axis of the camera and the Z-axis is located parallel to the optical axis of the
camera. If this value is set for the user tool of the robot and a jog is performed on the basis of the user
tool, it is possible to jog the robot without changing the camera distance or to rotate the camera about the
optical axis.

Laser frame relative to the robot

[Laser frame relative to the robot] on the [Data] tab indicates the position of the frame which shows the
laser emitting direction relative to the mechanical interface frame of the robot (the wrist flange of the
robot) when the 3D laser sensor is robot mounted. This frame is defined so that the origin is located 400
mm (or 600mm; depending on the standoff of the 3D laser sensor) from the camera unit window of the
camera on the line of intersection of two slit laser beams and the Z-axis is located parallel to the line of
intersection of the two slit laser beams. If this value is set for the user tool of the robot and a jog is
performed on the basis of the user tool, it is possible to move the robot in parallel with the two slit laser
beams or to rotate the camera about the laser beams.

6.2.4 Automatic Re-Calibration

If the position of the 3D laser sensor is changed or the sensor is replaced for some reason after the system
is put into operation, the 3D laser sensor needs to be re-calibrated. In such a case, the use of automatic
re-calibration allows you to restore the sensor to its proper position with ease. Since no manual
operation is involved in re-calibrating the sensor, automatic re-calibration prevents the operator's mistakes
and other human errors.  Performing automatic re-calibration requires that a robot program for automatic
re-calibration be taught in advance. A program example is shown below. In P[1], the position of the
robot to detect calibration plane 1 is specified. Calibration plane 2 is 100 mm higher in the Z direction
than calibration plane 1.
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1: UFRAME_NUM=1
2: UTOOL_NUM=1
3:J P[1] 100% FINE
4
5: PR[99]=LPOS
6: PR[99,1]=0
7: PR[99,2]=0
8: PRI[99,4]=0
9: PR[99,5]=0
10: PR[99,6]=0
11:
12:! Compensate backlash
13: PR[99,3]=(-5)
14:J P[1] 100% FINE OFFSET,PR[99]
15:
16:! Find plane-1
17: PR[99,3]=0
18:J P[1] 100% FINE OFFSET,PR[99]
19: VISION CAMERA_CALIB 'CALIB1' REQUEST=1
20:
21:! Find plane-2
22: PR[99,3]=100
23:J P[1] 100% FINE OFFSET,PR[99]
24: VISION CAMERA_CALIB 'CALIB1' REQUEST=2
25: END

To perform automatic re-calibration, execute the created robot program.

/N\ CAUTION

1 Automatic re-calibration does not reset the calibration grid frame. Make sure that
the calibration grid is securely fixed at the position where it was initially calibrated
and is not moved.

2 If the calibration grid is robot mounted, do not change the values of the tool
frame containing the calibration grid frame. The values of the tool frame are
referenced when the position of the calibration grid is calculated from the robot
position.

6.3 ROBOT-GENERATED GRID CALIBRATION

Robot-generated grid calibration is a general-purpose camera calibration function suitable for the
calibration of a wide-view-angle camera. Selecting [Robot-Generated Grid Calibration] displays a page
like the one shown below.
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2 Hobol1 - iR¥ision - RUBOTGENERATED Selup - Microsoll Internet Explorer

RS EE I e G

ROBOTGENERATED - Robot-Generated Gric

-

CAMERAL % | Fised Camera

soam CDEE

H >, 5303 ms

By selecting an element in the tree view in the upper right, you can toggle between the robot-generated
grid calibration setting screen and the GPM locator tool setting screen.

6.3.1 Camera Calibration Tools

If you select [Robot-Generated Grid Calibration] in the tree view, and click [Setup] tab, a setting screen
will be displayed.

Camera Name
From the drop-down list, choose the camera to be calibrated. When you select a camera name, the
corresponding camera positioning state is displayed to the left of the drop-down box.

Exposure Time of Camera
Set the exposure time to make sure that the target is detected easily. This exposure time setting is used
only for calibration. For details of the individual items to be set, see Subsection 4.12.10, "Setting an
Exposure Mode".

Robot to be Offset
Specify the robot to be offset, by using a motion group number.

Application User Frame
Specify the robot's user frame to be used for camera calibration. When camera calibration is performed
for user frame 1, for example, a vision process that uses this calibration data calculates offset data
represented in user frame 1. Therefore, robot motion offset is performed based on user frame 1. In
two-dimensional applications, the XY plane of the application user frame must be parallel to the target
workpiece plane. Examples are given below.
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‘ Camera
' Camera
) .
U ﬁ \ Application
Application Z ‘-\ User Frame
User Frame X
: W

N\ @

R SRS

When the workpiece is moved horizontally When the workpiece is moved on an inclined plane

/N CAUTION

The application user frame must be set in the robot controller before the camera
calibration is performed. If the application user frame is changed after
calibrating the camera, calibrate the camera again.

Target Held By Robot

The target positioning method information necessary to calibrate the currently selected camera is

displayed. [Yes] is shown if the camera is a fixed camera], and [No] is shown if the camera is
robot-mounted].

Image Logging Mode
From the drop-down list, select whether to save images in the vision log.

Plane spacing
Enter calibration plane spacing in mm.

Start Position

Jog the robot to the measurement start position, and then click the [RECORD] button to set the
measurement start position.

TIP

In robot-generated grid calibration, all you set on the PC is the information
needed for target detection and the actual calibration is performed using the
teach pendant of the robot. For the calibration procedure using the teach
pendant, see Section 11.3, "Robot-Generated Grid Calibration”.

6.3.2 Deleting unnecessary grid points

If you select [Robot-Generated Grid Calibration] in the tree view, and click [Points] tab, a page like the
one shown below appears.
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The image has a blue crosshair plotted on each calibration point in calibration plane 1 and a purple
crosshair plotted on each calibration point in calibration plane 2, at the center of each circle that has been

found. A calibration point number is shown at the lower right of each crosshair.

A red crosshair shows

the 3D position of an individual circle that is obtained by projecting the circle onto the image by means of

the calculated calibration data.

Since blue and purple crosshairs are plotted after red crosshairs, a red

crosshair is not visible if a blue or purple crosshair and a red crosshair are plotted at the same position.

Vt, Hz

The coordinate values of the found calibration points on the image are displayed.

X, Y, Z

The coordinate values of the grid points on the user frame to be offset are displayed.

Error

The distance between the centers of the blue and purple crosshairs and the centers of the red crosshairs

plotted on the image is displayed. A smaller value indicates more accurate calibration.

Deleting a calibration point

If a crosshair is displayed at a location where no calibration point is present, select that point by clicking
it in the list or enter the index number of the point in the text box to the left of the [Delete] button, and

then click the [Delete] button.

automatically recalculated.
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6.3.3 Checking the result

If you select the [Robot-Generated Grid Calibration] in the tree view, and click the [Data] tab, a page like
the one shown below appears.

3 robot1 - iRVision - GRID Setup - Microsoft Internet Explorern
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Status
If the calibration data is correctly set up, [Trained] is displayed in green. If there is any untrained or
invalid item, [Not Trained] is displayed in red.

Focal Distance
The calculated focal distance of the lens is displayed. Check that the focal distance is within £5% of the
nominal focal distance of the lens (the value indicated in the spec sheet).

Lens Distortion
The calculated lens distortion coefficient is displayed. A larger absolute value indicates greater lens
distortion. Generally, lenses with shorter focal distances are said to have greater distortion.
Robot-generated grid calibration returns accurate coordinates by using this calculated lens distortion
when accurately converting the image frame to the robot frame.

Magnification
The size of a pixel in millimeters on calibration plane 1 is displayed. The value indicates how many
millimeters are equivalent to a pixel on the image.

Image Center
The position where the light passing through the center of the lens is projected is displayed. A typical
lens is designed so that the light passing through the center of the lens is projected at the center of the
image. Check that the image center is set to be near the center of the image.

CCD Vertical Spacing
The physical size of a pixel of the light receiving element of the camera in use is displayed.

Aspect Ratio
The aspect ratio of a pixel of the image is displayed.

-03-



6.CAMERA CALIBRATION B-82774EN/04

Maximum / Average Error
The average and maximum errors of all the calibration points shown in the [Points] tab table are
displayed.

Extent of the calibration point height
The range of the Z height of a calibration point on the user frame to be offset is displayed.

Position of Fixed Camera Relative to Application User Frame
The position of the fixed camera relative to the user frame to be offset is displayed.

6.3.4 Automatic Re-Calibration

If the position of the camera is changed or the camera is replaced for some reason after the system is put
into operation, the camera needs to be re-calibrated. In such a case, the use of automatic re-calibration
allows you to restore the camera to its proper position with ease. Since no manual operation is involved in
re-calibrating the camera, automatic re-calibration prevents the operator's mistakes and other human
errors. Robot-generated grid calibration automatically generates a calibration program. By executing
this program from the first line, you can perform re-calibration.

/A CAUTION
Automatic re-calibration does not reset the target positioning information. Make
sure that the target is securely fixed at the position where it was initially
calibrated and is not moved.

6.4 VISUAL TRACKING CALIBRATION

The visual tracking calibration is the camera calibration method dedicated to the visual tracking
application. When camera calibration of visual tracking is selected, the following is displayed:

) CALE Setup - Microsafl Internet Explorer

[row=208.cal=440) 100X

Status
If the calibration data is correctly set up, [Trained] is displayed in green. If there is any untrained or
invalid item, [Not Trained] is displayed in red.

Comment
A comment added to vision data. Up to 30 one-byte characters or up to 15 two-byte characters can be
entered as a comment.
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6.4.1 Calibrating Camera

Calibrate the camera.

Camera
Select a camera to be used.

Line
Select a Line of visual tracking to be used.
About the Lines, see Chapter 13, "VISUAL TRACKING”.

Exposure Time
Enter the shutter speed of the camera.

Grid Spacing

Enter the spacing between grid points on the calibration grid used.

Projection
Select [Perspective].

Override Focal Length
Select [Yes], and enter the focal distance of the lens used in the text box to the right.

Calibration Wizard
Perform the following steps in the wizard to perform camera calibration:

/\ CAUTION
Make sure that the tracking frame has been set before camera calibration is
performed. If the tracking frame is changed after camera calibration is
performed, camera calibration must be performed again.

1. Click the [Calibration Wizard] button with the calibration grid placed within the camera field of
view.

Microsoft Internet Explorer

2 This wizard leads vou b calibrate camera.

2

If vou can see the grid pattern on the screen, then click OK.

Cancel

2. Check that the grid pattern on the calibration grid is displayed on the screen, then click OK.
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e T2 R ' ALIE - Grid Pattern Calibration For Visual
Frtua Hae 4

..... m Camars Cabb. far Uis. Track

Save | clesa || Help |

/A\ CAUTION
The calibration grid does not have to fill the field of view, but the calibration will
be less accurate if circles of the grid pattern appear only a part in the image.
Make sure that the image is filled with circles of the grid pattern; do not care
about some of the circles appearing outside the image.

3. Enclose the grid pattern with a red rectangular window, then click OK.
N CALEE Setup - Microselt Internet Explorer
ALIIB = Grid Palr.eT l.?allbraﬁm For Visual
4. Upon completion of grid pattern location, the screen shown below is displayed.
Microsoft Internet Explorer
:) Origin poink
1. Maove the conveyer until the Fixture comes in the robot motion area, and stop.
2, Jog the robat so that the TCP comes ta the origin point, and click Ok, L
[ ok | [ Cancel ] . \ : e
5. Move the conveyor so that the calibration grid is placed in front of the robot that includes iRVision.
/A CAUTION

Be careful not to move the calibration plate.
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6. Jog the robot, touch up the origin of the calibration grid with the TCP, and click [OK].

Microsoft Internet Explorer:

9, Kaxs direction point
) )

1. Without moving the conveyer, jog the robot so that the TCP comes ko the ¥ axis direction point, and click QK.

| oK |[ Cancel ] \ -

7. Jog the robot, touch up a point in the X-axis direction on the calibration grid with the TCP, then
click [OK].

Microsoft Internet Explorer

\?) Y axis direction point
e

1. Without moving the conveyer, jog the robot so that the TCP comes to the ¥ axis direction point, and click Ok,

Cancel | _

8. Jog the robot, touch up a point in the Y-axis direction on the calibration grid with the TCP, then
click [OK].

Microsoft Internet Explorer

'f The calibration data was calculated,
L

The calibration wizard completed.

9. Click [OK].

6.4.2 Checking Calibration Points

Check the calibration points that have been found.
When the [Points] tab is clicked, a window like the one shown below appears.

FEX
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The image has a green and a red crosshair at the center of each circle that has been found. A green
crosshair shows the position of a calibration point detected from the image, and a red crosshair the 3D
position of an individual circle. These represent the positions obtained by projecting the points onto the
image by means of the calculated calibration data. Since green crosshairs are plotted after red crosshairs,
only a green crosshair is visible if a green and a red crosshair are plotted at the same position.

Vt, Hz
The coordinate values of the found calibration points on the image are displayed.

X, Y, Z
The coordinate values of the grid points on the calibration grid frame are displayed.

Error

The distance between the centers of the green crosshairs and red crosshairs plotted on the image is
displayed. A smaller value indicates more accurate calibration.

Deleting a calibration point
If a crosshair is displayed at a location where no grid point is present, enter the index number of that point
in the text box to the left of the [Delete] button and then click the [Delete] button. The specified point is
deleted from the list, and the calibration data is automatically recalculated.

6.4.3 Checking Calibration Data

Check the calculated calibration data.
Click the [Data] tab.

3 MA30 - MVisian - CALIEI Setup - Microsofl Internet Explorer
" P!
[CAMIL

L= Ve e S

rew=10eel=431.9=0) (%)
\.J_ Ha

Visual Tracking Grid Calib,

Save Hilp

Focal Distance

The calculated focal distance of the lens is displayed. Check that the value is appropriate for the lens in
use.

If the W and P values in the [Position of Camera Relative to Calibration Grid] section are both less than
several + degrees, the focal distance cannot be measured accurately. Therefore, in the [Setup] tab, set
[Override Focal Distance] to [Yes] and enter the nominal focal distance of the lens in use. If you enter
the focal distance, the calibration data is automatically recalculated.
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Lens Distortion
The calculated lens distortion coefficient is displayed. A larger absolute value indicates greater lens
distortion. Generally, lenses with shorter focal distances are said to have greater distortion. Grid pattern
calibration returns accurate coordinates by using this calculated lens distortion when accurately
converting the image frame to the robot frame.

Image Center
The coordinates of the center of the image are displayed.

Magnification
The size of a pixel in millimeters on the grid pattern plane is displayed. The value indicates how many
millimeters are equivalent to a pixel. If the grid pattern plane is not vertical to the optical axis of the
camera, the magnification near the center of the image is displayed.

CCD Vertical Spacing
The physical size of a pixel of the light receiving element of the camera in use is displayed.

Aspect Ratio
The aspect ratio of a pixel of the image is displayed.

Maximum / Average Error
The average and maximum errors of each calibration point shown in the [Points] tab table are displayed.

Position of Camera relative to Calibration Grid

The position of the camera relative to the calibration grid frame is displayed.
For grid frame setting, see Section 12, "CALIBRATION GRID".

6.5 SIMPLE 2D CALIBRATION

The simple 2D calibration is intended for compatibility with older versions.

/\ CAUTION
The simple 2D calibration has limited functionality, so it is recommended to use
the grid pattern calibration which is easer and more accurate than the simple 2D
calibration.

3 CALIY Setup - Microsolt Internet Explorer

Pasivan of Rebat Halding Camars
£ "
w

Closa_|[_selp_|
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Comment
A comment added to vision data. Up to 30 one-byte characters or up to 15 two-byte characters can be
entered as a comment.

Camera
Select the camera you want to calibrate.

Exposure Time
Set the exposure time to be applied when camera images are snapped using this window.

Application User Frame
Specify the number of a user frame.

Finding calibration points
Detect calibration points from the camera image, and set their coordinates on the image.

1. Click the @ (red) button to snap the camera image.

2 CALIY Setup - Microsolt Internet Explorer

Pasivan of Rebat Halding Camars
k: "

Save || Cless || Help |

2. Click the [Find] button for [Calibration point 1]. Enclose the first point within the displayed red

rectangle.
3 CALE Setup - Microsolt Internet Explorer
ERAL [rew=148.0ul=4T8g=207) 1D
i + | s8] k|| @@ @3] e
[ save [ close [ salp )
3. Click OK.

4.  Similarly, find the circle for [Calibration point 2].
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Touching up calibration points
Set the coordinates of the calibration points on the robot's user frame.

arwOE

Set the touchup pin on the robot end of arm tooling as the TCP.

Select the TCP.

Jog the robot and touch up the center of calibration point 1 with the TCP.
Click [Record] for calibration point 1.

Similarly, touch up calibration point 2 and record its position.

Restrictions on simple 2-D calibration
The following restrictions are imposed on simple 2-D calibration:

Set the user frame accurately so that the XY plane is parallel to the plane that the workpiece is free
to move in.

Install the camera accurately so that the optical axis is perpendicular to the XY plane of the user
frame.

The Z-axis of the user frame must be oriented to the camera.

Before calibration, set points used for calibration so that they are exactly the same in height as the
workpiece.

If the lens has a short focal distance (e.g. less than 12 mm), lens distortion adversely affects the
offset accuracy. When using a lens having a short focal distance, use grid pattern calibration.

Simple 2-D calibration is not suitable for applications that handle workpieces with different heights.
When there are workpieces with different heights, use grid pattern calibration.
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[  VISION PROCESSES

This chapter explains how to set up vision processes.

7.1 2D SINGLE VIEW VISION PROCESS

This is a vision process that detects the two-dimensional position of the workpiece with a single camera,
and offsets the robot position.

7.1.1 Setting up a Vision Process

If you select [2D Single-view Vision Process] in the tree view, a page like the one shown below appears.

R A0 DSBS - 190068 - ilWision - FINDT Sotup - Windows Internet Exploser

ilid| | ] x|o|QQ) &k s 0]

2-D Single Vision Process
et Trained

Camars T T

Found Resul L% [ % [ Rl | Pudtb | Stes | Codoui [FaEm |

..... o Rafirusce Bogition Status:  fot Sat

........

State
If all the items have been set, [Trained] is displayed in green. If there is any item yet to be set, [Not
Trained] is displayed in red.
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Camera Calibration
Select the camera calibration you want to use.

Camera Setup
The name of the camera specified for the selected camera calibration is displayed.

Setting the Exposure Time
Set the camera's exposure time to be applied when running the vision process. For detailed information
about the individual items to be set, see Subsection 4.12.10, “Setting the Exposure”.

Multi-Locator Find mode
If you have created more than one locator tool, select how to execute those tools.

Find Best
All the locator tools will be executed, and the best result will be chosen. This is effective when you
want to identify the type or put location accuracy before processing time.

Find First
The locator tools will be executed sequentially from the top. The location process will stop as soon
as the specified number of workpieces have been found. The subsequent locator tools will not be
executed. When the results are sorted by score, even if the score of a workpiece found by the locator
tool executed first is lower than that of a workpiece found by a locator tool executed subsequently,
the result of the locator tool executed first is selected.

Number to Find
Enter the maximum number of workpieces to be found per measurement. The specifiable range is 1 to
100.

Offset Mode
Select the robot position offset mode.

Fixed Frame Offset
The fixed frame offset data will be calculated.

Tool Offset
The tool offset data will be calculated.

Found Position
The found position will be output as is, instead of the offset data. This option is provided for any
required special offset mode. Do not select it under normal conditions.

Robot Holding the Part
If you have chosen [Tool Offset] for [Offset Mode], specify the robot that is holding the workpiece.

User Tool Number
If you have chosen [Tool Offset] for [Offset Mode], specify the tool frame in which you will perform the
position offset.

Image Logging Mode
Specify whether to save images to the vision log when running the vision process.

Don’t Log
Do not save any images to the vision log.
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Log Failed Images
Save images only when the vision operation fails.

Log All Images
Save all images.

/A\ CAUTION
The execution of the next vision process cannot start until the image logging
operation for the preceding vision process execution is completed. The time
required to save images depends on the type of memory card in use and is
typically between 200 and 400 milliseconds.

Sort by
Specify the sorting order to be applied when more than one workpiece has been found. For details, see
Subsection 4.12.11, “Sorting”.

Delete Duplicate Results If
The position and angle of each found result are checked to see whether the result is the same as another
result. If there are multiple found results within the specified pixels and angle, the results are assumed to
indicate the same workpiece and only the found result with the highest score is output.

Reference Data
The reference data is used to calculate offset data from the found result. The reference data mainly
consists of two types of data described below.

Part Z Height
Height of the found part of the workpiece as seen from the application user frame.

Reference Position
Position of the workpiece found when the robot position is taught. The offset data is the difference
between the actual workpiece position found when running the vision process and the reference
position.

A vision process might have more than one set of reference data. Under normal conditions, only one set
of reference data is used. However, for example, if there are two types of workpiece, each having a
different height, the vision process uses two sets of reference data because it needs to set a different part Z
height for each of the workpieces.

Ref. Data Index To Use
Choose one of the following to specify how to determine the reference data to use.

This Index
The same reference data is used to calculate the offset data.

Model ID
Different reference data is used depending on the model ID of the found workpiece. Choose this in
such cases as when there are two or more types of workpieces having different heights.

ID
If [This Index] is selected in [Ref.Data Index To Use], enter the reference data ID to use.
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Convert meas. to mm
If this is checked, child command tools will output length measurement values after converting them to
millimeters.  This function is available only when this vision process has only a single reference data.

Adding reference data
You can add reference data as follows.

1. Clickthe | button.
2. In[Model 1D], enter the model ID for which to use the reference data.

Deleting reference data
You can delete reference data as follows, if there is more than one set.

1.  Select the reference data you want to delete using the index drop-down list
2. Clickthe X button.

Part Z Height
Enter the height of the trained features on the workpiece above or below the application user frame.

Reference Position Status
If the reference position is set, [Set] is displayed in green; otherwise, [Not Set] is displayed in red.

Reference Position X,Y,R
The coordinate values of the set reference position are displayed.

Offset Limit
Specify the condition used to check whether the calculated offset value is within the specified range. By
default, [None selected] is set, in which case the offset limit check is not made. For information about
the offset limit check conditions, see Section 9.2, "OFFSET LIMIT".
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7.1.2 Running a Test

Test to check whether the tool behaves as expected.

A localhost - iRVision - FIND1 Setup - Microsoft Internet Explorer

CAMREAL
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GRID v
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Offset Mode: Fined Frame Offset &
Image Logging Mede: Leog Failed Images %
Sort by Parent Command Taol Lavel ¥
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Delete Duplicate Results It « 20.0 | pin, and < 180.0] deg.
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Referance Dats
Ind

- Lw
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Found Results % v Roll | ModelID | Seore |  Comram |  FREm
Found: 2 1 204 ET) 1233 1 e D 0728 Refere : 20.434] mm.
392 43 2 1 %65 B 1249 Refere 10639 mm.
Time to Find: 4ms,

Refere 129259 deg
Time Founds 0

Mone selected v

For

Snap and Find button
The tool snaps an image from the camera and attempts to find a workpiece.

Continuous S+F button
The tool repeats the Snap and Find operation.

Find button

The tool only attempts to find a workpiece without snapping an image. Use this function when you
want to confirm the effect of the same image with different location parameters.

Num. Found
The number of found workpieces is displayed.

Time to Find

The time the location process took is displayed in milliseconds. If you have clicked the [Shap and Find]
button, this includes both the time it took to snap the image and the time it took to process it. If you
have clicked the [Find] button, this only represents the time it took to process the image and not the time
it took to shap it.

Found Result Table
The following values are displayed.

X,Y
Coordinate values of the model origin of the found workpiece (units: mm).

- 106 -



B-82774EN/04 7.VISION PROCESSES
R

Rotation angle of the found workpiece around the Z axis (units: degrees).

Model ID
Model ID of the found workpiece.

Score
Score of the found workpiece.

Contrast
Contrast of the found workpiece.

Fit Error
Elasticity of the found workpiece (units: pixels).

7.1.3 Setting the Reference Position

Set the reference position. The offset value is calculated based on the relationship between the reference
position you set here and the found position.
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1. Open the vision process Setup Page.

Place a workpiece in the camera view for which you want to set the reference position.

3. Enter the proper Part Z Height, the height of the found edges above or below the application user
frame.

N

4.  Click the [Snap and Find] button to find the workpiece.
5. Click the [Set Ref. Pos.] button.
6. Check that [Reference Position Status] is set to [Set] and that a value is displayed for each reference

position element.

Teach the robot the position where the workpiece is when the reference position is set. Teach the
position to the robot without touching the workpiece.
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7.1.4 Overridable Parameters

This vision process has the following overridable parameters that can be overridden with Vision Override.
See 9.1 “VISION OVERRIDE” and 10.2.2.18 “OVERRIDE?” for details.

Exposure Time
Specify a number in milliseconds. If [Exposure Mode] of the vision process is set to [Auto], [Exposure
Mode] is temporarily changed to [Fixed] to use the specified exposure time when you override the
exposure time of the vision process.

Number of Exposure
Specify a number between 1 and 6.

7.2 2D MULTI-VIEW VISION PROCESS

This is a vision process that detects the two-dimensional position of the workpiece by finding multiple
features on different parts of it, and then offsets the robot position. It is effective when the workpiece is
too large for the camera to capture its entire image.

In this process, a tool called Camera View is located under the vision process. One camera view
corresponds to one measurement point.  While the standard number of camera views is two, this number
can be increased to a maximum of four.
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7.2.1 Setting up a Vision Process

If you select [2D Multi-View Vision Process] in the tree view, a window like the one shown below
appears.
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Status

If all of the items have been set, [Trained] is displayed in green. If there is any item yet to be set, [Not
Trained] is displayed in red.

Offset Mode
Select the robot position offset mode.

Fixed Frame Offset
The fixed frame offset data will be calculated.

Tool Offset
The tool offset data will be calculated.

Robot Holding the Part
If you have chosen [Tool Offset] in [Offset Mode], specify the robot holding the workpiece.

User Tool Number

If you have chosen [Tool Offset] in [Offset Mode], specify the tool frame in which you will perform robot
position offset.

Combine Error Limit
The combine error limit is the distance the found targets for each camera view move independently of
each other. The figure below shows the original found location for each of the three views as the small
black targets, and it shows the current found location for each view as the larger target. In the example
below there is a combine error, since the relationship between the three targets changed from the original
reference position find to the current find, as seen by the size and shape of the triangle changing.

If the calculated combine error limit is greater than the user specified limit, the workpiece will not be
found. Typically the a sudden increase in the combine error is due to incorrect calibration of one or
more of the camera views, or physical changes in the workpiece.
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Allowable minimum distance between measurement points. If the distance between measurement points
is shorter than the distance you specify here, an alarm is generated. This item is intended to prevent the
robot from receiving an incorrect position offset in case the same workpiece feature is incorrectly found
in multiple camera views. Under the normal conditions, the value does not need to be changed.

Image Logging Mode
Specify whether to save images to the vision log when running the vision process.

Don’t Log
Do not save any images to the vision log.

Log Failed Images
Save images only when the vision operation fails.

Log All Images
Save all images.

/A\ CAUTION
The execution of the next vision process cannot start until the image logging
operation for the preceding vision process is completed. The time required to
save images depends on the type of memory card in use and is typically
between 200 and 400 milliseconds per camera view.

Reference Position Status
If the reference position is set, [Set] is displayed in green; otherwise, [Not Set] is displayed in red.

Average Reference X, Y
The average reference position of each camera view is displayed. The [Offset Limit] described next is to
check the location or travel distance of this reference position.

Offset Limit
Specify the condition used to check whether the calculated offset value is within the specified range. By
default, [None selected] is set, in which case the offset limit check is not made. For information about
the offset limit check conditions, see Section 9.2, "OFFSET LIMIT".
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71.2.2 Setting up a Camera View

If you select [Camera View] in the tree view, a window like the one shown below appears.
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Status
If all the items have been set, [Trained] is displayed in green. If there is any item yet to be set, [Not
Trained] is displayed in red.

Camera Calibration
Select the camera calibration you want to use.

Camera Setup
The name of the camera specified for the selected camera calibration is displayed.

Setting the Exposure Time
Set the camera’s exposure time to be applied when running the vision process. For detailed information
about the individual items to be set, see Subsection 4.12.10, “Setting Exposure mode”.

Multi Locator Find Mode
If you have created more than one locator tool, select one of the following to specify how to execute those
tools.

Find Best
All the locator tools will be executed, and the best result will be chosen.  This is effective when you
want to identify the type or put location accuracy before processing time.

Find First
The locator tools will be executed sequentially in the order they are listed in the tree view, and the
first result that is found will be output. Because the location process will stop as soon as a
workpiece is found and the subsequent locator tools will not be executed, this is effective when you
place priority on processing time.

Part Z Height
Enter the height of the trained features on the workpiece above or below the application user frame.
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Reference Position X,Y
The coordinate values of the set reference position are displayed.

7.2.3 Running a Test

Run a test to check whether the tool behaves as expected. There are two ways to run a test. One is to
test the entire vision process, and the other is to test each camera view individually. If you intend to
perform position offset using a fixed camera, testing the entire vision process at one time is easier. In
the case of a robot-mounted camera or tool offset, where the robot position in camera view 1 differs from
that in camera view 2, test each camera view individually.

3 Iocalhost - R¥ision - YISPROT Setup - Microsoll Internel Explorer
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Snap and Find button
The tool snaps an image from the camera and attempts to find a workpiece.

Continuous S+F button
The tool repeats the Snap and Find operation.

Find button
The tool only attempts to find a workpiece without snapping an image. Use this function when you
want to confirm the effect of the same image with different location parameters.

Combine Error
Alignment deviation between the point found when the reference position is set and the point found when
the test is run (units: mm). This value becomes nearly 0 if there are no differences between workpieces
and no location error.

Time to Find
The time the location process took is displayed in milliseconds. If you have clicked the [Snap and Find]
button, this includes both the time it took to snap the image and the time it took to process it. If you
have clicked the [Find] button, this only represents the time it took to process the image and not the time
it took to snap it.

Found Result Table
The following values are displayed.
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XY
Coordinate values of the model origin of the found workpiece (units: mm).

Model ID
Model ID of the found workpiece.

Score
Score of the found workpiece.

Contrast
Contrast of the found workpiece.

Fit Error
Elasticity of the found workpiece (units: pixels).

7.2.4 Setting the Reference Position

Set the reference position. The offset value is calculated based on the relationship between the reference
position you set here and the found position.

3 Iocalhost - R¥ision - YISPROT Setup - Microsoll Internel Explorer
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Open the Setup Page for the vision process.

Place a workpiece in the camera view for which you want to set the reference position.

3. Make sure to enter the proper Part Z Height of the locators in each camera view.

The Part Z Height is the height of the found edges, above or below the application user frame.

Click the [Snap and Find] button to find the workpiece.

Click the [Set. Ref. Pos] button.

Check that [Reference Position Status] is set to [Set] and that a value is displayed for each reference
position element.

n

o ok

Teach the robot the position where the workpiece is when the reference position is set. Teach the
position to the robot without touching the workpiece.
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7.2.5 Overridable Parameters

This vision process has the following overridable parameters that can be overridden with Vision Override.
See 9.1 “VISION OVERRIDE” and 10.2.2.18 “OVERRIDE?” for details.

Exposure Time
Specify a number in milliseconds. If [Exposure Mode] of the vision process is set to [Auto], [Exposure
Mode] is temporarily changed to [Fixed] to use the specified exposure time when you override the
exposure time of the vision process.

Number of Exposure
Specify a number between 1 and 6.

7.3 DEPALLETIZING VISION PROCESS

The Depalletizing Vision Process is a vision process that performs vertical-direction position offset in
addition to the regular two-dimensional position offset. The height of the workpiece is measured based
on the apparent size of the workpiece captured by the camera.

52%
100% D

Carmeta Catnera

300m

BT
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7.3.1 Setting up a Vision Process

If you select [Depalletizing Vision Process] in the tree view, a window like the one shown below appears.
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Status
If all the items have been set, [Trained] is displayed in green. If there is any item yet to be set, [Not
Trained] is displayed in red.

Camera Calibration
Select the camera calibration you want to use.

Camera Setup
The name of the camera specified for the selected camera calibration is displayed.

Setting the Exposure Time
Setting the exposure time. Set the camera's exposure time to be applied when running the vision process.
For detailed information about the individual items to be set, see Subsection 4.12.11, “Setting Exposure
Mode”.

Multi Locator Find Mode
If you have created more than one locator tool, select how to execute those tools.

Find Best
All the locator tools will be executed, and the best result will be chosen.  This is effective when you
want to identify the type or put location accuracy before processing time.

Find First
The locator tools will be executed sequentially from the top. The location process will stop as soon
as the specified number of workpieces have been found. The subsequent locator tools will not be
executed. When the results are sorted by score, even if the score of a workpiece found by the
locator tool executed first is lower than that of a workpiece found by another locator tool executed
subsequently, the result of the locator tool executed first is output.
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App. Z Mode
Specify how to calculate the height of the workpiece.

Calculate From Found Scale
The Z-direction height of the workpiece will be calculated from the found workpiece size.
When [Use layer height] is checked, the number of the layer at which the workpiece is placed is
determined from the size of the workpiece found by the vision process. The position of the
workpiece is calculated based on the height information corresponding to the layer. The height can
be calculated stably even when there is a little size measurement error because the same height
information is used for each individual layer.
When [Output layer] is checked, the determined layer of the workpiece can be output to the vision
register as a measurement value. Specify the number of the measurement value to which to output
the tier in [No.].

Use Register Value
The value stored in the specified register of the robot controller will be used as the Z-direction
height.

Number to Find

Enter the maximum number of workpieces to be found per measurement. The specifiable range is 1 to
100.

Image Logging Mode
Specify whether to save images to the vision log when running the vision process.

Don’t Log
Do not save any images to the vision log.

Log Failed Image
Save images only when the vision operation fails.

Log All Image
Save all images.

/N CAUTION
The execution of the next vision process cannot start until the image logging
operation for the preceding vision process execution is completed. The time
required to save images depends on the type of memory card in use and is
typically between 200 and 400 milliseconds.

Sort by

Specify the sorting order to be applied when more than one workpiece has been found. For details, see
Subsection 4.12,11, “Sorting”.

Delete Duplicate Results If
The position and angle of each found result is checked to see whether the result is the same as another
result. If there are multiple found results within the specified pixels and angle, the results are assumed to
indicate the same workpiece and only the found result with the highest score is output.

Reference Data

The reference data is used to calculate offset data from the found result. The reference data mainly
consists of two types of data described below.
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App. Z Coordinate
This item is used to determine the Z-direction height of the workpiece. If you have chosen [Use
Register Value] in [App Z Mode], specify the number of the register of the robot controller that
stores the Z-direction height. If you have chosen [Calculate From Found Size] in [App Z Mode],
specify two sets of Z-direction height and size data used as the reference.

Reference Position
Position of the workpiece found when the robot position is taught. The offset data is the difference
between the actual workpiece position found when running the vision process and the reference
position.

A vision process might have more than one set of reference data. Under normal conditions, only one set
of reference data is used. However, for example, if there are two types of workpiece, the vision process
uses two sets of reference data because it needs to set the parameters and reference position to determine
the Z-direction height for each workpiece.

Adding reference data
You can add or delete reference data as follows.

1. Clickthe - button
2. In[Model 1D], enter the model ID for which to use the reference data.

Register Number
Use this item when [Use Register Value] is chosen in [App. Z Mode].  Specify the number of the register
that stores the workpiece height.

Layer error threshold

The layer at which the workpiece is placed is automatically determined based on information of the found
size and height corresponding to the reference layer taught in advance. The calculated layer may have a
margin of error depending on the found size. Set a value between 1% and 50% as the permissible
calculation error in [Layer error threshold]. For example, assume that a value of 20% is specified.
When the height of the workpiece calculated from the found size is within a range between +20% of the
reference height for the layer, the layer is determined. If the height is outside the range, an alarm is
issued because the layer cannot be determined.

Setting the Reference Height and Size
Use this item when [Calculate From Found Scale] is chosen in [App. Z Mode]. Set the relationship
between the actual Z-direction height of the workpiece and the apparent size of the workpiece captured by
the camera.

1. Place one workpiece, and touch up the workpiece surface using touch-up pins. Enter this height
data in [Reference Height 1].

2. Click the [Snap and Find] button to find the workpiece. Then, click the [Set Scale] button and set
[Reference Scale 1].

3. Place n workpieces, and touch up the workpiece surface using touch-up pins. Enter this height data
in [Reference Height 2].

4.  Click the [Snap and Find] button to find the workpiece. Then, click the [Set Scale] button and set
[Reference Scale 2].

Setting the Reference Layer

Use this option when [Use layer height] is checked in [App. Z Mode]. Enter the number of the tier
containing the workpiece with which the reference height and size are set.
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Reference Position Status
If the reference position is set, [Trained] is displayed in green; otherwise, [Not Trained] is displayed in
red.

Reference Position X,Y,Z,R
The coordinates of the set reference position are displayed.

Offset Limit
Specify the condition used to check whether the calculated offset value is within the specified range. By
default, [None selected] is set, in which case the offset limit check is not made. For information about
the offset limit check conditions, see Section 9.2, "OFFSET LIMIT".

7.3.2 Running a Test

Run a test to check whether the tool behaves as expected.

-3 lecalhost - iR¥ision - VPDS Setup - Micressft Internet Explorar
CAMREAL

|

Snap and Find button
The tool snaps an image from the camera and attempts to find a workpiece.

Continuous S+F button
The tool repeats the Snap and Find operation.

Find button
The tool only attempts to find a workpiece without snapping an image. Use this function when you
want to confirm the effect of the same image with different location parameters.

Found
The number of found workpieces is displayed.

Time to Find

The time the location process took is displayed in milliseconds. If you have clicked the [Snap and Find]
button, this includes both the time it took to snap the image and the time it took to process it. If you
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have clicked the [Find] button, this only represents the time it took to process the image and not the time
it took to snap it.

Found Result Table
The following values are displayed.

XY, Z
Coordinate values of the model origin of the found workpiece (units: mm).

R
Rotation angle of the found workpiece around the Z axis (units: degrees).

Model ID
Model ID of the found workpiece.

Score
Score of the found workpiece.

Size
Size of the found workpiece

Contrast
Contrast of the found workpiece.

Fit Error
Elasticity of the found workpiece (units: pixels).

Layer
Number of the layer containing the workpiece that is calculated from the found size.

NOTE
If you run a find test without setting the reference Z-direction height or size when
[Calculate From Found Scale] is chosen in [App. Z Mode], ******** is displayed
for X, Y, Z, and R because these values cannot be calculated.
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7.3.3 Setting the Reference Position

Set the reference position. The offset value is calculated based on the relationship between the reference
position you set here and the found position.
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Open the vision process setup page.

Place a workpiece in the camera view for which you want to set the reference position.

Click the [Snap and Find] button to find the workpiece.

Click the [Set Ref. Pos] button.

Check that [Reference Position Status] is set to [Set] and that a value is displayed for each reference
position element.

agrwbdE

Teach the robot the position where the workpiece is when the reference position is set. Teach the
position to the robot without touching the workpiece.

7.3.4 Overridable Parameters

This vision process has the following overridable parameters that can be overridden with Vision Override.
See 9.1 “VISION OVERRIDE” and 10.2.2.18 “OVERRIDE” for details.

Exposure Time
Specify a number in milliseconds. If [Exposure Mode] of the vision process is set to [Auto], [Exposure
Mode] is temporarily changed to [Fixed] to use the specified exposure time when you override the
exposure time of the vision process.

Number of Exposure
Specify a number between 1 and 6.
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7.4 FLOATING FRAME VISION PROCESS

The Floating Frame Vision Process is a vision process that detects the two-dimensional position of the
workpiece and offsets the robot position. Specifically, it is possible to measure the workpiece at various
robot positions with one set of camera calibration using the camera attached to the robot end of arm
tooling.

Camera

Distance
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7.4.1 Setting up a Vision Process

If you select [Floating Frame Vision Process] in the tree view, a window like the one shown below
appears.
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State
If all the items have been set, [Trained] is displayed in green. If there is any item yet to be set, [Not
Trained] is displayed in red.

Camera Calibration
Select the camera calibration you want to use.

Camera Setup
The name of the camera specified for the selected camera calibration is displayed.

Setting the Exposure Time
Set the camera’s exposure time to be applied when running the vision process. For detailed information
about the individual items to be set, see Subsection 4.12.10, “Setting an Exposure Mode”.

Multi-Locator Find Mode
If you have created more than one locator tool, select how to execute those tools.

Find Best
All the locator tools will be executed, and the best result will be chosen.  This is effective when you
want to identify the type or put location accuracy before processing time.

Find First
The locator tools will be executed sequentially from the top. The location process will stop as soon
as the specified number of workpieces have been found. The subsequent locator tools will not be
executed. When the results are sorted by score, even if the score of a workpiece found by the
location tool executed first is lower than that of a workpiece found by a locator tool executed
subsequently, the result of the locator tool executed first is output.
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Number to Find

Enter the maximum number of workpieces to be found per measurement. The specifiable range is 1 to
150.

Image Logging Mode
Specify whether to save images to the vision log when running the vision process.

Don't Log
Do not save any images to the vision log.

Log Failed Images
Save images only when the vision operation fails.

Log All Images
Save all images.

/\ CAUTION
The execution of the next vision process cannot start until the image logging
operation for the preceding vision process execution is completed. The time
required to save images depends on the type of memory card in use and is
typically between 200 and 400 milliseconds.

Ref. Data Index To Use
Choose one of the following to specify how to determine the reference data to use.

This Index
The same reference data is used to calculate the offset data.

Model ID
Different reference data is used depending on the model ID of the found workpiece. Choose this in
such cases as when there are two types of workpieces having different heights.

ID
If [This Index] is selected in [Ref.Data Index To Use], enter the reference data ID to use.

Sort by

Specify the sorting order to be applied when more than one workpiece has been found. For details, see
Subsection 4.12.11, “Sorting”.

Delete Duplicate Results If
The position and angle of each found result are checked to see whether the result is the same as another
result. If there are multiple found results within the specified pixels and angle, the results are assumed to
indicate the same workpiece and only the found result with the highest score is output.

Reference Data
The reference data is used to calculate offset data from the found result. The reference data mainly
consists of two types of data described below.

Part Z Height
Enter the height of the trained features on the workpiece above or below the application user frame.

Reference Position
Position of the workpiece found when the robot position is taught. The offset data is the difference
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between the actual workpiece position found when running the vision process and the reference
position.

A vision process might have more than one set of reference data. Under normal conditions, only one set
of reference data is used. However, for example, if there are two types of workpieces, each having a
different height, the vision process uses two sets of reference data because it needs to set a different part Z
height for each of the workpieces.

Adding reference data
You can add or delete reference data as follows.

1. Clickthe ' button.
2. In[Model 1D], enter the model ID for which to use the reference data.

Part Z Height
Enter the height of the trained features on the workpiece above or below the application user frame.
This is the height of part in the reference position. The reference position part must be in the X/y plane
of the application frame.

Reference Position Status
If the reference position is set, [Set] is displayed in green; otherwise, [Not Set] is displayed in red.

Reference X, Y,Z, W, P, R
The coordinates of the set reference position are displayed.

Offset Limit
Specify the condition used to check whether the calculated offset value is within the specified range. By
default, [None selected] is set, in which case the offset limit check is not made. For information about
the offset limit check conditions, see Section 9.2, "OFFSET LIMIT".

7.4.2 Running a Test

Test to check whether the tool behaves as expected.
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Snap and Find button
The tool snaps an image from the camera and attempts to find a workpiece.

Continuous S+F button
The tool repeats the Snap and Find operation.

Find button
The tool only attempts to find a workpiece without snapping an image. Use this function when you
want to confirm the effect of the same image with different location parameters.

Num. Found
The number of found workpieces is displayed.

Time to Find
The time the location process took is displayed in milliseconds. If you have clicked the [Snap and Find]
button, this includes both the time it took to snap the image and the time it took to process it. If you
have clicked the [Find] button, this only represents the time it took to process the image and not the time
it took to snap it.

Found Results table
The following values are displayed.

X, Y
Coordinates of the model origin of the found workpiece (units: mm).

Z, W, P
Values to which the amount of travel from the robot position during calibration to that during
measurement of the workpiece is added (units; mm, degrees).

R
Rotation angle of the found workpiece around the Z-axis (units: degrees).

Model ID
Model ID of the found workpiece.

Score
Score of the found workpiece.

Contrast
Contrast of the found workpiece.

Fit Error
Elasticity of the found workpiece (units: pixels).
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7.4.3 Setting the Reference Position

Set the reference position. The offset value is calculated based on the relationship between the reference
position you set here and the found position.
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1. Open the vision process Setup Page.

Place a workpiece in the camera view for which you want to set the reference position.

3. Enter the height of the reference part above or below the application user frame in the Part Z Height
field

N

4.  Click the [Snap and Find] button to find the workpiece.
5. Click the [Set Ref. Pos.] button.
6. Check that [Reference Position Status] is set to [Set] and that a value is displayed for each reference

position element.

Teach the robot the position where the workpiece is when the reference position is set. Teach the
position to the robot without touching the workpiece.

71.4.4 Overridable Parameters

This vision process has the following overridable parameters that can be overridden with Vision Override.
See 9.1 “VISION OVERRIDE” and 10.2.2.18 “OVERRIDE?” for details.

Exposure Time
Specify a number in milliseconds. If [Exposure Mode] of the vision process is set to [Auto], [Exposure
Mode] is temporarily changed to [Fixed] to use the specified exposure time when you override the
exposure time of the vision process.

Number of Exposure
Specify a number between 1 and 6.
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7.5 3D TRI-VIEW VISION PROCESS

This vision process detects three parts of a large workpiece, such as a vehicle, by using three cameras
respectively, and offsets the robot based on the calculated 3D position of the workpiece. Upon detection
of a part, the three cameras respectively measure a gaze line from the camera to the detection target. By
applying a triangle whose shape is known to these three gaze lines, the vision process determines where
each detection target is located on the gaze line and obtains the 3D position and posture data of the
workpiece.

Triangle made of

the targets Target 1

Target 2

Workpiece

B

Target 3 Camera 1

@ Camera 2
ﬂ Camera 3

There is a tool called "Camera View" beneath this vision process. One camera view handles one
measurement point.  The number of camera views is three and cannot be changed.

7.5.1 Application Consideration

This subsection describes the detection targets, camera position, and other factors to consider.

7.5.1.1 What to Consider

In determining the detection targets, note the following:

e  The accurate relative positional relationship among the three detection targets must be able to be
calculated from a drawing or other information.

e  There must be no difference in relative relationship among the positions of the three detection targets
or the positions where the work is done.

e Three detection targets must be available that are sufficiently apart from each other to cover the
entire workpiece.

e The triangle whose vertexes are the three detection target points must not be extremely long
lengthwise.

e  The detection targets must not appear different in shape.

e  The detection targets must not have any part near them that is similar in shape.

In the case of a vehicle, the reference holes are suitable as the detection targets.

7.5.1.2 Camera Position

Determining the camera view
Determine the size of the camera view so that the detection targets stay in the view even if they
maximally deviate. Making the camera view extremely large may make it impossible to ensure the
required offset accuracy.
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Determining the camera position
The vision process finds detection targets and measures three gaze lines. Position the camera so that any
two gaze lines are not close to being parallel and that the angle formed by any two gaze lines is
sufficiently wide (preferably 60 degrees or more).

B

@ In this figure, these two lines are
substantially parallel and the angle formed

by gaze lines is small.

Determining the lens focal distance
The focal distance of the lens to be used is determined by the size of the camera view and the distance
between the camera and detection target. In the case of the XC-56 camera, the focal distance f (mm) is

roughly calculated by the following equation:
f=3.55xL+W

L: Distance between the camera and detection target (mm)

W:  Size of the camera view (mm)

Target

L

Camera
( s ;
-.\
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7.5.2 Setting up a Vision Process

If you select [3D Tri-View Vision Process] in the tree view, a window like the one shown below appears.

2 pderob026 - iRVision - TRIVIEW Setup - Microsoft Internet Explorer

on Tools

3D Tri-View Vision Process
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H
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Status
If all the items have been set, [Trained] is displayed in green. If there is any item yet to be set, [Not
Trained] is displayed in red.

Offset Mode
Select the offset mode for the robot. In the 3D tri-view vision process, only the fixed frame offset is
available. The offset data for the fixed frame offset is calculated.

Combine Error Limit
The combine error limit is the distance the found targets for each camera view move independently of
each other. The figure below shows the original found location for each of the three views as the small
black targets, and it shows the current found location for each view as the larger target. In the example
below there is a combine error, since the relationship between the three targets changed from the original
reference position find to the current find, as seen by the size and shape of the triangle changing.

If the calculated combine error limit is greater than the user specified limit, the workpiece will not be
found. Typically the a sudden increase in the combine error is due to incorrect calibration of one or
more of the camera views, or physical changes in the workpiece.

‘\Sirmr at Point 1 Reference Data
~ ~
~

Found Data
-
|‘ SN ‘A/
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‘\ /!V!
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77 Error at Point 2
”
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Image Logging Mode
Specify whether to save images to the vision log when running the vision process.

Don't Log
Do not save any images to the vision log.

Log Failed Images
Save images only when the vision operation fails.

Log All Images
Save all images.

/N\ CAUTION
The execution of the next vision process cannot start until the image logging

operation for the preceding vision process is execution completed. The time
required to save images depends on the type of memory card in use and is
typically between 200 and 400 milliseconds per camera view.

Setting the Reference Position
If the reference position is set, [Set] is displayed in green. Otherwise, [Not Set] is displayed in red.

Average Reference X,Y,Z
The average reference position of each camera view is displayed. The [Offset Limit] described next is to

check the location or travel distance of this reference position.

Offset Limit
Specify the condition used to check whether the calculated offset value is within the specified range. By

default, [None selected] is set, in which case the offset limit check is not made. For information about
the offset limit check conditions, see Section 9.2, "OFFSET LIMIT".
7.5.3 Setting up a Camera View

If you select [Camera View] in the tree view, a window like the one shown below appears.

3 pderab026 - A¥ision - TRIVIEW Sedup - Microsoft Infernet Explorer

Vision Tools

rar Tael -
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Trainad

[ Zaap and Fird |[Comminueus Gl Fird

eyl De | HaddID
EH sz [T e i

-130 -



B-82774EN/04 7.VISION PROCESSES

Status
If all the items have been set, [Trained] is displayed in green. If there is any item yet to be set, [Not
Trained] is displayed in red.

Camera Calibration
Select the camera calibration you want to use. The camera calibration must be the grid pattern
calibration, and the projection method must be [Perspective]. To prevent the location accuracy from
deteriorating, it is recommended to select "2" as the number of calibration planes when performing the
calibration. Note also that all the camera calibration must have the same application user frame selected.
Camera Setup
The name of the camera specified for the selected camera calibration is displayed.

Setting the Exposure Time
Set the camera’s exposure time to be applied when running the vision process. For detailed information
about the individual items to be set, see Subsection 4.12.10, "Setting an Exposure Mode".

Multi-Locator Find mode
If you have created more than one locator tool, select how to execute those tools from the following:

Find Best
All the locator tools will be executed, and the best result will be chosen.  This is effective when you
want to identify the type or put location accuracy before processing time.

Find First
The locator tools in the tree view will be executed sequentially from the top, and the result that is
located first will be output. The location process will stop as soon as a workpiece is found, leaving
the subsequent locator tools unexecuted. This is effective when greater emphasis is put on the
processing time.

Dist. between Camera and Target
Enter an approximate distance between the camera and the target to find. If you select calibration data,
the distance between the camera at the time of calibration and the origin of the calibration grid is set as
the default. Also, when the reference position is set, this value is overwritten by the camera-to-target
distance resulting from the location process of the vision process.

Fundamental Data X, Y, Z
Enter the position of the target to find in a given frame. For example, you may enter the coordinates of
the target on the drawing.

Fundamental data input example: The following figure shows an example of fundamental data input

using the CAD data of the workpiece. The coordinates of the target shown in CAD data are input as the
fundamental data.
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<
§« . Coordinate system of CAD
(Position is arbitrary)

Circle:
Center: (x3, y3, z3)

Circle:
Center: (x1, y1, z1) k
Circle:

Center: (x2, y2, z2)

/

Reference Position X, Y, Z
The coordinates of the set reference position are displayed.

7.54 Running a Test

Test to check whether the tool behaves as expected. There are two ways to run a test.  One is to test the
entire vision process, and the other is to test each camera view individually. In the case of a fixed
camera, testing the entire vision process at one time is easier. In the case of a robot-mounted camera,
where the robot position differs for each camera view, test each camera view individually.

= Ecol=3 90,971 52135 3 Vislon Taols

YR S e i L RS - e e

aror Toel 2 -
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Snap and Find button
The tool snaps an image from the camera and attempts to find a workpiece.

Continuous S+F button
The tool repeats the Snap and Find operation.
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Find button
The tool only attempts to find a workpiece without snapping an image. Use this function when you want
to confirm the effect of the same image with different location parameters.

Combine Error
Alignment deviation between the point found when the reference position is set and the point found when
the test is run (units: mm). This value becomes nearly 0 if there are no differences between targets to
find and no location error.

Error Estimation
This estimation indicates how much the detection error in the locator tool on the image affects the
calculated 3D position of the workpiece. For example, when this value is 8.0 mm/pix, 0.1 pix of
detection error can cause 8.0 x 0.1 = 0.8 mm of variable of the measured 3D position.. You cannot
estimate total compensation accuracy only from this value, but if this value is too large for your
application, reconsider changing camera layout.

Compute Error Estimation
If you check this box, the error estimation is computed when the vision process succeeds in finding a
workpiece.

Time to Find
The time the location process took is displayed in milliseconds. If you have clicked the [Snap and Find]
button, this includes both the time it took to snap the image and the time it took to process it. If you
have clicked the [Find] button, this only represents the time it took to process the image and does not
include the time it took to snap it.

Found results table
The following values are displayed.

XY, Z
Coordinates of the model origin of the found target (units: mm).

Model ID
Model ID of the found workpiece.

Score
Score of the found workpiece.

Dist. between Camera and Target
Distance between the camera and the model origin of the found target (unit: mm).
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7.5.5 Setting the Reference Position

Set the reference position.
The offset value is calculated based on the relationship between the reference position you set here and
the found position.

3 pderob?6 - MVisian - TRIVIEW Selup - Microsall Internel Fxplorer
(rew=18,c0ln240,9=255) 3,539 Vision Tools
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Open the vision process setup page.

In the view of each camera, place a workpiece for which you want to set the reference position.

3. Snap the image with each camera view ready for finding the workpiece, and then click the [Find]
button to find the workpiece.

Click the [Set Ref. Pos.] button.

Check that [Reference Position Status] is set to [Set] and that a value is displayed for each reference
position element.

rn

o~

Teach the robot the position where the workpiece is when the reference position is set. Teach the
position to the robot without moving the workpiece.

7.5.6 Overridable Parameters

This vision process has the following overridable parameters that can be overridden with Vision Override.
See 9.1 “VISION OVERRIDE” and 10.2.2.18 “OVERRIDE” for details.

Exposure Time
Specify a number in milliseconds. If [Exposure Mode] of the vision process is set to [Auto], [Exposure
Mode] is temporarily changed to [Fixed] to use the specified exposure time when you override the
exposure time of the vision process.

Number of Exposure
Specify a number between 1 and 6.
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7.6 3DL SINGLE VIEW VISION PROCESS

The 3DL Single-View Vision Process measures the three-dimensional position and posture of the
workpiece and adjusts the handling of the workpiece by the robot.

To spot welding booth

Workers load body panels

7.6.1 Setting up a Vision Process

If you select [3DL Single View Vision Process] process in the tree view, a window like the one shown
below appears.
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Status
If all the items have been set, [Trained] is displayed in green. If there is any item yet to be set, [Not
Trained] is displayed in red.

Camera Calibration
Select the camera calibration you want to use.
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Camera Setup
The name of the camera specified for the selected camera calibration is displayed.

Offset Mode
Select the robot position offset mode.

Fixed Frame Offset
The fixed frame offset data will be calculated.

Tool Offset
The tool offset data will be calculated.

Found Position (User)
The found position will be output as is, instead of the offset data. This option is provided for any
required specified offset mode. Do not select it under normal conditions. The found position is
relative to the application user frame.

Found Position (Tool)
The found position will be output, instead of the offset data, after being converted to a value as seen
from the tool frame. This option is provided for any required specified offset mode. Do not select
it under normal conditions

Robot Holding Part

If you have chosen [Tool Offset] or [Found Position (Tool)] for [Offset Type], specify the robot holding
the workpiece.

User Tool Number
If you have chosen [Tool Offset] or [Found Position (Tool)] in [Offset Type], specify the user tool in
which you will perform position offset.

Setting the Light
Use this function to have an external light turned on or off as appropriate for the vision process executed
with the 3D laser sensor. By using this function, you can have the light turned on, for example, when
finding two-dimensional features during one three-dimensional measurement, or have it turned off when
finding the two laser lines. It is common to have an LED ring light mounted to the 3D laser sensor to
provide controlled lighting.

Set the function as follows.

1. In[Light Output Signal Type], specify the type of signal - DO or RO - that turns on or off the light.

2. In [Light Output Signal Number], enter the number of the output point to which the ON/OFF signal
is connected. For example, when connecting the signal to RO[1], enter 1.

3. In[Light Output Signal Polarity], set the relationship between the signal output and turning on or off
the light. To turn on the light when the signal is ON, set [Signal=ON->Light=ON]. To turn it off
when the signal is ON, set [Signal=OFF->Light=ON].

4. In [Light ON snap delay], set the wait time when you want to snap just after the light ON. Under
normal conditions, set 0.

Lean Angle Limit

Any workpiece found with an angle greater than the lean angle limit from the reference position is treated
as not being found.
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Image Logging Mode
Specify whether to save images to the vision log when running the vision process.

Don't Log
Do not save any images to the vision log.

Log Failed Images
Save images only when the vision operation fails.

Log All Images
Save all images.

/A\ CAUTION

The execution of the next vision process cannot start until the image logging
operation for the preceding vision process execution is completed. The time
required to save images depends on the type of memory card in use and is
typically between 600 and 1200 milliseconds.

Image Display Mode
Change the image to be displayed in the Setup Page.

2D Image
The camera-captured image is displayed.

Laser Slit Image 1
The image of laser slit 1 is displayed.

Laser Slit Image 2
The image of laser slit 2 is displayed.

7.6.1.1 2D Measurement Setups

Perform the 2D measurement setups.

= 20 Measurement Setups

Best Result of Each Loc, Taol

Setting the Exposure Time

Set the camera's exposure time to be applied when running the vision process. For detailed information
about the individual items to be set, see Subsection 4.12.10, “Setting an Exposure Mode”.

Light for Snap
Set whether to turn on or off the light when snapping an image for two-dimensional measurement.
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Multiple Locator Find Mode
From the upper drop-down list, select which locator tools to execute in the case that multiple locator tools
have been made.

Find Best
All the locator tools are executed. This is effective when you want to identify the type or put
location accuracy before processing time.

Find First
The locator tools are executed sequentially from the top. The location process stops as soon as a
locator tool detects workpieces. The subsequent locator tools are not executed.

From the lower drop-down list, select which results of each locator tool to use in the case that the tool has
multiple results.

Best Result of Each Loc. Tool
The result having the highest score is selected for each locator tool. The measurement uses only
the selected results.

All Result of Each Loc. Tool

All the results are used in descending order of scores until the measurement succeeds. This is
effective when you want to eliminate measurement failure caused by misdetection of a locator tool.

7.6.1.2 Laser Measurement Setups

Perform the laser measurement setups.

— Laser Measurement Setup

Exposure Mode:

Expozure Time: ""'5- |Z”:“E”El
Multi Expozures: E, 1000 - 1000 ms,

Snap Times: 1 W

LEL at Snap: Mot Used | %

Setting the Exposure Time
Set the camera’s exposure time to be applied when running the vision process. For detailed information
about the individual items to be set, see Subsection 4.12.10, “Setting an Exposure Mode”.

Snap Times
Use this item when you want to snap multiple images during one exposure time and to obtain an average
image. This setting is valid only when 1 is set in [Multi Exposure].

Brightness Scaling Mode
Specify a method for coordinating the brightness for multi-exposure.

Maximum
After all laser images are summed up, the brightness of the whole image is scaled so that the
brightness in the photometric area is lower than 256. If halation occurs at even one point in the
photometric area, the image becomes relatively dark as a whole.

Summation
After all laser images are summed up, the brightness of the pixel , brightness of which is higher than
256, is clipped. The brightness of whole image is kept and the brightness of pixels in which halation
occurs is only suppressed to the maximum displayable brightness.

-138 -



B-82774EN/04 7.VISION PROCESSES

Light for Snap
Set whether to turn on or off the light when snapping an image for laser measurement.

TIP
If more than one laser measurement tool, such as 3DL plane command tool or
3DL displacement command tool, has been created, the tools will be executed
sequentially from the top, and the measurement process will stop as soon as a
measurement succeeds, leaving the subsequent tools unexecuted.

7.6.1.3 Reference Data

r Reference Data

Reference Position Status: Mot Set Set Ref, Pas,

Referance X MM
Referance ¥ M,
Reference Z: A,
Reference W: deg.
Reference P deg.
Reference R: deg.

Limit Check Select:

MHane selected bt

Reference Position Status
If the reference position is set, [Set] is displayed in green; otherwise, [Not Set] is displayed in red.

Reference Position X,Y,Z,W,P,R
The coordinate values of the set reference position are displayed.

Offset Limit
Specify the condition used to check whether the calculated offset value is within the specified range. By
default, [None selected] is set, in which case the offset limit check is not made. For information about
the offset limit check conditions, see Section 9.2, "OFFSET LIMIT".

7.6.2 Running a Test

Run a test to check whether the tool behaves as expected.

Snap and Find button
The tool snaps an image from the camera and attempts to find a workpiece.

Continuous S+F button
The tool repeats the Snap and Find operation.

Find button
The tool only attempts to find a workpiece without snapping an image. Use this function when you
want to confirm the effect of the same image with different location parameters.

Found
The number of found workpieces is displayed.
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Time to Find
The time the location process took is displayed in milliseconds. If you have clicked the [Snap and Find]
button, this includes both the time it took to snap the image and the time it took to process it. If you
have clicked the [Find] button, this only represents the time it took to process the image and not the time
it took to snap it.

Found Result Table
The following values are displayed.

XY,z
Coordinate values of the model origin of the found workpiece (units: mm).

W,P,R
Rotation angle of the found workpiece around the X, Y, and Z axis (units: degrees).

Laser ID
Laser measurement 1D of the found workpiece.

Model ID
Model ID of the found workpiece.

Score
Score of the found workpiece.

Contrast
Contrast of the found workpiece.

Fit Error
Elasticity of the found workpiece (units: pixels).

Lean Angle
Inclination angle of the found workpiece (units: degrees).

7.6.3 Setting the Reference Position

Set the reference position. The offset value is calculated based on the relationship between the reference
position you set here and the found position.

Open the Setup Page for the vision process.

Place a workpiece in the camera view for which you want to set the reference position.

Click the [Snap and Find] button to find the workpiece.

Click the [Set Ref. Pos.] button.

Check that [Reference Position Status] is set to [Set] and that a value is displayed for each reference
position element.

arwNE

Teach the robot the position where the workpiece is when the reference position is set. Teach the
position to the robot without touching the workpiece.

7.6.4 Overridable Parameters

This vision process has the following overridable parameters that can be overridden with Vision Override.
See 9.1 “VISION OVERRIDE” and 10.2.2.18 “OVERRIDE” for details.
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Exposure Time
Specify a number in milliseconds. If [Exposure Mode] of the vision process is set to [Auto], [Exposure
Mode] is temporarily changed to [Fixed] to use the specified exposure time when you override the
exposure time of the vision process.

Number of Exposure
Specify a number between 1 and 6.

Laser Exposure Time
Specify a number in milliseconds. If [Exposure Mode] of the vision process is set to [Auto], [Exposure
Mode] is temporarily changed to [Fixed] to use the specified exposure time when you override the
exposure time of the vision process.

Number of Laser Exposure
Specify a number between 1 and 6.

7.7 3DL MULTI-VIEW VISION PROCESS

The 3DL multi-view vision process is used to find the position of the workpiece by finding multiple parts
of it. It is effective when the workpiece is too large for the camera to capture its entire image and when
the orientation of the workpiece is tilted.
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7.7.1 Setting up a Vision Process

If you select [3DL Multi View Vision Process] in the tree view, a window like the one shown below
appears.

2 robot1 - iRVision - VPLM Setup - Microsoft Internet Explorer,
W= § el Vision Tools
e ~

|~
|
i

Status
If all the items have been set, [Trained] is displayed in green. If there is any item yet to be set, [Not
Trained] is displayed in red.

Offset Mode
Select the robot position offset mode.

Fixed Frame Offset
The fixed frame offset data will be calculated.

Tool Offset
The tool offset data will be calculated.

Robot Holding Part
If you have chosen [Tool Offset] in [Offset Mode], specify the robot holding the workpiece.

User Tool Number
If you have chosen [Tool Offset] in [Offset Mode], specify the user tool in which you will perform
position offset.

Combine Error Limit
The combine error limit is the distance the found targets for each camera view move independently of
each other. The figure below shows the original found location for each of the three views as the small
black targets, and it shows the current found location for each view as the larger target. In the example
below there is a combine error, since the relationship between the three targets changed from the original
reference position find to the current find, as seen by the size and shape of the triangle changing.
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If the calculated combine error limit is greater than the user specified limit, the workpiece will not be
found. Typically the a sudden increase in the combine error is due to incorrect calibration of one or
more of the camera views, or physical changes in the workpiece.

%’k&”"r at Point 1 Reference Data
— /
[ Found Data
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77 Error at Point 2
”

@En’or at Point 3
Image Logging Mode

Specify whether to save log images to the vision log when running the vision process.

Don't Log
Do not save any images to the vision log.

Log Failed Images
Save images only when the vision operation fails.

Log All Images
Save all images.

/\ CAUTION
The execution of the next vision process cannot start until the image logging
operation for the preceding vision process execution is completed. The time
required to save images depends on the type of memory card in use and is
typically between 600 and 1200 milliseconds per camera view.

Reference Position Status

If the reference position is set, [Trained] is displayed in green; otherwise, [Not Trained] is displayed in
red.

Average Reference X, Y, Z

The average reference position of each camera view is displayed. The offset limit check described next is
to check the location or travel distance of this reference position.

Offset Limit

Specify the condition used to check whether the calculated offset value is within the specified range. By
default, [None selected] is set, in which case the offset limit check is not made. For information about
the offset limit check conditions, see Section 9.2, "OFFSET LIMIT",
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7.7.2 Setting up a Camera View

If you select [Plane Camera View] in the tree view, a window like the one shown below appears.
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Status
If all the items have been set, [Trained] is displayed in green. If there is any item yet to be set, [Not
Trained] is displayed in red.

Camera Calibration
Select the camera calibration you want to use.

Camera Setup
The name of the camera specified for the selected camera calibration is displayed.

Setting the Light
Use this function to have an external light turned on or off as appropriate for the vision process executed
with the 3D laser sensor. By using this function, you can have the light turned on, for example, when
finding two-dimensional features during one three-dimensional measurement, or have it turned off when
finding the two laser lines. It is common to have an LED ring light mounted to the 3D laser sensor to
provide controlled lighting.

Set the function as follows.

1. In[Light Output Signal Type], specify the type of signal - DO or RO - that turns on or off the light.

2. In [Light Signal Number], enter the number of the output point to which the ON/OFF signal is
connected. For example, when connecting the signal to RO[1], enter 1.

3. In[Light Output Signal Polarity], set the relationship between the signal output and turning on or off
the light. To turn on the light when the signal is ON, set [Signal=ON->Light=ON]. To turn it off
when the signal is ON, set [Signal=OFF->Light=0ON].

4. In [Light on snap delay], set the wait time from the output of the light ON signal until an image is
snapped. Under normal conditions, set 0.

Lean Angle Limit
Any workpiece found with an angle greater than the lean angle limit from the reference position is treated
as not being found.
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7.7.2.1 2D Measurement Setups

Perform the 2D measurement setups.

— 20 Measurement Setups

Bast Result of Each Loc, Toal #

Setting the Exposure Time
Set the camera’s exposure time to be applied when running the vision process. For detailed information
about the individual items to be set, see Subsection 4.11.10, “Setting an Exposure Mode”.

Light for Snap
Set whether to turn on or off the light when snapping an image for two-dimensional measurement.

Multiple Locator Find Mode
From the upper drop-down list, select which locator tools to execute in the case that multiple locator tools
have been made.

Find Best
All the locator tools are executed. This is effective when you want to identify the type or put
location accuracy before processing time.

Find First
The locator tools are executed sequentially from the top. The location process stops as soon as a
locator tool detects workpieces. The subsequent locator tools are not executed.

From the lower drop-down list, select which results of each locator tool to use in the case that the tool has
multiple results.

Best Result of Each Loc. Tool
The result having the highest score is selected for each locator tool. The measurement uses only
the selected results.

All Result of Each Loc. Tool

All the results are used in descending order of scores until the measurement succeeds. This is
effective when you want to eliminate measurement failure caused by misdetection of a locator tool.
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7.7.2.2 Laser Measurement Setups

Perform the laser measurement setups.

= Laser Measurement Setup

Expasure Maode:

Expasure Time: ms. |E”:l
Multi Exposures: EI, 1000 - 1000 ms,
Snap Times: 1 W

LED at Snap: Mot Usad | ¥

Setting the Exposure Time
Set the camera’s exposure time to be applied when running the vision process. For detailed information
about the individual items to be set, see Subsection 4.11.10, “Setting an Exposure Mode”.

Snap Times
Use this item when you want to snap multiple images during one exposure time and to obtain an average
image. This setting is valid only when 1 is set in [Multi Exposure].

Brightness Scaling Mode
Specify a method for coordinating the brightness at the time of laser image synthesis in multi-exposure.

Maximum
After all laser images are summed up, the brightness of the whole image is scaled so that the
brightness in the photometric area is lower than 256. If halation occurs at even one point in the
photometric area, the image becomes relatively dark as a whole.

Summation
After all laser images are summed up, the brightness of the pixel , brightness of which is higher than
256, is clipped. The brightness of whole image is kept and the brightness of pixels in which
halation occurs is only suppressed to the maximum displayable brightness.

Light for Snap
Set whether to turn on or off the light when snapping an image for laser measurement.

TIP
If more than one laser measurement tool, such as 3DL plane command tool, has
been created, the tools will be executed sequentially from the top, and the
measurement process will stop as soon as a measurement succeeds, leaving
the subsequent tools unexecuted.

7.7.2.3 Reference Data

- Reference Data
Referance ¥ e,

Refarence V! mm,
Reference 2! .
Referance Wt deg,
Reference P: deg.
Reference R: deg.

Reference X,Y,Z,W,P,R
The coordinate values of the set reference position are displayed.
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7.7.3 Running a Test

Run a test to check whether the tool behaves as expected.

Snap and Find button
The tool snaps an image from the camera and attempts to find a workpiece.

Continuous S+F button
The tool repeats the Snap and Find operation.

Find button
The tool only attempts to find a workpiece without snapping an image. Use this function when you
want to confirm the effect of the same image with different location parameters.

Found
The number of found workpieces is displayed.

Time to Find
The time the location process took is displayed in milliseconds. If you have clicked the [Snap and Find]
button, this includes both the time it took to snap the image and the time it took to process it. If you
have clicked the [Find] button, this only represents the time it took to process the image and not the time
it took to snap it.

Found Result Table
The following values are displayed.

XY, Z
Coordinate values of the model origin of the found workpiece (units: mm).

W,P,R
Rotation angle of the found workpiece around the X, Y, and Z axes (units: degrees).

Laser ID
Laser measurement ID of the found workpiece.

Model ID
Model ID of the found workpiece.

Score
Score of the found workpiece.

Contrast
Contrast of the found workpiece.

Fit Error
Elasticity of the found workpiece (units: pixels).

Lean Angle
Inclination angle of the found workpiece (units: degrees).
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7.7.4 Setting the Reference Position

Set the reference position. The offset value is calculated based on the relationship between the reference
position you set here and the found position.

Open the vision process Setup Page.

Place a workpiece in the camera view for which you want to set the reference position.

Click the [Snap and Find] button to find the workpiece.

Click the [Set Ref. Pos] button.

Check that [Reference Position Status] is set to [Set] and that a value is displayed for each reference
position element.

agrwbdE

Teach the robot the position where the workpiece is when the reference position is set. Teach the
position to the robot without touching the workpiece.

7.7.5 Overridable Parameters

This vision process has the following overridable parameters that can be overridden with Vision Override.
See 9.1 “VISION OVERRIDE” and 10.2.2.18 “OVERRIDE” for details.

Exposure Time
Specify a number in milliseconds. If [Exposure Mode] of the vision process is set to [Auto], [Exposure
Mode] is temporarily changed to [Fixed] to use the specified exposure time when you override the
exposure time of the vision process.

Number of Exposure
Specify a number between 1 and 6.

Laser Exposure Time
Specify a number in milliseconds. If [Exposure Mode] of the vision process is set to [Auto], [Exposure
Mode] is temporarily changed to [Fixed] to use the specified exposure time when you override the
exposure time of the vision process.

Number of Laser Exposure
Specify a number between 1 and 6.

7.8 3DL CROSS-SECTION VISION PROCESS

This function is typically used for a workpiece to which “3DL vision process” cannot be applied. It
illuminates the workpiece with the laser, collects height information of the illuminated part, and generates
a cross-sectional image of the workpiece. Then, it executes a GPM locator tool on the generated
cross-sectional image and calculates the three-dimensional position of the target section.

/A\ CAUTION
This function performs only measurement. To adjust the handling of the
workpiece by the robot, offset data must be calculated using a robot program.
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The lower right image shows the cross section image. The arrow direction of a laser slit indicates the
vertical direction and the height indicates the horizontal direction as shown at lower left. In the following
images, O and O connected with a line with an arrow indicate the same section.

low £——— Shigh

(2D image) (Cross-sectional image)

7.8.1 Setting up a Vision Process

If you select [3DL Cross-Section Vision Process] in the tree view, a window like the one shown below
appears.

3 robot1 - iRYision - YPCS Setup - Microsoft Internet Explorer

isi I
im(im| + | | | e] &= el L] (% Vision Tools

3DL Cross Section Process
Hot Trained

|

Output Made:

Image Logaing Mode: Log Failed Images %
Rcime

Image Display Mode:

Laser etup

Kot Trsined
Ensble [J
Enaple [](_EdtMask ]

Comers m 7 | —

Found Results ] [ [ [ w [ e | ®
ound o

F

Tirne to Find: 0 ms.

I3
53

H
o

State

If all the items have been set, [Trained] is displayed in green. If there is any item yet to be set, [Not
Trained] is displayed in red.

Camera Calibration
Select the camera calibration you want to use.

Camera Setup
The name of the camera specified for the selected camera calibration is displayed.

Output Mode
Select the mode in which to output measurement results.
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Found Position (User)
The found position in the application user frame will be output as is.

Found Position (Tool)
The found position will be output after being converted to a value in the specified user tool. It is
mainly used to measure the error of the workpiece grasped by robot when 3D-sensor is secured.

Robot Holding the Part
If you have chosen [Found Position (Tool)] in [Output Mode], specify the robot that is holding the
workpiece.

User Tool Number
If you have chosen [Found Position (Tool): in [Output Mode], specify the user tool from which you want
to convert the found position to a value as seen.

Image Logging Mode
Specify whether to save images to the vision log when running the vision process.

Don’t Log
Do not save any images to the vision log.

Log Failed Images
Save images only when the vision operation fails.

Log All Images
Save all images.

/N CAUTION
The execution of the next vision process cannot start until the image logging
operation for the preceding vision process execution is completed. The time
required to save images depends on the type of memory card in use and is
typically between 200 and 400 milliseconds.

Image Display Mode
Change the image to be displayed. The setting in [Runtime] is used when the image is displayed on the
runtime monitor; the setting in [Setup] is used when it is displayed on the Setup Page.

2D Image
The camera-captured image is displayed.

Laser Slit Image
The laser slit image is displayed.

Cross-sectional Image
The cross-sectional image of the workpiece is displayed.
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7.8.1.1 Laser Measurement Setup

Perform the laser measurement setups.

State

= Lazer Measurement Setup

Status: Mot Trained

Search MNarrow Area: Enable I:‘

Window Mask: Enable [ ]
Laser Humber 1 W

Effective Z Range: 50,0 | .

Exposure Made:

Exposure Time: 1.000 =, E]E]
Multi Exposures: 1%,

Snap Times: 1 W

Brightness Scaling Mode: Marimum %

Min Mum Laser Points: il

Min Laser Contrast 50

Scale of Cross Section: 0.2580 | mmfpis. E]

Multiple Locator Find Made: Find Best %

If the measurement area has been set, [Trained] is displayed in green. If there is any item yet to be set,
[Not Trained] is displayed in red.

Setting the measurement area
Set the measurement area as follows.

N

oo

Click the #2 button (green) to change to the live image display.

Click the *! button to turn on the laser.

Jog the robot so that the section to be measured is at the center of the image. You can make
positioning easier to do by clicking the &) button, which displays the center line of the window.
Adjust the distance between the 3D laser sensor and workpiece so that the laser intersection point
comes around the center of the measurement section. In this case, the distance between the 3D
laser sensor camera and measurement section is about 400 mm.

Click the ¥ button (red) to stop the live image mode.

Click the [Train Window] button.

Enclose the workpiece to be taught within the displayed red rectangle, and click the [OK] button.
For detailed information about the operation method, see Subsection 4.12.8, “Window Setup”.

Search Narrow Area
If the area to be measured is small and the available points are few, enable [Search Narrow Area], which
lets you increase the number of points to be used for the measurement. Note that this increases the
processing time as well.  Therefore, enable this item only when necessary.

Window Mask
If there is a region you want to remove from the measurement area, set a mask. To create a mask in the
measurement area, click the [Edit Mask] button. Even when you have edited a mask, the tool will ignore
the mask if you uncheck the [Enable] check box. For detailed information about the operation method,
see Subsection 4.12.9, “Editing Masks”.

Laser Number
Specify one of the two laser slits that you want to use to generate the cross-sectional image.
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1: Laser slit with which the workpiece is illuminated from the lower left to the upper right on the image
2. Laser slit with which the workpiece is illuminated from the upper left to the lower right on the image

Effective Z Range
Specify the range within which points are to be used as a Z value when the cross-sectional image is
generated. Set a range which actually contains the measurement section as much as possible.

Setting the Exposure Time
Set the camera’s exposure time to be applied when running the vision process. For detailed information
about the individual items to be set, see Subsection 4.12.10, “Setting an Exposure Mode”.

Snap Times
Use this item when you want to snap multiple images during one exposure time to obtain an average
image. This setting is valid only when a value of 1 is set in [Multi Exposure].

Brightness Scaling Mode
This item is valid only when a value of 2 or greater is set in [Snap Times]. Select the pixel output mode
when the maximum value obtained by the sum of the brightness values of pixels exceeds 255.

Maximum
Each pixel in the area is adjusted with the same ratio so that the brightness of the brightest pixel is set
to 255 and output them.

Summation
Pixels output as is unless the brightness of any pixel does not exceed 255 regardless of the brightness
of the brightest pixel. This item is effective when the workpiece has a very bright part such as a
mirror finished surface and an appropriate image cannot be obtained with the maximum brightness.

Min. Num. Laser Points
If the number of effective points found in the measurement area, excluding the mask area, is below this
threshold, the measurement result is invalid. If the laser point found result varies because of a small
measurement area or change in image brightness, lowering the minimum number of laser points might
make location possible. Note that, because the inclination of the workpiece plane is calculated from the
found points, measurement accuracy can degrade as the number of points decreases. The number of
effective laser points to be found depends on the [Min. Laser Contrast] shown below.

Min. Laser Contrast
This is the threshold for finding points of the laser applied to the measurement area, excluding the mask
area.

[Min. Num. Laser Points] and [Min. Laser Contrast] above should be confined to those cases where
adjusting other settings never yields accurate found results. Forcing the tool to find laser points or
changing the values inadvertently might result in inaccurate calculation of the detection position.
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/\ CAUTION

Before changing location parameters [Min. Num. Laser Points] and [Min. Laser
Contrast], check that the laser measurement exposure time in the vision process
has been adjusted so that an image is captured adequately.

Scale of Cross Section
Set the resolution (mm/pixel) of the generated cross-sectional image.

Multiple Locator Find Mode
If you have created more than one locator tool, select how to execute those tools.

Find Best

All the locator tools will be executed, and the best result will be chosen.  This is effective when you
want to identify the type or put location accuracy before processing time.

Find First

The locator tools will be executed sequentially from the top. The location process will stop as soon

as the specified number of workpieces have been found. The subsequent locator tools will not be
executed.

7.8.1.2 2D Measurement Setups

Perform the 2D measurement setups.

= 20 Snap Setups
Exposure Made: Fixed *

Expozure Time: 32,332 ms. E]E]

Setting the Exposure Time

Set the camera’s exposure time to be applied when running the vision process. For detailed information
about the individual items to be set, see Subsection 4.12.10, “Setting an Exposure Mode”.

The exposure time specified here is used only setup mode only. In runtime the 3DL cross-section vision

process, finds the workpiece by using the cross-section image generated from the laser image, so the 2D
image is not snapped. Therefore the exposure time specified here is not used during runtime.
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7.8.2 Running a Test

Test to check whether the tool behaves as expected.

3 rabot - R¥ision - VPCS Setup - Microsoft ntermet Explorer

[rows382.cola50T.550) {{x)) Vision Tools
je=) (N1
sl | |
& a0 accios Viz,
(Bl okt Lacanar Toal 1]

Geometric Pattern Match Tool
Tas.

0

Camars ¥ Bnap and Find |[Continusus 8+F Find

Snap and Find button
The tool snaps an image from the camera and attempts to find a workpiece.

Continuous S+F button
The tool repeats the Snap and Find operation.

Find button

The tool only attempts to find a workpiece without snapping an image. Use this function when you
want to confirm the effect of the same image with different location parameters.

Num. Found
The number of found workpieces is displayed.

Time to Find
The time the location process took is displayed in milliseconds. If you have clicked the [Snap and Find]
button, this includes both the time it took to snap the image and the time it took to process it. If you
have clicked the [Find] button, this only represents the time it took to process the image and not the time
it took to snap it.

Found Results table
The following values are displayed.

XY, Z
Coordinates of the model origin of the found workpiece using the cross-sectional image (units:
mm).

W, P, R
These values are all O (units:  degrees).
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Model ID
Model ID of the found workpiece using the cross-sectional image.

Score
Score of the found workpiece using the cross-sectional image.

Contrast
Contrast of the found workpiece using the cross-sectional image.

Fit Error
Elasticity of the found workpiece using the cross-sectional image (units:  pixels).

Laser Points
Number of laser points used to generate the cross-sectional image.

7.8.3 Overridable Parameters

This vision process has the following overridable parameters that can be overridden with Vision Override.
See 9.1 “VISION OVERRIDE” and 10.2.2.18 “OVERRIDE?” for details.

Laser Exposure Time
Specify a number in milliseconds. If [Exposure Mode] of the vision process is set to [Auto], [Exposure
Mode] is temporarily changed to [Fixed] to use the specified exposure time when you override the
exposure time of the vision process.

Number of Laser Exposure
Specify a number between 1 and 6.

7.9 3DL CURVED SURFACE SINGLE VIEW VISION PROCESS

Of the 3DL vision processes, this one measures the three-dimensional position and posture of a workpiece
- particularly a circular cylinder having a curved surface - and adjusts the handling of the workpiece by
the robot.  The curved surface locator tool and cylinder command tool can be used.
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7.9.1 Setting up a Vision Process

If you select [3DL Curved Surface Single Proc], a window like the one shown below appears.

=
{rawm280,cal500) 1000 Vision Tools

i +| 5la| xlejela) @l e o J
| ot

3DL Curved Surface Single Proc ~

Hor Trainad

Fixad Frama Offeaz %

Light Catgeet Bigaal Typer | Hit Uswd %

Ermage Logping Modn Ly Fadad Images %

Camars - [ $nup and Fina | e Fied | I

Found Results X I S T R . T T
Fowad: L Multiple Locates Find Hode:
Tena o Find: 0w, Bast Rasul of Eath Lac, Tesd ¥

-

£ £ Shas |[_Hely

Status
If all the items have been set, [Trained] is displayed in green. If there is any item yet to be set, [Not
Trained] is displayed in red.

Camera Calibration
From the dropdown box, select the camera calibration you want to use.

Camera Setup
The name of the camera specified for the selected camera calibration is displayed.

Offset Mode
From the combo box, select one of the following robot position offset modes:

Fixed Frame Offset
The fixed frame offset data will be calculated.

Tool Offset
The tool offset data will be calculated.

Found Position (User)
The found position will be output as is, instead of the offset data. This option is provided for any
required specified offset mode. Do not select it under normal conditions.

Found Position (Tool)
The found position will be output, instead of the offset data, after being converted to a value as seen
from the tool frame. This option is provided for any required specified offset mode. Do not select
it under normal conditions

Robot Holding Part
If you have chosen [Tool Offset] or [Found Position (Tool)] for [Offset Mode], specify the robot holding
the workpiece.
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User Tool Number
If you have chosen [Tool Offset] or [Found Position (Tool)] for [Offset Mode], specify the user tool in
which you will perform position offset.

Setting the Light
Use this function to have an external light turned on or off as appropriate for the vision process executed
with the 3D laser sensor. By using this function, you can have the light turned on, for example, when
finding two-dimensional features during one three-dimensional measurement, or have it turned off when
finding the laser lines.  Set the function as follows.

1. In[Light Output Signal Type], specify the type of signal - DO or RO - that turns on or off the light.

2. In[Light Output Signal Number], enter the number of the output point to which the ON/OFF signal
is connected. For example, when connecting the signal to RO[1], enter 1.

3. In[Light Output Signal Polarity], set the relationship between the signal output and turning on or off
the light. To turn on the light when the signal is ON, set [Signal=On->Light On]. To turn it off
when the signal is ON, set [Signal=Off->Light On].

4. In [Light on Snap Delay], set the wait time from the output of the light ON signal until an image is
snapped. Under normal conditions, set 0.

Lean Angle Limit
Any workpiece found with an angle greater than the lean angle limit from the reference position is treated
as not being found.

Image Logging Mode
From the combo box, select one of the following image logging modes:

Don't Log
Do not save any images to the vision log. This mode enables the fastest logging and consumes the
least amount of memory card space.

Log Failed Images
Save images only when the vision operation fails. This mode is effective when you want to
analyze failed images later for corrective action.

Log All Images
Save all images. This mode is effective when you want to obtain a large amount of image data for
adjusting the location parameters.

/A\ CAUTION
The execution of the next vision process cannot start until the image logging
operation for the preceding vision process execution is completed. The time
required to save images depends on the type of memory card in use and is
typically between 600 and 1200 milliseconds per camera view.

Image Display Mode
Select the items to be displayed in the vision image display area.

2D Image
The 2D image and location result are displayed.

Laser Slit Image 1
The slit image of laser 1 is displayed.
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Laser Slit Image 2
The slit image of laser 2 is displayed.

7.9.1.1 2D Measurement Setups

Perform the 2D measurement setups.

= 20 Measurement Setups

Best Result of Each Loc, Taal %

Setting the Exposure Time
Set the camera’s exposure time to be applied when running the vision process. For detailed information
about the individual items to be set, see Subsection 4.12.10, "Setting an Exposure Mode".

Light For Snap
Set whether to turn on or off the light when snapping an image for 2D measurement.

Multiple Locator Find Mode
From the upper drop-down list, select which locator tools to execute in the case that multiple locator tools
have been made.

Find Best
All the locator tools are executed. This is effective when you want to identify the type or put
location accuracy before processing time.

Find First
The locator tools are executed sequentially from the top. The location process stops as soon as a
locator tool detects workpieces. The subsequent locator tools are not executed.

From the lower drop-down list, select which results of each locator tool to use in the case that the tool has
multiple results.

Best Result of Each Loc. Tool
The result having the highest score is selected for each locator tool. The measurement uses only
the selected results.

All Result of Each Loc. Tool

All the results are used in descending order of scores until the measurement succeeds. This is
effective when you want to eliminate measurement failure caused by misdetection of a locator tool.
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7.9.1.2 Laser Measurement Setup

Perform the laser measurement setups.

— Laser Measurement Setup

Setting the Exposure Time
Set the camera’s exposure time to be applied when running the vision process. For detailed information
about the individual items to be set, see Subsection 4.12.10, "Setting an Exposure Mode".

Snap Times
Use this item when you want to snap multiple images during one exposure time and to obtain an average
image. This setting is valid only when 1 is set in [Multi Exposures].

Brightness Scaling Mode
Specify a method for coordinating the brightness when laser images obtained by multi-exposure are
combined.

Maximum
After all laser images are summed up, the brightness of the whole image is scaled so that the
brightness in the photometric area is lower than 256. If halation occurs at even one point in the
photometric area, the image becomes relatively dark as a whole.

Summation
After all laser images are summed up, the brightness of the pixel, brightness of which is higher than
256, is clipped. The brightness of whole image is kept and the brightness of pixels in which
halation occurs is only suppressed to 255.

Light For Snap
Set whether to turn on or off the light when snapping an image for laser measurement.

TIP
If more than one laser measurement tool, such as cylinder command tool or 3DL
displ. command tool, has been created, the tools will be executed sequentially
from the top, and the measurement process will stop as soon as a measurement
succeeds, leaving the subsequent tools unexecuted.
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7.9.1.3 Reference Data

— Reference Data
Reference Position Status: Mot Set

Reference X:
Reference ¥:
Reference Z:
Reference W:
Reference P:
Reference R:
Limit Check Select:

Mone selected

Setting the Reference Position

mim.

mm.

deg.
deg.
deg.

Set Ref. Pas,

If the reference position is set, [Set] is displayed in green. Otherwise, [Not Set] is displayed in red.

Reference X, Y, Z, W, P, R

The coordinates of the set reference position are displayed.

Offset Limit

Specify the condition used to check whether the calculated offset value is within the specified range. By

default, [None selected] is set, in which case the offset limit check is not made.

the offset limit check conditions, see Section 9.2, "OFFSET LIMIT",

7.9.2 Running a Test

For information about

Test to check whether the tool behaves as expected.

Camera > Stag and Find J[Convinuoes 5=F

Tima ta Find o my
e
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Found Results | x| | z| W/ | R LaswlD | Model I
Founs e i 2 e 1
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Snap and Find button

The tool snaps an image from the camera and attempts to find a workpiece.

Continuous S+F button
The tool repeats the Snap and Find operation.
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Find button
The tool only attempts to find a workpiece without snapping an image. Use this function when you want
to confirm the effect of the same image with different location parameters.

Num. Found
The number of found workpieces is displayed.

Time to Find
The time the location process took is displayed in milliseconds. If you have clicked the [Shap and Find]
button, this includes both the time it took to snap the image and the time it took to process it. If you
have clicked the [Find] button, this only represents the time it took to process the image and does not
include the time it took to snap it.

Found Result Table
The following values are displayed.

X, Y, Z
Coordinates of the model origin of the found workpiece (unit: mm).

W, P, R
Rotation angle of the found workpiece around the X, Y, and Z axis (unit: degrees).

Laser ID
Laser measurement ID of the found workpiece.

Model ID
Model 1D of the found workpiece.

Score
Score of the found workpiece.

Contrast
Contrast of the found workpiece.

Fit Err.
Elasticity of the found workpiece (unit: pixels).

Lean Angle

Inclination angle of the found workpiece in the normal direction at the reference position (unit:
degrees).

7.9.3 Setting the Reference Position

Set the reference position.
The offset value is calculated based on the relationship between the reference position you set here and
the found position.

Open the vision process Setup Page.

Place a workpiece in the camera view for which you want to set the reference position.

Click the [Snap and Find] button to find the workpiece.

Click the [Set Ref. Pos.] button.

Check that [Reference Position Status] is set to [Set] and that a value is displayed for each reference
position element.

agrwbdE
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Teach the robot the position where the workpiece is when the reference position is set.
Teach the position to the robot without touching the workpiece.

7.94 Overridable Parameters

This vision process has the following overridable parameters that can be overridden with Vision Override.
See 9.1 “VISION OVERRIDE” and 10.2.2.18 “OVERRIDE?” for details.

Exposure Time
Specify a number in milliseconds. If [Exposure Mode] of the vision process is set to [Auto], [Exposure
Mode] is temporarily changed to [Fixed] to use the specified exposure time when you override the
exposure time of the vision process.

Number of Exposure
Specify a number between 1 and 6.

Laser Exposure Time
Specify a number in milliseconds. If [Exposure Mode] of the vision process is set to [Auto], [Exposure
Mode] is temporarily changed to [Fixed] to use the specified exposure time when you override the
exposure time of the vision process.

Number of Laser Exposure
Specify a number between 1 and 6.

7.10  SINGLE VIEW VISUAL TRACKING

This is a vision process for a two-dimensional application that finds a workpiece being carried on a
conveyor with a single camera and picks up the workpiece without stopping the conveyor.

7.10.1 Setting up a Vision Process

If you select [Single View Visual Tracking] in the tree view, a screen like the one shown below appears.
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Status
If all the items have been set, [Trained] is displayed in green. If there is any item yet to be set, [Not
Trained] is displayed in red.

Camera Calibration
Select the camera calibration you want to use.
The selectable camera calibrations are only those for visual tracking.

Camera Setup
The name of the camera specified for the selected camera calibration is displayed.

Line
The name of the Line specified for the selected camera calibration is displayed. For detailed information
about the Line, see Chapter 13, “VISUAL TRACKING”.

Exposure Time
Specify the exposure time for the camera to capture an image.
As the exposure time, specify the smallest possible value that does not cause the image of the moving
conveyor to blur. As a guide, the value should be so small that the conveyor travels no more than 0.5
pixels during the exposure time.

Image Logging Mode
Specify whether to save images to the vision log when running the vision process. While the options
shown below are available, choose [Don’t Log] for visual tracking under normal conditions, because the
image saving processing takes time.

Don't Log
Do not save any images to the vision log.

Log Failed Images
Save images only when the vision operation fails.

Log All Images
Save all images.
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/\ CAUTION
The execution of the next vision process cannot start until the image logging
operation for the preceding vision process execution is completed. In case of
this vision process, the time required to save images depends on the type of
memory card in use and is typically between 200 and 400 milliseconds.

Runtime Image
Specify how to display an image on the runtime monitor.

Display with 100%
The image will be displayed at a magnification of 100% on the runtime monitor.

Display with 50%
The image will be displayed at a magnification of 50% on the runtime monitor.

Don’t Display
No image will be displayed on the runtime monitor.

Since displaying an image on the runtime monitor takes time, choose an option as appropriate for the
system's tracking time requirement. If you choose [Don’t Display], no image will be displayed on the
runtime monitor, allowing the vision process to run fastest. While [Display with 50%] takes more time
than [Don’t Display], it is faster than [Display with 100%].

Duplicate Results Tolerance
The position and angle of each found result is checked to see whether the result is the same as another
result. If there are multiple found results within the specified pixels and angle, the results are assumed to
the same workpiece and only the found result with the highest score is output.

Reference Data
The reference data is used to calculate offset data from the found result. The reference data mainly
consists of two types of data described below.

Part Z Height
Height of the found part of the workpiece as seen from the tracking coordinate system.

Reference Position
Position of the workpiece found when the robot position is taught. The offset data is the difference
between the actual workpiece position found when running the vision process and the reference
position.

A vision process might have more than one set of reference data. Under normal conditions, only one set
of reference data is used. However, for example, if there are two types of workpieces being carried on
the conveyor, each having a different height, the vision process uses two sets of reference data because it
needs to set a different "Z-direction height" for each of the workpieces.

Reference Data Index to Use
Choose one of the following to specify how to determine the reference data to use.

This Index
The same reference data is used to calculate the offset data.
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Model ID
Different reference data is used depending on the model ID of the found workpiece. Choose this in
such cases as when there are two types of workpiece having different heights.

ID
If [This Index] is selected in [Ref.Data Index To Use], enter the reference data ID to use.

Adding reference data
You can add or delete reference data as follows.

1. Clickthe J button.
2. In[Model ID], enter the model ID for which to use the reference data.

Part Z Height
Enter the height of the found part of the workpiece as seen from the tracking frame.

/A\ CAUTION
This is not the height from the surface of the conveyor. For example, if a thick
calibration grid is used to set up the tracking frame, then the value to be set is
obtained by subtracting the thickness of the calibration grid from the height of the
workpiece.

Reference Position Status
If the reference position is set, [Set] is displayed in green; otherwise, [Not Set] is displayed in red.

Reference Position X,Y,R
The coordinates of the set reference position are displayed.

7.10.2 Running a Test

Run a test to check whether the tool behaves as expected.

A pierob026 - RYEion - VT Setup - Microsolt Internet Explores

Wision Tools

2-D Single Visual Tracking VP

ratsan: TRACE -
CAMTRACK

" OO

Camera >

Found Results | [T v Rl | main | s | Comem
Fourd: 1 1 urs w3 1 ) [T

Tima ta Find: 2
Tima Feand:

Save || Cless || Help
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Snap and Find button
The tool snaps an image from the camera and attempts to find a workpiece.

Continuous S+F button
The tool repeats the Snap and Find operation.

Find button
The tool only attempts to find a workpiece without snapping an image. Use this function when you
want to confirm the effect of the same image with different location parameters.

Found
The number of found workpieces is displayed.

Time to Find
The time the location process took is displayed in milliseconds. If you have clicked the [Snap and Find]
button, this includes both the time it took to snap the image and the time it took to process it. If you
have clicked the [Find] button, this only represents the time it took to process the image and not the time
it took to snap it.

Found Result Table
The following values are displayed.

XY

Coordinate values of the model origin of the found workpiece (units: mm).
R

Rotation angle of the found workpiece around the Z axis (units: degrees).
Model ID

Model ID of the found workpiece.
Score

Score of the found workpiece.
Contrast

Contrast of the found workpiece.
Fit Error

Elasticity of the found workpiece (units: pixels).

7.10.3 Setting the Reference Position

Set the reference position. The offset value is calculated based on the relationship between the reference
position you set here and the found position.

1. Open the vision process Setup Page.
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In [ID] in [Reference Data], choose the reference data for which to set the reference position.
Place a workpiece in the camera view.

Click the [Snap and Find] button to find the workpiece.

Check that the workpiece has been found correctly, and click the [Set Ref. Pos.] button.
When the reference position is set, the following message appears.

Microsoft Internet Explorer

! : Trigger has been set, Please teach a handling point For robats which handle this part,
.

Check the message, and click the [OK] button.

The encoder value of the conveyor at the time of the reference position setting is set as the trigger for
each robot. Run the conveyor without touching the workpiece on it until the workpiece comes in front
of a robot, and teach the robot position.

7.10.4 Overridable Parameters

This vision process has no overridable parameters that can be overridden with Vision Override.

/.11 BIN-PICK SEARCH VISION PROCESS

This vision process determines the location, X, Y, Z, and R of the workpiece and it also determines the
yaw and pitch based on where the part is in the field of view. The height, or Z, is estimated based on the
found scale of the workpiece.
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The yaw and pitch are not the actual orientation of the workpiece but its position relative to the camera.

This allows a simple bolt item pick-up system with a magnetic gripper to pick-up the workpiece without
coming into contact with exterior walls.

Magnetic hand

A\

7.11.1 Setting up a Vision Process

If you select [Bin-Pick Search Vis.Process] in the tree view, a window like the one shown below appears.

A robot1 - iRVision - VPBINPICK Setup - Microsoft Internet Exploren
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State
If all the items have been set, [Trained] is displayed in green. If there is any item yet to be set, [Not

Trained] is displayed in red.
Camera Calibration
Select the camera calibration you want to use.
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Camera Setup
The name of the camera specified for the selected camera calibration is displayed.

Setting the Exposure Time
Set the camera’s exposure time to be applied when running the vision process. For detailed information
about the individual items to be set, see Subsection 4.12.10, “Setting an Exposure Mode”.

Multi-Locator Find Mode
If you have created more than one locator tool, select how to execute those tools.

Find Best
All the locator tools will be executed, and the best result will be chosen.  This is effective when you
want to identify the type or put location accuracy before processing time.

Find First
The locator tools will be executed sequentially from the top. The location process will stop as soon

as the specified number of workpieces have been found. The subsequent locator tools will not be
executed.

Number to Find

Enter the maximum number of workpieces to be found per measurement. The specifiable range is 1 to
100.

Image Logging Mode
Specify whether to save images to the vision log when running the vision process.

Don't Log
Do not save any images to the vision log.

Log Failed Images
Save images only when the vision operation fails.

Log All Images
Save all images.

/\ CAUTION
The execution of the next vision process cannot start until the image logging
operation for the preceding vision process execution is completed. The time
required to save images depends on the type of memory card in use and is
typically between 200 and 400 milliseconds per camera view.

Delete Duplicate Results If
The position and angle of each found result are checked to see whether the result is duplicated with
another result. If there are multiple found results within the specified pixels and angle, the results are
assumed to indicate the same workpiece and only the found result with the highest score is output.

Sorting Priority
Specify the priority to determine the pick-up order to be applied when more than one workpiece has been
found. The [Bin-Pick Search Vis.Process] calculates the priority using the results of the following five
items and sorts the results unlike other vision processes. You can specify which items are used for priority
calculation and how much these items reflect the calculation by checking [Enabled] for each required
item and setting weight for them. Priorities calculated according to these settings are relative values for
comparing workpieces with each other. The same priority is not always given to a found workpiece
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with the same size and score because calculation is performed so that the average priority of all
workpieces found at a time is almost 50.

Height
Priority is given to a workpiece with the largest Z value in the application user frame.

Score
Priority is given to a workpiece with a high score in the found result.

Aspect
Priority is given to a workpiece with a high ellipticity, that is, a small inclination.

Diff.Height

Priority is given to a workpiece with a height closest to the height (Z value in the application user
frame) of the workpiece last picked out.

Child N Found
As a pattern match model, the entire workpiece is taught to the parent pattern match tool. Then, as
a child tool of the parent pattern match, part of the workpiece is taught. Priority is given to a
workpiece with the maximum number of child tools. Use this item when you want to give priority
to a workpiece with a small section hidden by another workpiece.

S-S Ein-Pick Search Wis, Process
= E Parent GPM Locator
E GPM Locator Tool 1
E GPM Locatar Toal 2
GPM Locatar Toal 2
GPM Locatar Toal 4
E GPM Locatar Toal 5

Reference Data
The reference data is used to calculate offset data from the found results. The vision processes can have
more than one reference data. Typically, the vision process only has one reference data. However, in such
a case two types of workpieces are mixed, it is required to set the parameter which used to determine the
Z-direction height of the workpiece, the reference data and so on for each types of workpieces, so two
reference data are used.

Adding reference data
You can add reference data as follows.

1. Clickthe 1 button.
2. In[Model ID], enter the model ID for which to use the reference data.

Register Number
Use this item when [Use Register Value] is chosen in [App. Z Mode].  Specify the number of the register
that stores the workpiece height. To enable this field enable the Diff. Height field and give it a non zero
weight.

Setting the Reference Height and Size
Use this item when [Calculate From Found Scale] is chosen in [App. Z Mode]. Set the relationship
between the actual Z-direction height of the workpiece and the apparent size of the workpiece captured by
the camera.
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1.

Place one workpiece in the field of view. Determine the height of the workpiece above or below
the application user frame, this can be done using the robot with a pointer tool if desired. Enter this
height data in [Reference Height 1].

Click the [Snap and Find] button to find the workpiece. Then, click the [Set Scale] button and set
[Reference Scale 1].

Place a second workpiece in the field of view at a different height than the first. Determine the
height of the workpiece above or below the application user frame, enter this height data in
[Reference Height 2].

Click the [Snap and Find] button to find the workpiece. Then, click the [Set Scale] button and set
[Reference Scale 2].

Reference Position Status
If the reference position is set, [Set] is displayed in green; otherwise, [Not Set] is displayed in red.

Reference X, Y,Z, W, P, R
The coordinates of the set reference position are displayed.

Offset Limit
Specify the condition used to check whether the calculated offset value is within the specified range. By
default, [None selected] is set, in which case the offset limit check is not made. For information about
the offset limit check conditions, see Section 9.2, "OFFSET LIMIT".

7.11.2 Running a Test

Test to check whether the tool behaves as expected.

2N localhost - R¥ision - VRRINPICK Setup - Microsoft Internet Explorer

Zr—m
imim + | e x|of@ & #0345

.......
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......

Snap and Find button
The tool snaps an image from the camera and attempts to find a workpiece.

Continuous S+F button
The tool repeats the Snap and Find operation.
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Find button
The tool only attempts to find a workpiece without snapping an image. Use this function when you
want to confirm the effect of the same image with different location parameters.

Num. Found
The number of found workpieces is displayed.

Time to Find
The time the location process took is displayed in milliseconds. If you have clicked the [Shap and Find]
button, this includes both the time it took to snap the image and the time it took to process it. If you
have clicked the [Find] button, this only represents the time it took to process the image and not the time
it took to shap it.

Found Results table
The following values are displayed.

X, Y, Z
Coordinates of the model origin of the found workpiece (units: mm).

W, P
Inclination of the gaze line connecting the camera and found workpiece (units: degrees).

R
Rotation angle of the found workpiece around the Z-axis (units: degrees).

Model ID
Model ID of the found workpiece.

Score
Score of the found workpiece.

Size
Size of the found workpiece.

Contrast
Contrast of the found workpiece.

Fit Error
Elasticity of the found workpiece (units: pixels).

Priority
Pick-up priority given to the found workpiece.

NOTE
If you run a find test without setting the reference Z-direction height or size,
*reekkkxk is displayed for X, Y, Z, W, P, and R because these values cannot be
calculated.
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7.11.3 Setting the Reference Position

Set the reference position. The offset value is calculated based on the relationship between the reference
position you set here and the found position.

2N localhost - R¥ision - VRRINPICK Setup - Microsoft Internet Explarer

Zr—m
imim + | e x|of@ & #0345

|
1
1548
s

Open the vision process Setup Page.

Place a workpiece in the camera view for which you want to set the reference position.

Click the [Snap and Find] button to find the workpiece.

Click the [Set Ref. Pos.] button.

Check that [Reference Position Status] is set to [Set] and that a value is displayed for each reference
position element.

agrwbdE

Teach the robot the position where the workpiece is when the reference position is set. Teach the
position to the robot without touching the workpiece.

7.11.4 Overridable Parameters

This vision process has the following overridable parameters that can be overridden with Vision Override.
See 9.1 “VISION OVERRIDE” and 10.2.2.18 “OVERRIDE?” for details.

Exposure Time
Specify a number in milliseconds. If [Exposure Mode] of the vision process is set to [Auto], [Exposure
Mode] is temporarily changed to [Fixed] to use the specified exposure time when you override the
exposure time of the vision process.

Number of Exposure
Specify a number between 1 and 6.
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7.12 SINGLE VIEW INSPECTION VISION PROCESS

The single view inspection vision process, unlike ordinary vision processes intended for robot position
offsetting, makes "pass or fail" judgment as to inspection results.

7.12.1 Setting up a Vision Process

If you select [Single-View Inspection] in the tree view, a window like the one shown below appears.

R A0 DS RS - 190068 - ilWision -

ilid| | ] x|o|QQ) &k s 0]

Status
If all the items have been set, [Trained] is displayed in green. If there is any item yet to be set, [Not
Trained] is displayed in red.

Camera
Select the camera to be used.

Setting the Exposure Time
Set the exposure time to be applied when running the vision process. For detailed information about the
individual items to be set, see Subsection 4.12.10, "Setting an Exposure Mode".

Image Logging Mode
Specify whether to save images to the vision log when running the vision process.

Don't Log
Do not save any images to the vision log.

Log Failed Images
Save images only when the inspection result is "fail" or when judgment cannot be made.

Log All Images
Save all images.
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/\ CAUTION
The execution of the next vision process cannot start until the image logging
operation for the preceding vision process execution is completed. The time
required to save images depends on the type of memory card in use and is
typically between 200 and 400 milliseconds per camera view.

7.12.2 Setting a Measurement Plane

In a single view inspection vision process, measure length is either evaluated as the number of pixels on
the image or as a value converted into millimeters. To convert length into millimeters, mount the
calibration grid at the same height as the measurement plane, snap the grid pattern with the camera, and
set the measurement plane information. In this tutorial, the measurement plane is set because the width of
the connector needs to be evaluated in millimeters.

Grid Interval
Input the grid interval of the calibration grid in millimeters.

Override Focal Distance
Select [Yes] and input the nominal focal distance of the lens in millimeters.

It is possible to select [No] to calculate the focal distance automatically. However, when the camera
optical axis is perpendicular with the calibration grid, the focal distance cannot be calculated correctly.
If the focal distance calculated automatically deviates from the nominal focal distance by +10% or more,
select [Yes] and input the nominal focal distance of the lens used.

Height Offset from Plane
The measurement plane offset value needs to be specified when the height of the measurement plane to be
set (height of the target to be measured) differs from the height of the grid pattern plane of the placed
calibration grid. Input a positive value in millimeters when the measurement plane to be set is closer to
the camera than the grid pattern plane or a negative value when the measurement plane is farther from the
camera than the grid pattern plane.

Teaching a Measurement Plane
Snap an image of the calibration grid and set the measurement plane. Click the [Snap] button to capture
the image and click the [Train] button.

Adjust the red rectangle so that the grid is included in the frame. Since the calibration grid is generally
placed so that the grid is displayed over the entire field of view, the red rectangle is set to the full screen
mode. When the [OK] button is clicked, the calibration grid is detected and the measurement plane is
set.

When the measurement plane is set, the average scale on the set measurement plane is displayed in [Scale
Conversion]. The scale indicates the conversion factor between one pixel on the image and the length in
millimeters on the measurement plane, and its unit is mm/pix. When there is lens distortion or the
camera optical axis is not perpendicular to the measurement plane, the scale is not even in the image. So
the shown scale is the average value.

When the [Train] button is clicked and the measurement plane has already been taught, a message would
appear asking whether the measurement plane information should be changed or the change should be
canceled. If there are command tools that had already been taught, a change in the measurement plane
may change their measurement results. If the measurement plane is re-taught, these command tools may
need to be taught again as necessary.
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/A\ CAUTION
When the measurement plane is taught after command tools had been taught, it
is recommended to re-train those command tools that have measurement values
subjected to millimeter conversion.

7.12.3 Running a Test

Test to check whether the tool behaves as expected.

A localhost - iRVisian - YPINSPECT Setup - Microsoll Interne! Explorer

e e - S s -
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Snap and Find button
The tool snaps an image from the camera and attempts to find a workpiece.

Continuous S+F button
The tool repeats the Snap and Find operation.

Find button
The tool only attempts to find a workpiece without snapping an image. Use this function when you want
to confirm the effect of the same image with different location parameters.

Time to Find
The time the location process took is displayed in milliseconds. If you have clicked the [Snap and Find]
button, this includes both the time it took to snap the image and the time it took to process it. If you have
clicked the [Find] button, this only represents the time it took to process the image and does not include
the time it took to snap it.

Time Found
The time when the location process was executed is displayed.

Process Result
The result of the single view inspection is displayed.
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7.12.4 Overridable Parameters

This vision process has the following overridable parameters that can be overridden with Vision Override.
See 9.1 “VISION OVERRIDE” and 10.2.2.18 “OVERRIDE?” for details.

Exposure Time
Specify a number in milliseconds. If [Exposure Mode] of the vision process is set to [Auto], [Exposure
Mode] is temporarily changed to [Fixed] to use the specified exposure time when you override the
exposure time of the vision process.

Number of Exposure
Specify a number between 1 and 6.

7.13 ERROR PROOFING VISION PROCESS

Unlike the regular vision processes intended for robot position offset, the Error Proofing is a vision
process that judges whether the test result is acceptable or not.

/A CAUTION
Error proofing vision process is not available with V7.50P and later versions of
robot controllers. Instead, use its successor — Single view inspection vision
process. For single view inspection vision process, see Section 7.12, "SINGLE
VIEW INSPECTION VISION PROCESS"

7.13.1 Setting up a Vision Process

If you select [Error Proofing Vision Process] in the tree view, a window like the one shown below
appears.

[rwwn 1 08, nal=841)  100%] Vision Tools
J

o | ] ko @@) /X @)

......

Bertbp Parant Commard Tesl Lval %

Tears | Dareanding

Status
If all the items have been set, [Trained] is displayed in green. If there is any item yet to be set, [Not
Trained] is displayed in red.
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Camera Setup
Choose the camera to use.

Setting the Exposure Time

Set the camera's exposure time to be applied when running the vision process. For detailed information
about the individual items to be set, see Subsection 4.12.10, “Setting an Exposure Mode”.

Number to Find
Enter the maximum number of workpieces to be found per measurement.

Image Logging Mode
Specify whether to save images to the vision log when running the vision process.

Don't Log
Do not save any images to the vision log.

Log Failed Image
Save images only when the vision operation fails.

Log All Images
Save all images.

/A\ CAUTION
The execution of the next vision process cannot start until the image logging
operation for the preceding vision process execution is completed. The time
required to save images depends on the type of memory card in use and is
typically between 200 and 400 milliseconds per camera view.

7.13.2 Setting up Judgment Criteria

If you click the [Measurements] tab in the setup page for the error proofing vision process, a window like
the one shown below appears.

3 tecathest - R¥isien - PROUF Setup - Micreselt Intarmat Explorar

closa |[ malp |

Up to 10 judgment criteria can be set. You need to specify at least one judgment criterion. If you
specify more than one judgment criterion, the overall judgment is "pass" only when all the specified
criteria are met. I any of the criteria is not met, the overall judgment is "fail".
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Tool/Measurement Name
Choose the tool and measurement value for the vision tool to evaluate.

Range Mode
Choose the judgment criterion.
In
The judgment is "pass" when the measurement value is inside the range specified by [Min.] and
[Max].
Out
The judgment is "pass” when the measurement value is outside the range specified by [Min.] and
[Max.].
Min.

Specify the lower limit of the value range to be evaluated.

Max.
Specify the upper limit of the value range to be evaluated.

Result passes when
Refers to the results of any of the locator tools, like GPM, Blob, and Edge Pair Locator Tool. In the
example above, scale for the locator is used to determine if the hole is the proper size.

Vision process passes when
Refers to the Vision process Tool/Measurements like Num found, Num Passed, Num Failed, and Model
ID. It also refers to Histogram Results if the Histogram is at the parent level, not a child tool of another
locator. In the above example there has to be five holes, all of which are within the specified result
(scale between 99 and 101).

7.13.3 Running a Test

Run a test to check whether the tool behaves as expected.

2 localhost - RVistan - PROOF Setup - Micresaft Internet [xplarer
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Snap and Find button
The tool snaps an image from the camera and attempts to find a workpiece.
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Continuous S+F button
The tool repeats the Snap and Find operation.

Find button
The tool only attempts to find a workpiece without snapping an image. Use this function when you
want to confirm the effect of the same image with different location parameters.

Found
The number of found workpieces is displayed.

Passed/Failed
The number of passed workpieces and the number of failed workpieces are displayed. The passed and
failed criteria are determined by the setup of the results in the tool/measurement name.

Time to Find
The time the location process took is displayed in milliseconds. If you have clicked the [Snap and Find]
button, this includes both the time it took to snap the image and the time it took to process it. If you
have clicked the [Find] button, this only represents the time it took to process the image and not the time
it took to snap it.

7.13.4 Overridable Parameters

This vision process has the following overridable parameters that can be overridden with Vision Override.
See 9.1 “VISION OVERRIDE” and 10.2.2.18 “OVERRIDE” for details.

Exposure Time
Specify a number in milliseconds. If [Exposure Mode] of the vision process is set to [Auto], [Exposure
Mode] is temporarily changed to [Fixed] to use the specified exposure time when you override the
exposure time of the vision process.

Number of Exposure
Specify a number between 1 and 6.

/.14 READER VISION PROCESS

Reader vision process, unlike ordinary vision processes that returns vision offset to compensate robot
positions, reads the barcode and returns a result string.
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7.14.1 Setting up a Vision Process

If you select [Reader Vision Process] in the tree view, a window like the one shown below appears.

Figwon - WPRD_EG Selup - Microsall Internel Explorer

Status
If all the items have been set, [Trained] is displayed in green. If there is any item yet to be set, [Not
Trained] is displayed in red.

Camera
Select a camera to be used.

Setting the Exposure Time
Set the exposure time to be applied when running the vision process. For detailed information about the
individual items to be set, see Subsection 4.12.10, "Setting an Exposure Mode".

Image Logging Mode
Specify whether to save images to the vision log when running the vision process.

Don’t Log
Do not save any images to the vision log.

Log Failed Images
Save images only when the vision operation fails.

Log All Images
Save all images.

/A CAUTION
The execution of the next vision process cannot start until the image logging
operation for the preceding vision process execution is completed. The time
required to save images depends on the type of memory card in use and is
typically between 200 and 400 milliseconds per camera view.

-181-



7.VISION PROCESSES B-82774EN/04

7.14.2 Running a Test

Test to check whether the tool behaves as expected.

i+ | ol /e @34 e

Reader Vision Process

-
Fined

najm. GRS

Clase_|[ sl

Snap and Find button
The vision process snaps an image from the camera and attempts to find a workpiece.

Continuous S+F button
The vision process repeats the Snap and Find operation.

Find button
The vision process only attempts to find a workpiece without snapping an image. Use this function when
you want to confirm the effect of the same image with different parameters.

Time to Find
The time the vision process took is displayed in milliseconds. If you have clicked the [Shap and Find]
button, this includes both the time it took to snap the image and the time it took to process it. If you have
clicked the [Find] button, this only represents the time it took to process the image and does not include
the time it took to snap it.

Time Found
The time when the vision process was executed is displayed.

Found Result Table
The following values are displayed.

Model ID
Model ID of the found barcode.

String Result
String of the found barcode.
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Score
Score of the found barcode

7.14.3 Overridable Parameters

This vision process has the following overridable parameters that can be overridden with Vision Override.
See 9.1 “VISION OVERRIDE” and 10.2.2.18 “OVERRIDE” for details.

Exposure Time

Specify a number in milliseconds. If [Exposure Mode] of the vision process is set to [Auto], [Exposure

Mode] is temporarily changed to [Fixed] to use the specified exposure time when you override the
exposure time of the vision process.

Number of Exposure
Specify a number between 1 and 6.

7.15 IMAGE TO POINTS VISION PROCESS

This vision process extracts points on the outline of a workpiece and output view lines data which go
through the points. The 3-D positions of extracted points can be obtained by calculating the points of

intersection of the view lines and the plane corresponding to the workpiece surface. The 3-D positions
can be used to generate a robot motion path automatically.

/A\ CAUTION

This vision process does not use program commands for iRVision because
specific applications use this vision process and each application provides
KAREL programs to execute this vision process.

Vision Process execution Intersection calculation

Camera

o
N
S
Y
AN

View line going
through a point on
the outline

View line going A plane corresponding to //', [

through a point on the workpiece surface’ / t !
the outline L
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7.15.1 Setting up a Vision Process

If you select [Image To Points] in the tree view, a page like the one shown below appears.

e | ol joje #(3

Image To Points Vision Process
st Not Trained

v

Imzge Logging Meds: Log Failsd Images %

[_Snzp 2nd Find J[Continuous s+, Find )

It | Model 1D | Mum Poins |

Status
If all the items have been set, [Trained] is displayed in green. If there is any item yet to be set, [Not
Trained] is displayed in red.

Camera Calibration
Select the camera calibration you want to use.  You can use the following types of camera calibrations.
e  Grid Pattern Calibration
e  Robot-Generated Grid Calibration
e 3D Laser Vision Calibration

Camera Setup
The name of the camera specified for the selected camera calibration is displayed.

Setting the Exposure Time
Set the camera's exposure time to be applied when running the vision process.

Image Logging Mode
Specify whether to save images to the vision log when running the vision process.

Don't Log
Do not save any images to the vision log.

Log Failed Images
Save images only when the vision operation fails.

Log All Images
Save all images.
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/\ CAUTION
The execution of the next vision process cannot start until the image logging
operation for the preceding vision process execution is completed. The time
required to save images depends on the type of memory card in use and is
typically between 200 and 400 milliseconds per camera view.

7.15.2 Running a Test

Test to check whether the tool behaves as expected.

L.(‘: http://190.5.90.92/ — 190.5.90.92 — il EDGE Setup — Windows

xe_Fx - = - Vision Tools
il | =@y @/ @) g o -
Exposurs Mode: Fixed |V
Exposurs Time: 20.000| ms. E]E]
o | Multi Exposures: 1+,
Image Logging Mode: Log Failed Images |+
Camera (¥ [ Sn=p and Find |[continuous Rl Find |
Found Results Model 1D | Num Do | a
Faund Chains: 1z 1 1 &7
2 2 543
3078 3 3 266
4 4 208
451 ms. s M 180
15:33 & & a7
7 7 248
k-3 & 164
: P = v

Snap and Find button
The vision process snaps an image from the camera and attempts to extract the points on the outline of a
workpiece.

Continuous S+F button
The vision process repeats the Snap and Find operation.

Find button
The vision process only attempts to extract points without snapping an image. Use this function when
you want to confirm the effect of the parameter changes on the same image.

Found Chains
The number of found chains is displayed.

Found Points
The total number of the points extracted from found chains is displayed.

Time to Find

The time the vision process took is displayed in milliseconds. If you have clicked the [Snap and Find]
button, this includes both the time it took to snap the image and the time it took to process it. If you
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have clicked the [Find] button, this only represents the time it took to process the image and does not
include the time it took to snap it.

Time Found
The time when the vision process was executed is displayed.

Found Result Table
The following values are displayed.

Model ID
Model ID of each found chain.

Num Points
The number of points extracted from each found chain.

7.15.3 Overridable Parameters

This vision process has the following overridable parameters that can be overridden with Vision Override.
See 9.1 “VISION OVERRIDE” and 10.2.2.18 “OVERRIDE” for details.

Exposure Time
Specify a number in milliseconds. If [Exposure Mode] of the vision process is set to [Auto], [Exposure
Mode] is temporarily changed to [Fixed] to use the specified exposure time when you override the
exposure time of the vision process.

Number of Exposure
Specify a number between 1 and 6.
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8 COMMAND TOOLS

This chapter explains how to set the command tools.

8.1 GPM LOCATOR TOOL

The GPM Locator tool employs the image processing tool that is the core of iRVision. It checks a
camera-captured image for the same pattern as a model pattern taught in advance and outputs its location.
If you select the GPM Locator tool in the tree view of the setup page for the vision process, a setup page
like the one shown below appears.

W perob026 - M¥ision

el + | 6 2|

FIND1 Setup - Microsoft Internet Explorer

......

8.1.1 Setting up a Model

Teach the model pattern of the workpiece you want to find.

Teaching the model pattern
Teach the model pattern as follows.

Click the * button (green) to change to the live image display.

Place the workpiece near the center of the camera view.

Click the ™ button (red) to snap the image of the workpiece.

Click the [Teach Pattern] button.

Enclose the workpiece within the red rectangle that appears, and click the [OK] button. For
detailed information about the operation method, see Subsection 4.12.8, “Setting Window””.

RAIE IRl
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2 pderab026 - R¥iskan - FINDT Setup - Microsoft Internet Explarer

i + | v /ey &3] 5

Elick "K' o sccaptaden, "Cancel v dircard.

Training Stability
The evaluation results for items [Location], [Orientation], and [Scale] of the taught model pattern are
displayed as one of the following three levels.

Good: Can be determined stably.
Poor: Cannot be determined very stably.
None: Cannot be determined.

If Poor or None is displayed for an item, perform the relevant operation as follows.

Location:
Poor: Use the emphasis area or change the part to be taught as a model pattern.
None: Change the part to be taught as a model.

Orientation:
Poor: Use the emphasis area or change the part to be taught as a model pattern.
None: Uncheck the [Orientation] check box.

Scale:
Poor: Use an emphasis area or change the part to be taught as a model pattern.
None: Uncheck the [Scale] check box.

NOTE
For detailed information about items such as a model pattern, which can be
found stably, see Subsection 8.1.4.2, “Model Pattern” in Subsection 8.1.4,
“Setup Guidelines".

Training Mask
If the taught model pattern has any unnecessary items in the background, any unwanted or incorrect
features not found in all other parts, or any blemishes, you can remove them from the pattern by filling
that part with the color of red.

To edit a training mask, click the [Edit Trn. Mask] button on the [Training Mask] line. When an
enlarged view of the model pattern appears on the image display control, fill the unnecessary part of the
model pattern with the color of red. For detailed information about the operation method, see
Subsection 4.12.9, “Editing Mask”.
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Model origin
The model origin is the point that numerically represents the location of the found pattern. The
coordinate values (Row, Column) of the location of the found pattern indicate the location of the model
origin. When the found result is displayed on the image, a + mark appears at the model origin.

To move the model origin manually, click the [Set Origin] button. An enlarged view of the model
pattern appears on the image display control, and a red + mark appears at the current position of the
model origin. Drag the + mark with the mouse to move the model origin. For detailed information
about the operation method, see Subsection 4.12.7, “Setting a Point”.

If the taught model pattern is rotatable, you can calculate the rotation center and set the model origin there.
For example, when the taught model pattern is a circular hole, the model origin can be set at the center of
the circle. To set the model origin at the rotation center, click the [Center Origin] button. If the model
pattern is rotatable, the rotation center is calculated and the model origin is set at the rotation center. If
the model pattern is not rotatable and the rotation center cannot be calculated, a message to that effect
appears.

Emphasis Area

Use an emphasis area when the position of the workpiece cannot be determined correctly unless attention
is paid to a small characteristic part of that workpiece.

To set an emphasis area in the model pattern, click the [Edit EA] button on the [Emphasis Area] line.
When an enlarged view of the model pattern appears on the image display control, fill the part where you
want to set an emphasis area with the color of blue. For detailed information about the operation method,
see Subsection 4.12.9, “Editing Mask”.

When an emphasis area is used to stabilize orientation calculation or prevent incorrect location, the target
object fails to be found if the emphasis area cannot be found. In other words, if the emphasis area
cannot be found, the target object goes undetected even when the object itself is detectable.

Bias
The bias function adds bias to the found pose of this GPM Locator Tool so that the tool outputs the same
found position data as another GPM Locator Tool that has already been taught when a same workpiece is
detected. When this function is used, the same position data is output for a workpieces as far as placed
at the same position regardless of whether the workpiece is found by this GPM Locator Tool or another
existing GPM Locator Tool, which allows position offset using the same reference position data.
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Set the bias as follows:
1. Open the window for setting the GPM Locator Tool you want to set the bias.
. Click the [Set] button in [Model Origin Bias].
3. The following page appears. Select the GPM Locator Tool which is already trained as the
[reference tool].

Tool Selection

Please select a Basze Tool,

Base Tool

Use Mearest Rasule  []

4. Click the [OK] button. The tool attempts to find the workpiece using the model image of the
reference tool. When the tool finds the workpiece successfully, the bias is set. When the bias is
set properly, the model origin is changed so that the tool outputs the same found position as the
reference tool.

Usually, the [Use Nearest Result] check box should be unchecked. Then, when the tool finds two or more
workpieces in the image, the bias is calculated on the basis of the found workpiece which has the highest
score.

In case you want the tool to calculate the bias on the basis of another workpiece in the image, move the
model origin of the tool near the model origin of the reference tool manually and check this box. Then,
the bias is calculated on the basis of the found workpiece of the model origin of which is the nearest from
the model origin the reference tool.

Model ID
When you have taught two or more GPM Locator tools and want to identify which tool was used to detect
the workpiece, assign a distinct model ID to each tool. The model ID of the tool, which found the
workpieces, is reported to the robot controller along with offset data. This enables the robot program to
identify the type of the found workpieces.

8.1.2 Adjusting the Location Parameters

Adjust the location parameters.

Score Threshold
The accuracy of the found result is expressed by a score, with the highest score being 100. The target
object is successfully found if its score is equal to or higher than this threshold value. If the score is
lower, the target object is not found. Set a value between 10 and 100. The default value is 70.
Setting a small value might lead to inaccurate location.

Contrast Threshold
Specify the contrast threshold for the search. The default value is 50. If you set a small value, the tool
will be able to find the target in obscure images as well but take longer to complete the location process.
The minimum value is 1. If the tool is prone to inadequately find blemishes and other unwanted edges
with low contrast, try setting a larger value. Those image features whose contrast is lower than the
threshold are ignored. Selecting the [Image+Edges] in [Image Display Mode] lets you check the image
features extracted based on the current threshold.
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Area Overlap
If the ratio of overlap of the found objects is higher than the ratio specified here, then the found result for
the workpiece with the lower score is deleted, leaving only the one with the higher score. The ratio of
overlap is determined by the area where the models' external rectangular frames overlap. If you specify
100% as the limit value, the found results will not be deleted even if the workpieces overlap.

Elasticity
Specify a pixel value to indicate how much the pattern in the image is allowed to be deviated (distorted)
in geometry from the taught model. Setting a large value enables the tool to find the target in images
that are greatly deviated in geometry. However, the larger the value is, the more likely inaccurate
location becomes.

EA Score Threshold

Besides the score threshold for the entire model, specify the score threshold for the emphasis area alone
indicating how high the score must be for the object to be found. The default value is 70 points.

Allow Floating EA

This can be specified to allow the tool to find an object even if the position of the emphasis area is
deviated by two to three pixels relative to the position of the entire model pattern.

Search Window
Specify the range of the area of the image to be searched. The narrower the range is, the faster the
location process ends. The default value is the entire image. To change the search window, click the
[Set Search Win.] button. When a rectangle appears on the image, adjust its geometry, as when teaching
a model. For detailed information about the operation method, see Subsection 4.12.8, “Setting a
Window”.

Run-Time Mask
Specify an area of the search window that you do not want processed, as an arbitrary geometry. Use this
function when you want to specify a search window of an arbitrary geometry, such as a circle- or
donut-shaped window. The filled area will be masked in the rectangle specified as the search window
and will not be subject to the image processing. To change the run-time mask, click the [Edit RT Mask]
button. For detailed information about the operation method, see Subsection 4.12.9, “Editing a Mask”.

DOF - Orientation
Specify the range of orientation subject to be searched. The tool searches for a model rotated in the
range specified by [Minimum] and [Maximum], with the orientation of the taught model being 0 degrees.
The specifiable value range is from —360 to +360 degrees for both [Minimum] and [Maximum]. The
narrower the orientation range is, the faster the search process ends. If a range wider than 360 degrees is
specified, the range is automatically corrected to the range of —180 to +180 degrees when the vision
process runs.

If you uncheck this box, the orientation is ignored and the tool searches only for a model having the
orientation specified in [Nominal].

By default, the orientation search is enabled and the range is from —180 to +180 degrees.

DOF - Scale
Specify the range of scale to be searched. With the size of the taught model being 100%, the tool
searches for a model expanded or reduced by the ratio specified in [Minimum] and [Maximum]. The
specifiable value range is from 25% to 400% for both [Minimum] and [Maximum]. The narrower the
size range is, the faster the search process ends.

- 191 -



8.COMMAND TOOLS B-82774EN/04

If you uncheck this box, the scale is ignored and the tool searches only for a model having the scale
specified in [Nominal].

By default, the scale search is disabled.

DOF - Aspect

Specify the range of aspect ratios to be searched. With the ratio of the taught model being 100%, the
tool searches for a model flattened by the ratio specified in [Minimum] and [Maximum]. The specifiable
value range is from 50% to 100% for both [Minimum] and [Maximum]. The narrower the aspect ratio
range is, the faster the search process ends.

If you uncheck this box, the aspect ratio is ignored and the tool searches only for a model having the
aspect ratio specified in [Nominal].

By default, the aspect ratio search is disabled.

Time-out
If the location process takes longer than the time specified here, the tool ends the process without finding
all of the workpieces.

Result Plotting Mode

Select how the found results are to be displayed on the image after the process is run.

Plot Everything
The origin, features, and rectangle of the model will be displayed.

Plot Edges
Only the origin and features of the model will be displayed.

Plot Bounding Box
Only the origin and rectangle of the model will be displayed.

Plot Only Origin
Only the origin of the model will be displayed.

Plot Nothing
Nothing will be displayed.

Image Display Mode
Select the image display mode for the Setup Page.

Image
Only the camera image will be displayed.

Image+Results
The camera image and found results will be displayed.

Image+Edges
The camera image and features of the image will be displayed.

Model

The taught model pattern will be displayed. The features will be indicated in green, and the
emphasis area in blue.

-192 -



B-82774EN/04 8.COMMAND TOOLS

Model+Mask+EA
The taught model pattern, with an area overlaid that is masked as the emphasis area, will be
displayed.

8.1.3 Running a Test

Test to see if the tool can find workpieces properly.

A pderob02é Son - FINDY Setup - Microsoft Internet Explorer

el + | e )

Camars

Found Results
[m]

Snap and Find button

The tool snaps an image from the camera and attempts to find a workpiece.

Continuous S+F button
The tool repeats the Snap and Find operation.

Find button

The tool only attempts to find a workpiece without snapping an image. Use this function when you
want to confirm the effect of the same image with different location parameters.

Show Almost Found
If there is any workpiece that failed to be found because it fell just short of meeting the score, contrast,
orientation, scale, and/or other conditions, its test result is displayed. The result appears in a red
rectangle on the image.

Found
The number of found workpieces is displayed.

Almost Found
The number of workpieces that failed to be found because they were slightly outside the specified range
is displayed. "0" is displayed if the [Show Almost Found] check box is not checked.

Time to Find
The time the location process took is displayed in milliseconds. This is the image processing time and
does not include the time it took to snap the image.

Found Result Table
The following values are displayed.
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Row, Column
Coordinate values of the model origin of the found pattern (units: pixels).

Angle
Orientation of the found pattern (units: degrees). This is displayed only when the box for the
orientation search is checked.

Scale

Scale of the found pattern (units: %). This is displayed only when the box for the scale search is
checked.

Aspect Ratio
Aspect ratio of the found pattern (units: %). This is displayed only when the box for the aspect
ratio search is checked.

Score
Score of the found pattern.

Contrast
Contrast of the found pattern.

Fit Error
Deviation of the found pattern from the model pattern (units: pixels).

Emphasis Area

Score for the emphasis area only. This is displayed only when the box for the emphasis area is
checked.

8.14 Overridable Parameters

This command tool has the following overridable parameters that can be overridden with Vision Override.
See 9.1 “VISION OVERRIDE” and 10.2.2.18 “OVERRIDE” for details.

Score Threshold
Specify a number between 10 and 100.

Contrast Threshold
Specify a number between 1 and 250.

Elasticity

Specify a number between 1 and 5.

DOF Angle
Enable/disable selection, minimum angle, maximum angle and nominal angle can be specified. Specify
0 for disable or 1 for enabled. Specify a number between —360 and 360 for the minimum, maximum and
nominal angles.

DOF Scale

Enable/disable selection, minimum scale, maximum scale and nominal scale can be specified. Specify 0
for disable or 1 for enabled. Specify a number between 25 and 400 for the minimum, maximum and
nominal scales.
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DOF Aspect Ratio

Enable/disable selection, minimum aspect ratio, maximum aspect ratio and nominal aspect ratio can be
specified. Specify 0 for disable or 1 for enabled. Specify a number between 50 and 100 for the
minimum, maximum and nominal aspect ratios.

8.1.5 Setup Guidelines

Read these guidelines for a deeper understanding of how the GPM Locator tool works.

8.1.5.1 Overview and functions

This section provides an overview of the GPM Locator tool, describing what you can do and how you see
objects with this tool.

What you can do with the GPM locator tool
The GPM Locator Tool offers image processing capabilities to process images captured by the camera,
find the same pattern in an image as the pattern taught in advance, and output the position and orientation
of the found pattern. The pattern taught in advance is called a model pattern, or simply a model.

As the position and orientation of the object placed within the camera view change, the position and
orientation of the figure of that object captured through the camera also change accordingly. The GPM
Locator Tool finds where the same pattern as the model pattern is in the image fed from the camera.

If the figure of the object in the image has same pattern as the model pattern, the Locator Tool can find it,
regardless of differences of the following kinds:

Linear movement:
The position of the figure in the image is different than in the model pattern.

Rotation:
The apparent orientation of the figure in the image is different than in the model pattern.

Expansion/reduction:
The apparent size of the figure in the image is different than in the model pattern.

Model pattern

(1) Linear movement (2) Rotation (3) Expansion/Reduction

Fig. 8.1 Pattern movement
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What is the same pattern?
What does the GPM Locator Tool consider the "same pattern" as the model pattern? The GPM Locator
Tool has two criteria to judge whether a pattern is the "same pattern”" as the model pattern. When the
pattern meets both of the criteria, the GPM Locator Tool regards it as the "same pattern".

e  The figure has the same geometry.
e  The figure has the same dark/light polarity.

An understanding of what the GPM Locator Tool considers the same pattern helps you make the tool find
eligible patterns with increased stability.

Figure having the same geometry
First, we will discuss about a "figure having the same geometry".

For example, suppose that you look at circular cylinders via a camera, as in Fig. 8.2. While the figures
in Fig. 8.2 (a) and Fig. 8.2 (b) differ in position in the image, they are considered to have the "same
geometry" because both appear to be a perfect circle. The figure in Fig. 8.2 (c), on the other hand,
appears to be an ellipse in the image because the object is seen obliquely from the camera, whereas it is in
fact a circular cylinder like the objects in Fig. 8.2 (a) and Fig. 8.2 (b). Therefore, the tool considers the
figure in the image in Fig. 8.2 (¢) to have a "different geometry" from those in Fig. 8.2 (a) and Fig. 8.2

(b).

¢

.
(A
O &

(a) (b)

Fig. 8.2 When seen from the

Conversely, if the actual objects differ in geometry but their figures captured by the camera happen to be
geometrically identical, the GPM Locator Tool judges them to have the "same geometry".

Image distortion
There is another factor to consider when determining whether the figure in the image is geometrically
identical. It is image distortion.

No image captured via a camera is immune to distortion. Distortion occurs for a variety of reasons

including distortion of the camera lens itself, lack of parallelism between the lens and the light receiving

element surface, digitizing error, and improper lighting on the workpiece. Because of distortions

resulting from these problems, for example, the figure of a square workpiece captured by the camera can

be distorted in various ways, thus making the figure not exactly square. Also, when you snap an image
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of the same object several times, each resultant image might be distorted in a slightly different way due to
a minor change in lighting or another factor.

One obstacle to the GPM Locator Tool finding the same pattern as the model pattern in the image is the
"differences in distortion between the model pattern and the pattern in the image" stemming from these
image distortions. The model pattern is distorted, and so is the pattern in the image. The problem is
that the two models are distorted differently.

The GPM Locator Tool is designed to allow a "certain degree of geometric deviation" between two
patterns. Fig. 8.3 shows a little exaggerated example where the dotted line represents the pattern taught
as the model with the solid line representing the pattern found in the image. If the deviation between
these two patterns is within the allowable range, the GPM Locator Tool judges them to be geometrically
identical.

If there is any part where the deviation is greater than the allowable range, the GPM Locator Tool regards
the part as "missing from the pattern in the image", judging that its geometry is different only in that
particular part.

———

Allowable

range

Fig. 8.3 Geometric deviation

Also, the phenomenon of a circular cylinder being presented as an ellipse, as in Fig. 8.2, might be due to
an image distortion occurring because the camera's optical axis is not perpendicular to the surface of the
circular cylinder. Therefore, even when the object is slightly slanted, it is judged to have the same
geometry if the resulting distortion is within the allowable range.

Figure having the same dark/light polarity

Next, we will discuss about a "figure having the same dark/light polarity".

Suppose you have two images as shown in Fig. 8.4 (a) and Fig. 8.4 (b). The figures in Fig. 8.4 (a) and
Fig. 8.4 (b) have the same geometry because both are squares of the same size. However, Fig. 8.4 (a)
has a dark square on a light background, while Fig. 8.4 (b) has a light square on a dark background. The
difference between these two concerns "which is light, workpiece (square) or background", i.e. the
difference in dark/light polarity. If the patterns differ in dark/light polarity, the Locator Tool judges
them different even when they are geometrically identical.

Therefore, if you teach a model pattern like the one in Fig. 8.4 (a), the tool cannot find a pattern like the
one in Fig. 8.4 (b).
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(a)

Fig. 8.4 Dark/light polarity

Next, suppose that you teach the pattern in Fig. 8.4 (a) as the model pattern and then obtain images with
the patterns shown in Fig. 8.5. The image in Fig. 8.5 (a) has uneven brightness in the background, and
the image in Fig. 8.5 (b) has uneven brightness in the workpiece (square). The image in Fig. 8.5 (c) has
uneven brightness in both the background and the workpiece.

These three patterns all have the same dark/light polarity as Fig. 8.4 (a) in the upper half of the square and
as Fig. 8.4 (b) in the lower half of the square. This means that the dark/light polarity is the same as the
model pattern only for half of the pattern. Therefore, the tool judges the patterns to be half identical and
half different.

(a) () (0
Fig. 8.5 Dark/light polarity

One thing to note is that "the human eye is quite insensible to dark/light polarity”. What are shown in
Fig. 8.4 and Fig. 8.5 are mere examples where the dark/light polarity is very easy to discern. In most
actual images, "telling which is lighter and which is darker" requires a considerable amount of attention.
If the tool fails to find a pattern, it might be necessary to check whether the "dark/light polarity is in the
reverse direction".

Missing or extra feature
Next, suppose that you teach the pattern in Fig. 8.6 (a) as the model pattern and then have an image
captured by the camera with the pattern shown in Fig. 8.6 (b). The pattern in Fig. 8.6 (b) does not
contain a white circle, which is found in the model pattern in Fig. 8.6 (a).

If a feature found in the model pattern is missing from the pattern in the image, the Locator Tool judges
that the pattern is different by as much as that missing feature. In this case, the pattern in Fig. 8.6 (b) is
considered to be different from the model pattern in Fig. 8.6 (a) in that "it is missing the white circle".

Conversely, what happens if you teach the pattern in Fig. 8.6 (b) as the model pattern and then have an
image captured by the camera with the pattern shown in Fig. 8.6 (a)?

The GPM Locator Tool judges that the pattern in the image has the "same geometry", even if it contains
an extra feature not found in the model pattern. Therefore, the pattern in Fig. 8.6 (a) is considered to
have the "same geometry" as the model pattern in Fig. 8.6 (b).
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(a) )]

Fig. 8.6 Missing or extra feature

Pattern similarity
We have discussed the criteria concerning a number of factors such as geometry, image distortion,
dark/light polarity, and missing feature. However, not all these criteria need to be satisfied fully. It is
virtually impossible to eliminate the influence of the discussed factors completely. The GPM Locator
Tool is designed to allow the influence of these factors to a certain degree. In other words, the tool is
meant to find "similar patterns”, rather than "the same patterns".

One measure of similarity is by evaluating how similar the pattern found in the image is to the model
pattern. While this is generally called the degree of similarity, the Locator Tool refers to this value as a
score. The score is a numerical value ranging from 0 to 100 points. If the pattern fully matches, it gets
a score of 100 points. If it does not match at all, the score is 0. If the pattern in the image has any part
that is "distorted because of the lens distortion", that is "distorted due to parallax", that has a "different
dark/light polarity"”, that is "missing a feature", or that does not match for any other reason, the score is
reduced from 100 points accordingly. If such parts account for 30% of the model pattern, the score is 70
points.

When you have the GPM Locator Tool find a matching pattern in an image, you specify a score threshold
so that the tool "finds patterns whose score is higher than the specified threshold".

8.1.5.2 Model Pattern

The first thing you do when using the GPM Locator Tool is to teach the object you want the tool to find
as a model pattern. This section provides the guidelines on teaching a model pattern.

Teaching a model pattern

Teach the geometry of the workpiece as seen via the camera as a model pattern. To teach a model
pattern, read the image of the workpiece from the camera and enclose the part of the image you want to
register as a model pattern within a rectangle. It is important to place the workpiece so that it comes to
the center of the image. An image seen via the camera is subject to various kinds of distortion such as
the distortion of the camera lens. Such distortions become minimal near the center of the image. When
teaching a model pattern, therefore, make sure that the workpiece is placed so that it comes as near to the
center of the image as possible.

Geometries whose position cannot be determined
There are some types of geometries whose position, orientation, or other attributes cannot be determined.
If the position or orientation of the geometry taught as the model pattern cannot be determined, the GPM
Locator Tool cannot find the pattern properly. Examples of such geometries are given below.

<1> Geometries whose position cannot be determined
With the geometries shown in Fig. 8.7 (a) and Fig. 8.7 (b), the position cannot be determined in the

direction parallel to the line. Avoid using these patterns as a model pattern unless "you do not mind
which part of the pattern the tool finds as long as the tool finds the pattern".
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In these cases, the images captured by the camera look perfectly identical to the human eye, whereas the
position found by the GPM Locator Tool differs for each pattern. This is because images are subject to
distortion, as earlier described. Although humans see the pattern as a straight line, both the model
pattern and the pattern in the image are in fact distorted, uneven curved lines. The tool searches for the
position where the two uneven curved lines best match each other. Even if you snap multiple images
consecutively with the workpiece fixed to the same place, the position where the unevenness matches
varies for each image, since all the images are distorted in slightly different ways.

(a) Straight line (b) Parallel lines (¢) Equally spaced identical features

Fig. 8.7 Geometries whose position cannot be

Care must be exercised as well when identical features are equally spaced, as shown in Fig. 8.7 (¢). For
example, if you teach three of the five black circles as the model pattern, the tool cannot discern which
three black circles to find. Therefore, you should avoid using such a geometry as the model pattern.

Even if you teach all the five black circles as the model pattern, a pattern gets a score as high as 80 points
when it matches four of the black circles. This makes the found result unreliable when the score is lower
than 90 points.

<2> Geometries whose orientation cannot be determined

The orientation of the circle shown in Fig. 8.8 (a) cannot be determined, because the orientation of the
pattern in the image matches that of the model pattern no matter how the model pattern is rotated. In
this case, specify that the orientation is to be ignored in the search.

Since the orientation of the rectangle shown in Fig. 8.8 (b) perfectly matches at both 0 and 180 degrees, it
is unknown which orientation the tool will find. In this case, limit the search range of orientation, as in
—90 degrees to +90 degrees. The same is true with regular triangles and polygons.

(a) Circle () Rectangle

Fig. 8.8 Geometry whose orientation cannot be determined

<3> Geometries whose scale cannot be determined
As for a corner like the one shown in Fig. 8.9, the scale cannot be determined because the pattern in the

image fully matches the model pattern no matter how many times its size is expanded. In this case,
specify that the scale is to be ignored in the search.
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Fig. 8.9 Geometry whose scale cannot be determined

Masking the model pattern
As described earlier in "Missing or extra feature", if a feature found in the model pattern is missing from
the pattern in the image, the GPM Locator Tool judges that the pattern is different by as much as that
missing feature. On the other hand, however, the tool ignores extra features. Therefore, if there is any
extra feature that happens to exist in the image when the model pattern is taught, it is desirable not to
include that feature in the model pattern.

The GPM Locator Tool allows you to mask a specific part of the image and to remove that part from the
model pattern after the model pattern teaching operation. This process is called "masking the model
pattern”. If the image taught as a model pattern includes any of the parts described below, mask those
parts and remove them from the model pattern.

<1> Part where the distance from the camera differs

When you see an object through a camera, what is known as parallax occurs. Even when an object is
moved linearly by the same amount in the actual space, the amount of travel in the image seen via the
camera varies, if the distance from the camera to the object is different. This difference in the amount of
travel is called parallax.

When you move an object having a certain height, the distance from the camera differs for the top and
bottom of the object and the amount of travel seen via the camera varies due to parallax. This means
that moving the object results in changes not only in position but also in geometry in the image.

For example, consider a glass like the one shown in Fig. 8.10 (a). If you place the glass so that it comes
near the center of the image, the camera views the glass from right above and the resultant pattern is a
concentric double circle as shown in Fig. 8.10 (b). If you place the glass so that it comes to a corner of
the image, however, the resultant pattern is an eccentric double circle due to the parallax effect as shown
in Fig. 8.10 (¢). Since the patterns in Fig. 8.10 (b) and Fig. 8.10 (c) differ in geometry, the pattern in Fig.
8.10 (c) cannot be found even if the pattern in Fig. 8.10 (b) is taught as the model pattern.

@
O)

(a) () (©

Fig. 8.10 Effect of parallax
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To avoid this problem, any part where the distance from the camera is different must be masked and
removed from the model pattern. In the case of the glass, mask either the outer or inner circle.

As described earlier, the GPM Locator Tool allows distortion between the model pattern and the pattern
in the image as long as the distortion is within the allowable range. If the difference in geometry caused
by parallax is within the allowable range of distortion, the GPM Locator Tool can find the pattern.

Also, widening the distance between the camera and the workpiece helps alleviate the effect of parallax.

<2> Part that looks differently for each workpiece

When you capture an image of a workpiece via the camera, the image sometimes might contain a feature,
such as a blemish, that looks different for each workpiece or each time the position of the workpiece is
changed. The GPM Locator Tool pays attention to such features as well when searching the image for a
pattern identical to the taught model pattern. Therefore, removing these features from the model pattern
helps the tool find matching patterns more accurately.

Mask the following parts to remove them from the model pattern.
Blemish on the workpiece

Unevenness on the workpiece surface (e.g. casting surface)
Part that happens to appear aglow

Shadow

Hand-written letters and marks

Label

<3> Part where dark/light polarity is irregular

When the position or orientation of an object is changed, the way the object is illuminated and how
shadows are cast on it might change as well, thus altering the dark/light polarity of the figure in the image.
As described earlier, the GPM Locator Tool considers a pattern different if its dark/light polarity is
different.

When you snap images of actual workpieces, it is often the case that the dark/light polarity appears
reversed in some parts of the pattern although the overall dark/light polarity of the pattern remains
unchanged. These parts look different for each workpiece, as described in <2>, and removing them
from the model pattern helps the tool find matching patterns more accurately.

Other points to note
Basically, the more complex the geometry you teach as the model pattern is, the more stable the found
result becomes. For example, a small circle is often difficult to be distinguished from a blemish. When
the model pattern has a complex geometry, it is very unlikely that an unintended object happens to look
like it.

Masking the model pattern excessively might draw you into the pitfall described above. If you mask too
many parts of the model pattern, you can end up with a pattern having a very simple geometry, causing
the tool to find an "unintended object" that happens to be included in the image. Or, the model pattern
you teach might have a "geometry whose position or orientation cannot be determined".

8.1.5.3 Found Pattern

This section explains about the pattern found by the Locator Tool.

Position of the found pattern
When the GPM Locator Tool finds a pattern identical to the model pattern in the image, it outputs the
coordinates of the "model origin" of that found pattern as the "position of the pattern”.
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You can set the position of the model origin anywhere you like. When you initially teach the model
pattern, the model origin is positioned in the center of the rectangle you use for teaching the model
pattern. No matter where you set the model origin, the probability of finding and the location accuracy
of the GPM Locator Tool will not be affected.

If you change the position of the model origin, the tool outputs different coordinates even when it finds a
pattern at the same position in the image. Changing the position of the model origin after setting the
reference position makes it impossible to perform robot position offset normally. Note that, after you
change the position of the model origin, you need to change the reference position and the taught robot
position accordingly.

Orientation and scale of the found pattern
When the GPM Locator Tool finds a pattern identical to the model pattern in the image, it outputs the
orientation and scale of the found pattern relative to the model pattern as Orientation and Scale.

The orientation of the found pattern indicates by how many degrees it is rotated with respect to the model
pattern. The scale of the found pattern shows how many times it is expanded with respect to the model
pattern.

Score of the found pattern
The GPM Locator Tool represents how similar the pattern found in the image is to the model pattern, by
using an evaluation value called score. The score is a numerical value ranging from 0 to 100 points. If
the pattern fully matches, it gets a score of 100 points. If it does not match at all, the score is 0.

For example, a score of 70 points indicates that the pattern in the image is 30% different from the model
pattern because it has parts that are "hidden beneath other objects", that are "invisible due to halation",
that are "distorted because of the lens distortion", that are "distorted due to parallax", that have a
"different dark/light polarity", etc.

To judge whether proper values are obtained, repeat the find test while changing the position and
orientation of the workpiece in the image. The desirable situation is where you constantly get a score of
over 70 points, preferably 80 points or more.

If this is not the case, check the following:

Whether the lens is dirty

Whether the lens is in focus

Whether the lens diaphragm is properly adjusted

Whether the type of lighting is adequate

Whether the brightness of lighting is properly adjusted

Whether the points described in "Masking the model pattern" are followed

Elasticity of the found pattern
The GPM Locator Tool represents how much the pattern found in the image is distorted with relation to
the model pattern, by using an evaluation value called elasticity. The elasticity is 0 pixels if the found
pattern fully matches the model pattern. The value will be 0.4 pixels if "some parts of the found pattern
fully match and some parts are deviated by 1 pixel with an average deviation of 0.4 pixels". The smaller
the value is, the less distorted the found pattern is with relation to the model pattern.

To judge whether proper values are obtained, repeat the find test while changing the position and
orientation of the workpiece in the image. The desirable situation is where you constantly get an
elasticity value of below 1.0 pixel, preferably 0.5 pixels or less.

If this is not the case, check the following:
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Whether the lens is in focus

Whether the lens diaphragm is properly adjusted

Whether the type of lighting is adequate

Whether the brightness of lighting is properly adjusted

Whether the points described in "Masking the model pattern" are followed

Contrast of the found pattern
In addition to score and elasticity, there is one more evaluation value that the GPM Locator Tool finds -
contrast. This value represents "how clearly the pattern found in the image can be seen". The value of
contrast ranges from 1 to 255. The larger the value, the clearer the pattern.

Contrast is irrelevant to "whether the pattern is identical to the model pattern". For example, take the
ellipses shown in Fig. 8.11 (a) and Fig. 8.11 (b). Since the ellipse in Fig. 8.11 (a) is seen clearly, it has a
higher contrast value than the one in Fig. 8.11 (b). Still, these ellipses get the same score because their
geometry and dark/light polarity are the same. However, if any part of the ellipse in Fig. 8.11 (b) is
invisible because of low contrast, the pattern's score is reduced as much.

(a) High contrast (b) Low contrast

Fig. 8.11 Contrast

To judge whether proper values are obtained, repeat the find test while changing the position and
orientation of the workpiece in the image. The desirable situation is where you constantly get a contrast
value of 50 or higher. Also, the contrast of an image widely varies depending on the weather condition
and the time of the day. Make sure that contrast values of 50 or higher are obtained in different time
zones of the day.

If this is not the case, check the following:

Whether the lens is dirty

Whether the lens is in focus

Whether the lens diaphragm is properly adjusted
Whether the type of lighting is adequate

Whether the brightness of lighting is properly adjusted
Whether ambient light is present

8.1.5.4 Location Parameters

This section provides the guidelines on adjusting the parameters of the GPM Locator Tool.

Search Window
Specify the range of the area of the image captured from the camera that is searched for the pattern. The
default value is the entire image.

The size of the search window is determined based on the application that uses the GPM Locator Tool.
For example, if the workpiece is likely to appear anywhere in the image, select the entire image. If the
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workpiece is considered to appear at almost the same position in every shot, the search window can be
narrowed.

The narrower the search window is, the faster the location process runs.

If you choose a type of lens that offers a wider camera view, you can narrow the search window. This
approach is not recommended, however, since it will degrade the location accuracy. Determine the scale
of the camera view according to the amount of deviation of the found workpiece, and then specify the size
of the search window in the image based on that scale.

Run-Time Mask
You can set masks within the range that is specified as the search window.

Use this function when you want to specify a circular or other non-rectangular geometry as the search
range.

Orientation range
Choose whether to ignore orientation in the search.

<1> Ignore orientation in the search
<2> Do an orientation search within the range specified by the upper and lower limits

For example, suppose that you teach the geometry shown in Fig. 8.12 (a) and that the image captured by
the camera shows the workpiece having the same geometry but rotated at 5 degrees.

If you specify <I>, orientation is ignored in the search. The tool pays attention only to the orientation
specified by the reference value and finds those patterns that are not rotated like the one shown in Fig.
8.12 (b). Any deviation in orientation is regarded as geometrical distortion, and the score is reduced as
much.

If you specify <2>, an orientation search is done within the range specified by the upper and lower limits.
Therefore, a pattern like the one shown in Fig. 8.12 (c) can also be found as a fully matching pattern.

In the case of <2>, care must be taken because a pattern is not found if its orientation is outside the
orientation range specified by the upper and lower limits, regardless of how slightly. For example, when
you have taught a regular triangle as the model pattern, the tool will mathematically be able to find any
triangle if you specify the orientation range as from —60 degrees to +60 degrees. In actuality, however,
the orientation of some triangles might not fit into this range, like —60.3 degrees and +60.2 degrees. To
avoid this problem, set the orientation range with small margins, as from —63 degrees to +63 degrees.

The time the location process takes is shorter in the case of <1> than <2>. If you specify <2>, the
location process takes less time when the orientation range is narrower.

\
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|
\
\
[l
|
\
\

(a) Model pattern (b) Reference orientation 0° (¢) Orientation range +180°

Fig. 8.12 Orientation range

Scale range
Choose whether to ignore scale in the search.
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<1> Ignore scale in the search
<2> Do a scale search within the range specified by the upper and lower limits

For example, suppose that you teach the geometry shown in Fig. 8.13 (a) and that the image captured by
the camera shows the workpiece having the same geometry but expanded by 3%.

If you specify <1>, scale is ignored in the search. The tool pays attention only to the scale specified by
the reference value and finds those patterns that are not expanded like the one shown in Fig. 8.13 (b).
Any deviation in scale is regarded as geometrical distortion, and the score is reduced as much.

If you specify <2>, a scale search is done within the range specified by the upper and lower limits.
Therefore, a pattern like the one shown in Fig. 8.13 (¢) can also be found as a fully matching pattern. In
the case of <2>, care must be taken because a pattern is not found if its scale is outside the range specified
by the upper and lower limits, regardless of how slightly.

The time the location process takes is shorter in the case of <1> than <2>. If you specify <2>, the
location process takes less time when the scale range is narrower.

(a) Model pattern (b) Reference scale 100% (¢) Scale range £10%

Fig. 8.13 Scale range

Note on the scale

A change in the scale, or a change in the size of the figure in the image captured by the camera, means
that "the distance between the camera and the workpiece has changed". As described with relation to
parallax, if the distance between the camera and the workpiece changes, the actual travel amount of the
object becomes different even if the apparent travel amount in the image remains unchanged. Therefore,
a change in the distance between the camera and the workpiece makes the tool unable to calculate the
actual travel amount of the object correctly from the travel amount of the object in the image. This can
impede the accurate offset of the robot position.

If the apparent scale has changed even though the distance between the camera and the workpiece has not
changed, you might have altered the lens zoom or focus. In this case, by letting the GPM Locator Tool
do a scale search as well, you can have the location process itself accomplished. Doing so, however,
makes the tool unable to calculate the actual travel amount of the object correctly from the travel amount
of the object in the image, thereby impeding the accurate offset of the robot position.

When using the scale search, make sure that not only the GPM Locator Tool but also the entire
application, including robot position offset, are prepared for cases when patterns having different scales
are found.

Score threshold

Specify the score threshold for a pattern to be found. A pattern in the image is not found if its score is
lower than the specified threshold. The default value is 70 points.
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To determine the threshold, repeat the find test while changing the position and orientation of the
workpiece in the image. Identify the worst score, and set the value obtained by subtracting 5 to 10
points from that worst score.

Lowering the score threshold forces the GPM Locator Tool to examine many parts of the image where a
pattern can potentially be found, thus resulting in a longer location process. Conversely, raising the
score threshold lets the tool narrow down the parts to examine, leading to a shorter location time.

If you need to set the score threshold to lower than 60, the lens setup or lighting is often inadequate.
Before setting a low threshold, check the following:

e  Whether the lens is dirty

Whether the lens is in focus

Whether the lens diaphragm is properly adjusted

Whether the type of lighting is adequate

Whether the brightness of lighting is properly adjusted

Whether the points described in "Masking the model pattern" are followed

Whether the lens setup has not been changed since teaching the model pattern

Whether the distance between the camera and the workpiece has not been changed since teaching the
model pattern

Contrast threshold
Specify the contrast threshold for a pattern to be found. A pattern in the image is not found if its average

contrast is lower than the specified threshold. The specifiable contrast threshold value range is 10 to 255.
The default value is 50.

To determine the threshold, repeat the find test while changing the position and orientation of the
workpiece in the image. Identify the lowest contrast, and set the value obtained by subtracting 10 or so
from that lowest contrast. The contrast widely varies depending on the time of the day, the weather
conditions, and so on. Conduct tests in different time zones on different days to confirm the validity of
the threshold.

A higher contrast threshold leads to a shorter location process.

If you need to set the contrast threshold to lower than 20, the lens setup or lighting is often inadequate.
Before setting a low threshold, check the following:

e  Whether the lens is dirty

Whether the lens is in focus

Whether the lens diaphragm is properly adjusted

Whether the type of lighting is adequate

Whether the brightness of lighting is properly adjusted

Whether the points described in "Masking the model pattern" are followed

Allowable elasticity
Specify the upper limit of elasticity with relation to the model pattern for a pattern to be found. The
allowable elasticity must be specified in pixels. The default value is 1.5 pixels.

This default value rarely needs to be changed. It is not recommended to set a large value for the
allowable elasticity, except in the case of a "bag-like workpiece whose geometry is subject to change".

What differs between when a small value is set for the allowable elasticity and when a large value is set is
explained below, using a rather extreme example. Suppose that you have taught a circle, like the one
shown in Fig. 8.14 (a), as the model pattern, and you have a pentagon in the image, as shown in Fig. 8.14
(b). When a small value is set for the allowable elasticity, the pattern in Fig. 8.14 (b) is not found
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because its geometry is judged different. When a large value is set for the allowable elasticity, however,
even the pattern in Fig. 8.14 (¢) is considered to have the same geometry and is found.

(a) Model pattern (b) Allowable range +1.5 pixels (c) Allowable range +4.0 pixels

Fig. 8.14 Allowable elasticity range

When a large value is set for the allowable elasticity, the GPM Locator Tool needs to take many distorted
geometries into consideration and takes longer to find a pattern. Conversely, setting a small value leads
to a shorter location time.

When a large value is set for the allowable elasticity, it appears that patterns can be found with high
scores. However, this setting is often prone to incorrect location or failure to find a matching pattern.
This can also be inferred from the example in Fig. 8.14 (¢). Keep in mind that setting a large value for
the allowable elasticity can generally result in frequent incorrect locations.

Using an emphasis area
After teaching a model pattern, you can specify that attention is to be paid to a specific part of the model
pattern. Such a part is called an emphasis area. In the cases described below, specifying an emphasis
area enables stable pattern location.

<1> When the position cannot be determined without paying attention to a small part

The position and orientation of both of the patterns shown in Fig. 8.15 can be uniquely determined.
Without the parts enclosed within the dotted-line boxes, however, they will end up being "geometries
whose position or orientation cannot be determined". What is distinctive of these parts enclosed within
the dotted-line boxes is that they are relatively small in comparison with the entire model pattern.

In such cases, the tool often finds the orientation or position incorrectly, because the pattern as a whole
appears to match well, even though the part enclosed within the dotted-line box cannot be seen.

|\

Specify these parts as pemmmom

1

! I

. ! I
emphasis areas. ! . !

(a) Key groove in a circle (b) Line and small circle

Fig. 8.15 Emphasis area
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Humans unconsciously pay attention to these small parts, while the GPM Locator Tool needs to be taught
to do so. Such small parts that require special attention are called emphasis areas. Teaching emphasis
areas to the GPM Locator Tool makes it able to find position and orientation more accurately.

If the part specified as an emphasis area cannot be seen in the image, the pattern is not found, because the
tool cannot verify that the correct pattern is found.

<2> When an incorrect pattern is found unless attention is paid to a small part

Suppose that you have two patterns of Figs. 7.16 (a) and (b) mixed in the mage and want the tool to find
only the pattern of Fig. 8.16 (b). You teach the pattern of Fig. 8.16 (b) as the model pattern. However,
the pattern of Fig. 8.16 (a) has basically the same geometry, except for lack of the white circle, and thus
gets a score of 90 points or higher, making it difficult for the tool to find only the pattern of Fig. 8.16 (b).
In such a case, specify the white circle, which is contained only in the pattern of Fig. 8.16 (b), as an
emphasis area. Doing so allows the tool to find only the pattern of Fig. 8.16 (b) having the white circle
more reliably.

If the part specified as an emphasis area cannot be seen in the image, the pattern is not found, because the
tool cannot verify that the correct pattern is found.

Conversely, if you want only the pattern of Fig. 8.16 (a) to be found, it is impossible for the Locator Tool
alone to make this discrimination. In that case, you can use a sub-tool such as a Blob tool to detect the
white circle along with a conditional execution tool to reject the found pattern if the white circle is
present.

() (b)

Fig. 8.16 Emphasis area

Emphasis area threshold
In addition to the score for the entire model pattern, specify a threshold indicating how much of the
emphasis area is to be matched for a pattern to be found. The default value is 70 points.

As with the "score threshold", it is not recommended to set a small value for this threshold (the value
should be at least 50 points). Setting too small a value makes the use of an emphasis area meaningless.

Allowing the position deviation of the emphasis area
When you have an emphasis area to be used for location, you can specify that the tool is to allow an
emphasis area even if its position is deviated by two or three pixels with respect to the position of the
entire model pattern.

For example, suppose that you teach the pattern in Fig. 8.17 (a) as the model pattern and specify the white
triangle as an emphasis area. Without the triangle, the tool can only search for the pattern as a rectangle
at £90 degrees. With the triangle, however, the tool can do the search using +180 degrees. In other
words, the triangle is used to distinguish between 0 and 180 degrees.
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(a) (b)

Fig. 8.17 Floating of the emphasis area

To make the situation complicated, however, the triangle is a mark on the label affixed on the cardboard
package. Assume that the label is put at the same position on most packages, while it is out of position
on some. In the latter case, the emphasis area in the model pattern does not match the triangle in the
image, as shown by the dotted line in Fig. 8.17 (b), and the tool fails to find the pattern because it
considers that the emphasis area does not match. By teaching the tool to allow the position deviation of
the emphasis area, you can have a pattern found even if a figure identical to the emphasis area is deviated
by two to three pixels.

The use of this function causes the tool to take longer to find a pattern. Depending on the nature of the
image (particularly complex images with much noise), incorrect location can occur. Before using this
function, thoroughly test its effectiveness.

Area overlap
If the patterns found in an image overlap one another at more than a specified ratio, the GPM Locator
Tool leaves only the pattern having the highest score and deletes the others.

For example, suppose that you teach a regular triangle, like the one shown in Fig. 8.18 (a), as the model
pattern and specify the orientation range as from —180 degrees to +180 degrees. The GPM Locator Tool
recognizes that a pattern matches at three different orientations, as shown in Fig. 8.18 (b). Since these
three patterns overlap one another, however, the tool leaves only one pattern having the highest score,
ignoring the others.

N A

</

() (b)

Fig. 8.18 Overlap restriction

Whether two patterns overlap is determined by whether the area where the patterns' rectangular frames
overlap is larger than the ratio specified for overlap restriction. If the ratio of the overlapping area is
larger than the specified value, the patterns are judged to overlap. If you specify 100% for overlap
restriction, the tool will not delete overlapping patterns unless they fully overlap one another (i.e. they
have completely the same geometry).

Displaying almost found
You can specify that the GPM Locator Tool is to display those patterns that are almost found that barely
failed to be found due to the set threshold or range. This function is available only for the test execution
of the GPM Locator Tool.
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Enabling this function lets you know that there are patterns that failed to be found for the reasons listed
below, which helps you adjust the location parameters.

Pattern whose score is slightly lower than the threshold

Pattern whose contrast is slightly lower than the threshold
Pattern whose emphasis area is slightly lower than the threshold
Pattern whose orientation is slightly outside the range

Pattern whose scale is slightly outside the range

Note that this function does not guarantee that the tool will display all the patterns "whose score is a
certain percentage lower than the threshold" or on any other similar principles. The function is simply
intended to let the tool display patterns that it happens to find that do not satisfy the preset conditions but
match the criteria listed above during the course of searching for patterns that meet the specified threshold
or range.

8.2 CURVED SURFACE LOCATOR TOOL

The curved surface locator tool is an image processing tool using gradation (change from light to dark or
vice versa). It checks a camera-captured image for the same pattern as a model pattern taught in advance
and outputs its location. If you select the curved surface locator tool in the tree view of the setup page
for the vision process, a window like the one shown below appears.

Curved Surface Locator Tool

uuuuuuuuuuuuu o Tralairg

Pow | Cobmn | Aege Som |

8.2.1 Setting up a Model

Teach the model pattern of the workpiece you want to find.

Teaching the model pattern
Teach the model pattern as follows.

1. Click the ® button (green) to change to the live image display.

2. Place the workpiece near the center of the camera view.
3. Click the ® putton (red) to snap the image of the workpiece.
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4. Select [Image + Image Feature] in [Image Display Mode], and adjust the value in [Contrast
Threshold] for execution (below [Score Threshold]) to determine the contrast threshold appropriate
for the model.

5. Enter the determined threshold in [Next Teach] for [Contrast Threshold] for model teaching (above
the [Teach Pattern] button), and reset [Contrast Threshold] for execution (below [Score Threshold])
to its original value.

6.  Click the [Teach Pattern] button.

7. Enclose the workpiece within the red rectangle that appears, and click the [OK] button. For
detailed information about the operation method, see Subsection 4.12.8, “Window Setup”.

k" e eap wdi, Camiel te e, 08| ©
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Training Stability
The evaluation results for items [Location], [Orientation], and [Scale] of the taught model are displayed as
one of the following three levels.

Good:  Can be found stably.
Poor: Cannot be found very stably.
None:  Cannot be found.

Training Mask
If the taught model pattern has any unnecessary items in the background, any unwanted or incorrect
features not found in all other parts, or any blemishes, you can remove it from the pattern by filling that
part with the color of red.

To edit a training mask, click the [Edit Trn. Mask] button on the [Training Mask] line. When an
enlarged view of the model pattern appears on the image display control, fill the unnecessary parts of the
model pattern with the color of red. For detailed information about the operation method, see
Subsection 4.12.9, “Editing Masks”.
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Model origin
The model origin is the point that numerically represents the location of the found pattern. The
coordinates (Row, Column) of the location of the found pattern indicate the location of the model origin.
When the found result is displayed on the image, a + mark appears at the model origin.

To move the model origin manually, click the [Set Origin] button. An enlarged view of the model
pattern appears on the image display control, and a red + mark appears at the current position of the
model origin. Drag the + mark with the mouse to move the model origin. For detailed information
about the operation method, see Subsection 4.12.7, “Setting Points”.

Model ID
When you want to have taught two or more curved surface locator tools and want to identify which tool
the found workpiece corresponds to, you assign a distinct model ID to each tool. The model ID of the
found model pattern is reported to the robot controller along with offset data. This enables the robot
program to identify the type of the found model.

8.2.2 Adjusting the Location Parameters

Adjust the location parameters.

Score Threshold
The accuracy of the found result is expressed by a score, with the highest score being 100. The target
object is successfully found if its score is equal to or higher than this threshold value. If the score is
lower, the target object is not found. Set a value between 10 and 100. The default value is 50.
Setting a small value might lead to an inaccurate location.

Contrast Threshold
Specify the contrast threshold for the search. The default value is 10. If you set a small value, the tool
will be able to find the target in obscure images as well but take longer to complete the location process.
The minimum value is 1. If the tool is prone to inadequately find blemishes and other unwanted edges
with low contrast, try setting a larger value. Those image features whose contrast is lower than the
threshold are ignored. Selecting the [Image+Image Feature] in [Image Display Mode] lets you check the
image features extracted based on the current threshold.
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Area Overlap
If the ratio of overlap of the found objects is higher than the ratio specified here, then the found result for
the workpiece with the lower score is deleted, leaving only the one with the higher score. The ratio of
overlap is determined by the area where the models’ external rectangular frames overlap. If you specify
100% as the limit value, the found results will not be deleted even if the workpieces overlap.

Search Window
Specify the range of the area of the image to be searched. The smaller the search window is, the faster
the location process runs. The default value is the entire image. To change the search window, click
the [Set Search Win.] button. When a rectangle appears on the image, adjust its geometry, as when
teaching a model. For detailed information about the operation method, see Subsection 4.12.8,
“Window Setup”.

Run-Time Mask
Specify an area of the search window that you do not want processed, as an arbitrary geometry. Use this
function when you want to specify a search window of an arbitrary geometry, such as a circle or
donut-shaped window. The filled area will be masked in the rectangle specified as the search window
and will not be subject to the image processing. To change the run-time mask, click the [Edit RT Mask]
button. For detailed information about the operation method, see Subsection 4.12.9, “Editing Masks”.

Degree of Freedom - Orientation
Specify the range of orientation subject to be searched. The tool searches for a model rotated in the
range specified by [Minimum] and [Maximum], with the orientation of the taught model being 0 degrees.
The specifiable value range is from -360 to +360 degrees for both [Minimum] and [Maximum]. The
narrower the orientation range is, the faster the search process ends. If a range wider than 360 degrees is
specified, the range is automatically corrected to 360 degrees when the vision process runs.

If you uncheck this box, the orientation is ignored and the tool searches only for a model having the
orientation specified in [Nominal].

By default, the orientation search is enabled and the range is from -180 to +180 degrees.

Degree of Freedom - Scale
Specify the range of scale to be searched. With the size of the taught model being 100%, the tool
searches for a model expanded or reduced by the ratio specified in [Minimum] and [Maximum]. The
specifiable value range is from 30% to 160% for both [Minimum] and [Maximum]. The narrower the
size range is, the faster the search process ends.

If you uncheck this box, the scale is ignored and the tool searches only for a model having the scale
specified in [Nominal].

By default, the scale search is disabled.

Time-out
If the location process takes longer than the time specified here, the tool ends the process without finding
all of the workpieces.

Result Plotting Mode

Select how the found results are to be displayed on the image after the process is run.

Plot Everything
The origin, features, and rectangle of the model will be displayed.
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Plot Edges
Only the origin and features of the model will be displayed.

Plot Bounding Box
Only the origin and rectangle of the model will be displayed.

Plot Only Origin
Only the origin of the model will be displayed.

Plot Nothing
Nothing will be displayed.

Image Display Mode
Select the image display mode for the setup page.

Image
Only the camera image will be displayed.

Image+Results
The camera image and found results will be displayed.

Image+Gradiations
The camera image and features of the image will be displayed.

Pattern
The taught model pattern will be displayed.

Pattern+T.Mask

The taught model pattern, with an area overlaid that is masked as the emphasis area, will be
displayed.

8.2.3 Running a Test

Test to see if the tool can find workpieces properly.
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Snap and Find button

The tool snaps an image from the camera and attempts to find a workpiece.

Continuous S+F button
The tool repeats the Snap and Find operation.

Find button

The tool only attempts to find a workpiece without snapping an image. Use this function when you
want to confirm the effect of the same image with different location parameters.

Show Almost Found
If there is any workpiece that failed to be found because it fell just short of meeting the score, contrast,
orientation, scale, and/or other conditions, its test result is displayed. The result appears in a red
rectangle on the image.

Found
The number of found workpieces is displayed.

Almost Found
The number of workpieces that failed to be found because they were slightly outside the specified range
is displayed. “0” is displayed if the [Show Almost Found] check box is not checked.

Time to Find
The time the location process took is displayed in milliseconds. This is the image processing time and
does not include the time it took to snap the image.

Found Results table
The following values are displayed.

Row, Column
Coordinates of the model origin of the found pattern (units: pixels).

Angle
Orientation of the found pattern (units: degrees). This is displayed only when the check box for
the orientation search is checked.

Scale
Scale of the found pattern (units: %). This is displayed only when the check box for the scale

search is checked.

Score
Score of the found pattern.

8.24 Overridable Parameters

This command tool has the following overridable parameters that can be overridden with Vision Override.
See 9.1 “VISION OVERRIDE” and 10.2.2.18 “OVERRIDE” for details.

Score Threshold
Specify a number between 10 and 100.
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Contrast Threshold
Specify a number between 1 and 250.

DOF Angle

Enable/disable selection, minimum angle, maximum angle and nominal angle can be specified. Specify
0 for disable or 1 for enabled. Specify a number between —360 and 360 for the minimum, maximum and
nominal angles.

DOF Scale
Enable/disable selection, minimum scale, maximum scale and nominal scale can be specified. Specify 0
for disable or 1 for enabled. Specify a number between 25 and 400 for the minimum, maximum and

nominal scales.

8.2.5 Setup Guidelines

Read these guidelines for a deeper understanding of how the curved surface locator tool works.

8.2.5.1 Overview and functions

This subsection provides an overview of the curved surface locator tool, describing what you can do and
how you see objects with this tool.

What you can do with the curved surface locator tool
The curved surface locator tool offers image processing capabilities to process images captured by the
camera, find the same pattern in an image as the pattern taught in advance, and output the position and
orientation of the found pattern. The pattern taught in advance is called a model pattern, or simply a
model.

As the position and orientation of the object placed within the camera view changes, the position and
orientation of the figure of that object captured through the camera also changes accordingly. The
curved surface locator tool finds where the same pattern as the model pattern is in the image fed from the

camera.

If the figure of the object in the image has the same pattern as the model pattern, the curved surface
locator tool can find it, regardless of differences of the following kinds:

e Translation: The position of the figure in the image is different than in the model pattern.

e Rotation: The apparent orientation of the figure in the image is different than in the model pattern.
e Scaling:  The apparent size of the figure in the image is different than in the model pattern.
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What is the same pattern?
What does the curved surface locator tool consider the “same pattern” as the model pattern? The curved
surface locator tool has the following two criteria to judge whether a pattern is the “same pattern” as the
model pattern. When the pattern meets both of the criteria, the curved surface locator tool regards it as
the “same pattern”.

e  The figure has the same geometry of distribution of gradation.
e  The figure has the same orientation of gradation.

An understanding of what the curved surface locator tool considers the same pattern helps you make the
tool find eligible patterns with increased stability.

Figure having the same geometry of distribution of gradation
First, we will discuss about a “figure having the same geometry of distribution of gradation”.

For example, when you look at a circular cylinder via a camera with coaxial lighting as shown in the left
figure below, you can see light/dark distribution as shown in the center figure below. The curved
surface locator tool focuses on the part where the tone changes from light to dark or vice versa, that is,
gradation. In the right figure below, the hatched area indicates the distribution of gradation.

Dark Light Dark
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In the figure below, the three left figures have the same geometry of distribution of gradation, though they
have different rotation angles and scales, and the rightmost figure has a different geometry. Whether
figures have the same geometry of distribution of gradation depends on whether their original objects
have the same geometry.

Conversely, if the original objects differ in geometry but the distributions of gradation in their figures
captured by the camera happen to be geometrically identical, the curved surface locator tool judges them
to have the same geometry.

Figure having the same orientation of gradation
Next, we will discuss about a “figure having the same orientation of gradation”.

Suppose you have an image as shown in the figure below. Two circular cylinders are placed side by
side and you can see distributions of gradation around the center of each circular cylinder and the valley
between the circular cylinders.

In the figure below, these distributions of gradation are indicated with hatched areas. As far as you
focus on the geometry, the three distributions of gradation are similar.

When you focus on the orientation of gradation, however, you will not say that they are similar. In the
figure below, the orientation of gradation from light to dark is indicated with an arrow (—). While in
the right and left gradation areas, arrows are directed from within outward, in the center gradation area,
they are directed inwards. Thus, when you focus on the orientation of gradation, the right and left
gradation areas completely differ from the center gradation area. If the patterns differ in the orientation
of gradation, the curved surface locator tool judges them different even when their distributions of
gradation are geometrically identical.
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In the setup page of the curved surface locator tool, a total of eight colors, magenta, cyan, green, yellow,
and colors between them, are used to make the orientation of gradation easy to check.
Cyan  Yellow

Green Magenta

Missing or extra gradation area

Suppose that you have the right and left gradation images in the figure below. If you teach the left
gradation image as the model pattern and make the curved surface locator tool compare it with the right
gradation image, the tool judges that the right pattern is different from the model pattern because the right
pattern does not have many gradation areas in the model pattern. Conversely, if you teach the right
gradation image as the model pattern and make the tool compare it with the left gradation image, the tool
judges that the left pattern is the same as the model pattern because the left pattern have all gradation
areas in the model pattern. The curved surface locator tool does not care about extra gradation areas.

Pattern similarity
We have discussed the criteria concerning the geometry of distribution, orientation, and missing and extra
areas in regard to gradation in patterns. However, not all these criteria need to be satisfied fully. It is
virtually impossible to eliminate the difference between patterns. The curved surface locator tool is
designed to allow the difference between patterns to a certain degree. In other words, the tool is meant
to find “similar patterns”, rather than “the same patterns”.

One measure of similarity is by evaluating how similar the pattern found in the image is to the model
pattern. While this is generally called the degree of similarity, the curved surface locator tool refers to
this value as a “score”. The score is a numerical value ranging from 0 to 100 points. If the pattern
fully matches, it gets a score of 100 points. If it does not match at all, the score is 0. If the pattern in
the image has any part that is “distorted because of the lens distortion”, that is “distorted due to parallax”,
that has a “different dark/light polarity”, that is “missing a feature”, or that does not match for any other
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reason, the score is reduced from 100 points accordingly. If such parts account for 30% of the model
pattern, the score is 70 points.

When you have the curved surface locator tool find a matching pattern in an image, you specify a score
threshold so that the tool “finds patterns whose score is higher than the specified threshold”.

8.2.5.2 Lighting environment

The lighting environment is important for the curved surface locator tool because the tool uses gradation
generated by light on the surface of an object. It will be ideal if colored coaxial lighting and a band-pass
filter which transmits only that color are used. Coaxial lighting enables the lighting and view directions
to match wherever the object is placed. The combination of colored lighting and a band-pass filter
enables the influence of the ambient light to be eliminated as much as possible.

Camera

P

I Lens Filter

Ring Light

8.2.5.3 Model pattern

The first thing you do when using the curved surface locator tool is to teach the object you want the tool
to find as a model pattern. This subsection provides the guidelines on teaching a model pattern.

Teaching a model pattern

Teach the geometry of the workpiece as seen via the camera as a model pattern. To teach a model
pattern, snap the image of the workpiece from the camera and train the part of the image you want to
register as a model pattern within the rectangle. It is important to place the workpiece near the center of
the image. An image seen via the camera is subject to various kinds of distortion such as the distortion
of the camera lens. Such distortions become minimal near the center of the image. When teaching a
model pattern, therefore, make sure that the workpiece is placed so that it comes as near to the center of
the image as possible.

Masking the model pattern
As described earlier in “Missing or extra gradation area”, if a gradation area found in the model pattern is
missing from the pattern in the image, the curved surface locator tool judges that the pattern is different
by as much as that missing gradation area. On the other hand, however, the tool ignores extra gradation
areas. Therefore, if there is any extra feature that happens to exist in the image when the model pattern
is taught, it is desirable not to include that feature in the model pattern.

The curved surface locator tool allows you to mask a specific part of the image and to remove that part
from the model pattern after the model pattern teaching operation. This process is called “masking the
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model pattern”. If the image taught as a model pattern includes any of the parts described below, mask
those parts and remove them from the model pattern.

<1> Part where the orientation of gradation is irregular

When the position, orientation, or background of an object is changed, the orientation of gradation in the
figure in the image might change as well. As described earlier, the curved surface locator tool considers
a pattern different if its orientation of gradation is different. Therefore, masking the parts where the
orientation of gradation is irregular and removing them from the model pattern helps the tool find
matching patterns more accurately.

A typical example can be seen in the bulk loading state, where the brightness of the background of an
object remarkably changes. For example, the background color of the left object is white and that of the
right object is black in the figure below.

Then, the orientation of gradation along the periphery of the left object is opposite to that along the
periphery of the right object as shown in the figure below. Therefore, if the periphery of the object is
included in the model pattern, the tool will find matching patterns less accurately.

For this reason, mask the gradation area in the periphery of the object when teaching the model pattern,
and only the gradation area at the center of the object that is independent of the background is left, which
helps the tool find matching patterns accurately.

<2> Part that looks differently for each workpiece
When you capture an image of a workpiece via the camera, the image sometimes might contain a feature,

such as a blemish, that looks different for each workpiece or each time the position of the workpiece is
changed. The curved surface locator tool pays attention to such features as well when searching the
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image for a pattern identical to the taught model pattern. Therefore, removing these features from the
model pattern helps the tool find matching patterns more accurately.

Mask the following parts to remove them from the model pattern.

Blemishes on the workpiece
Areas that appear illuminated
Shadows

Hand-written letters and marks
Labels

8.3

BLOB LOCATOR TOOL

8.3.1

The blob locator tool performs image processing that searches a binarized image for a region (hereinafter

called a blob) that has the same features, such as area and perimeter, as the specified model.

If you

select the blob locator tool in the tree view of the setup page for the vision process, a window like the one

shown below appears.
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Image Binarization

The blob locator tool converts an input gray-scale image into a binarized black-and-white image before
performing image processing. First, set the conditions for the binarization of an image.

Threshold Mode

Select one of the following:

Fixed

Binarize the image using the threshold set in [Threshold value].

Auto

Calculate the threshold automatically as brightness changes.
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Threshold value
Set the threshold for binarization using an integer in the range of 0 to 255. Enter a new value in the field,
or change the existing value using the + or — button, so that there is a clear black-and-white distinction
between the object and the background.

Morphology Operator
Select the filter to be applied to the binarized image from the options listed below, and specify the filter
size in the text box on the right.

None
Do not perform morphing.

Erode
Erode the black area. Helps reduce the black pixel noise.

Dilate
Dilate the black area. Helps reduce the white pixel noise.

Open
Erode the black area and then dilate it. This will connect white blobs that are close to touching or
disconnect black blobs that are slightly touching,

Close

Dilate the white area then erode it. This will connect black blobs that are close to touching or
disconnect white blobs that are slightly touching.

8.3.2 Teaching a Model

Teach the workpiece to be found as the model.

Polarity
Select the color of the blob to be found from the following:

White on Black
Find a white blob.

Black on White
Find a black blob.

Train Model

Teach the model as follows.

Click the 2 button (green) to change to the live image display.

Place the workpiece near the center of the camera view.

Click the ® button (red) to snap the image of the workpiece.

Click the [Teach Pattern] button.

Enclose the workpiece within the displayed red rectangle, and click the [OK] button. For detailed
information about the operation method, see Subsection 4.12.8, “Window Setup”.

A
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Model ID
If you want to train more than one blob locator tool and identify which blob locator tool has found the
workpiece, set a different model ID to each blob locator tool. Since the model ID of the blob locator
tool that has found the workpiece is sent to a vision register along with the offset data, the robot program
can identify the model ID of the found workpiece.

Trained model info.

The feature information of the trained model is displayed. Together with the image enclosed by a
rectangle when training the model, the feature information of the trained blob is displayed.

8.3.3 Adjusting the Location Parameters

Adjust the location parameters.

Use Computed RT Mask
This item is available only when this blob locator tool is a child tool of another blob locator tool. When
this check box is checked, a blob found by the parent blob locator tool is used as the search window and
the runtime mask of this blob locator tool. Usually it is checked off.

Search Window
Specify the range of the area of the image to be searched. The narrower the range is, the faster the
location process ends. The default value is the entire image. To change the search window, click the
[Set Search Win.] button. When a rectangle appears on the image, adjust its geometry, as when teaching
amodel. For detailed information about the operation method, see Subsection 4.12.8, “Window Setup”.

Runtime Mask
Specify an area of the search window that you do not want processed, as an arbitrary geometry. Use this
function when you want to specify a search window of an arbitrary geometry, such as a circle- or
donut-shaped window. The filled area will be masked in the rectangle specified as the search window
and will not be subject to the image processing. To change the run-time mask, click the [Edit RT Mask]
button. For detailed information about the operation method, see Subsection 4.12.9, “Editing Masks”.

-225-



8.COMMAND TOOLS B-82774EN/04

Calculate the angle
Specify whether to calculate the orientation of the found blob. If you check this box, the orientation of
the blob will be calculated. The blob locator tool can recognize orientation in the range from —90 to +90
degrees.

If you uncheck this box, the long axis length, short axis length, and elongation of the found blob will not
be calculated.

Angle Calculation Method

Specify the angle calculation method from the following:

Axis of Inertia
The axis of inertia of the found blob is calculated, and the direction of the axis is used as the angle of
the found blob.

Minimum Rectangle
The minimum rectangle that circumscribes the found blob is calculated, and the direction of the
rectangle is used as the angle of the found blob.

Find Blobs Touching Window
The blob locator tool outputs the center of mass of the blob as the found location. If the blob is in
contact with the search window, it is impossible to know how much of the blob extends out of the search
window, in which case the center of mass cannot be calculated accurately. By default, therefore, the
blob locator tool ignores any blob touching the search window. However, checking this box causes the
tool to find blobs touching the search window as well. Use this function when you want to measure the
area of the black region in the image, rather than finding the location of a blob.

/A\ CAUTION
Uncheck this box if you want to find the location of a workpiece using the blob
locator tool. By default, the box is not checked.

DOF — Area
Specify the range of area values for judging the blob to match the model. If the area of the found blob is
within the range specified by [minimum] and [Maximum], the location succeeds. If you uncheck the
box, the area will not be checked.

DOF — Perimeter
Specify the range of perimeter values for judging the blob to match the model. If the perimeter of the
found blob is within the range specified by [Minimum] and [Maximum], the location succeeds. If you
uncheck the box, the perimeter will not be checked.

DOF — Circularity
The degree of circularity is calculated by dividing the 4 area by square of perimeter and represents how
closely the found blob resembles a circle. If the blob is a perfect circle, this value is 1.0. The more
complex the blob becomes in geometry, the smaller the value becomes.
Specify the range of degrees of circularity for judging the blob to match the model. If the degree of
circularity of the found blob is within the range specified by [Minimum] and [Maximum], the location
succeeds. If you uncheck the box, the degree of circularity will not be checked.

DOF — Semi Major
Specify the range of semi-major axis length values for judging the blob to match the model. If the
semi-major axis length of the found blob is within the range specified by [Minimum] and [Maximum], the
location succeeds. If you uncheck the box, the semi-major axis length will not be checked.
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DOF — Semi Minor

Specify the range of semi-minor axis length values for judging the blob to match the model. If the
semi-minor axis length of the found blob is within the range specified by [Minimum] and [Maximum],
the location succeeds. If you uncheck the box, the semi-minor axis length will not be checked.

DOF — Elongation
Elongation is calculated by dividing the semi-major axis length by the semi-minor axis length and
represents how slender the found blob is. The longer the blob is, the larger the value becomes. Specify
the range of elongation values for judging the blob to match the model. If the elongation of the found
blob is within the range specified by [Minimum] and [Maximum)], the location succeeds. If you uncheck
the box, the elongation will not be checked.

Display Mode

Select how the found result is to be displayed on the image after the process is run.

Found Position
Only the center of mass of the blob will be displayed.

Contour
Only the contour of the blob will be displayed.

All
Both the center of mass and contour of the blob will be displayed.

8.34 Running a Test

Test to see if the tool can find blobs properly.
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Camars
Found Results

Snap and Find button

The tool snaps an image from the camera and attempts to find a workpiece.

Continuous S+F button
The tool repeats the Snap and Find operation.
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Find button

The tool only attempts to find a workpiece without snapping an image. Use this function when you
want to confirm the effect of the same image with different location parameters.

Found
The number of found blobs is displayed.

Time to Find

The time the location process took is displayed in milliseconds. This is the image processing time and
does not include the time it took to snap the image.

Found Result Table

The following values are displayed.

Row,Column
Coordinate values of the center of mass of the found blob (units: pixels).

Score
Score of the found blob.

Angle
Orientation of the found blob. This is displayed only when the [Calculate the angle] check box is
checked.

Area
Area of the found blob (units: pixels).

Perimeter
Perimeter of the found blob (units: pixels).

Circularity
Degree of circularity of the found blob.

Semi-major
Long axis length of the found blob (units: pixels).

Semi-minor
Short axis length of the found blob (units: pixels).

Elongation
Elongation of the found blob.

NOTE
If the tool fails to find the object you want found, run the find test with all the
search range boxes unchecked, in order to identify which item causes the
location to fail. With the DOF parameters unchecked, all the blobs in the image
are found. This allows you to examine which of the parameters of the specific
blob are outside the originally specified range, preventing the blob you want
found from being detected with the original settings. After that, set an
appropriate range for that item.

Image Display Mode
Select the image display mode for the setup page.
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Grayscale Image
The camera image will be displayed as is.

Binary Image
The camera image will be binarized when displayed.

8.3.5 Overridable Parameters

This command tool has the following overridable parameters that can be overridden with Vision Override.
See 9.1 “VISION OVERRIDE” and 10.2.2.18 “OVERRIDE” for details.

Area
Enable/disable selection for area checking, minimum area and maximum area can be specified. Specify
0 for disabling checking or 1 for enabling. Specify a number equal to or larger than 0 for minimum and
maximum area.

Perimeter
Enable/disable selection for perimeter checking, minimum perimeter and maximum perimeter can be
specified. Specify 0 for disabling checking or 1 for enabling. Specify a number equal to or larger than
0 for minimum and maximum perimeter.

Circularity
Enable/disable selection for circularity checking, minimum circularity and maximum circularity can be
specified. Specify O for disabling checking or 1 for enabling. Specify a number between 0 and 1 for
minimum and maximum circularity.

Semi Major
Enable/disable selection for semi-major axis length checking, minimum semi-major axis length and
maximum semi-major axis length can be specified. Specify 0 for disabling checking or 1 for enabling.
Specify a number equal to or larger than 0 for minimum and maximum semi-major axis length.

Semi Minor
Enable/disable selection for semi-minor axis length checking, minimum semi-minor axis length and
maximum semi-minor axis length can be specified. Specify 0 for disabling checking or 1 for enabling.
Specify a number equal to or larger than 0 for minimum and maximum semi-minor axis length.

Elongation
Enable/disable selection for elongation checking, minimum elongation and maximum elongation can be
specified. Specify 0 for disabling checking or 1 for enabling. Specify a number equal to or larger than
0 for minimum and maximum elongation.

8.4 LINE LOCATAOR TOOL

Line Locator Tool is an image processing tool that finds a line segment with the length taught in advance
within a camera-captured image, and outputs the position and direction of the line. If you select a line
locator tool in the tree view of the setup page for the vision process, a setup page like the one shown
below appears.
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8.4.1 Setting up a Model

Teach the type and the length of the line segment to find. Unlike a GPM Locator Tool, features in an
image are not taught as a model.

Line Type
Select the type of line segment to find.

Single
A bordering line between a dark region and a light region is detected. A 0-degree model is
generated as a vertical straight line with a dark region on the left and a light region on the right of
the line.

Double (Step)
Two parallel lines are considered as a single thick line through the center of the two lines.
A 0-degree model is generated as a vertical straight line with the line having brightness between the
brightness of the left and right regions, where the left region is darker and the right region is lighter
than the line.

Double (Dark)
Two parallel lines are considered as a single thick line through the center of the two lines.
A straight dark line is found with this line type. A 0-degree model is generated as a vertical
straight line with the line having brightness darker than the brightness of the left and right regions.

Double (Light)
Two parallel lines are considered as a single thick line through the center of the two lines.
A straight light line is found with this line type. A 0-degree model is generated as a vertical
straight line with the line having brightness lighter than the brightness of the left and right regions.
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Single Double (Step)

Double (Dark) Double (Light)

Teaching the model line length
Teach the model line length as follows.

Click the ™ button (green) to change to the live image display.

Place the workpiece near the center of the camera view.

Click the * button (red) to snap the image of the workpiece.

Click the [Train] button.

Enclose the workpiece within the red rectangle that appears, and click the [OK] button. For
detailed information about the operation method, see Subsection 4.12.8, “Setting Window”.

Al S

The length of the rectangular window in the direction perpendicular to the rotation handle will be the
length of the line taught as the model pattern.

Line Width

When one of the double line types is selected as the [Line Type], the width of a line to be found is
specified in pixels. Set a value between 1 and 50.

Adjust Width

When one of the double line types is selected as the [Line Type], the line width is automatically adjusted
to the found line width by clicking the [Adjust Width] button.

NOTE
The line width is automatically adjusted by finding the line internally. Specify a
width close to the actual width in [Line Width] before executing.
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Model Origin
The model origin is the point that numerically represents the location of the found line. The origin for
line locator tool is automatically set at the center of the line segment, and the location cannot be changed.
The coordinate values (Row, Column) of the location of the found pattern indicate the location of the
model origin. When the found result is displayed on the image, a + mark appears at the model origin.

8.4.2 Adjusting the Location Parameters

Adjust the location parameters.

Score Threshold
The accuracy of the found result is expressed by a score, with the highest score being 100. The target
line is successfully found if its score is equal to or higher than this threshold value. If the score is lower,
the target line is not found. Set a value between 10 and 100. The default value is 70. Setting a small
value might lead to inaccurate location.

Contrast Threshold
Specify the contrast threshold for the search. Set a value between 1 and 200. The default value is 50.
If you set a small value, the tool will be able to find the target in obscure images as well but take longer to
complete the location process. If the tool is prone to inadequately find blemishes and other unwanted
edges with low contrast, try setting a larger value. Those image features whose contrast is lower than
the threshold are ignored. Selecting the [Pattern] in [Image Display Mode] lets you check the image
features extracted based on the current threshold.

Area Overlap
If the ratio of overlap of the found lines is higher than the ratio specified here, then the found result for
the line with the lower score is deleted, leaving only the one with the higher score. The ratio of overlap
is determined by the area where the models' external rectangular frames overlap. Set a value between 10
and 100. The default value is 75. If you specify 100% as the limit value, the found results will not be
deleted even if the lines overlap.

Elasticity
Specify a pixel value to indicate how much the pattern in the image is allowed to be deviated (distorted)
in geometry from the taught model. Set a value between 0.1 and 5.0. The default value is 1.5.
Setting a large value enables the tool to find the target in images that are greatly deviated in geometry.
However, the larger the value is, the more likely inaccurate location becomes.

Search Window
Specify the range of the area of the image to be searched. The narrower the range is, the faster the
location process ends. When the model is taught by clicking the [Train] button, the search window is
automatically set to the length of the line with the width of 100 pixels, with the center of the window at
the model origin of the line. To change the search window, click the [Edit] button. When a rectangle
appears on the image, adjust its geometry, as when teaching a model. For detailed information about the
operation method, see Subsection 4.12.8, “Setting a Window”.

Orientation
Specify the range of orientation subject to be searched. The tool searches for a model rotated in the
range specified by [Minimum] and [Maximum], with the orientation of the taught model (vertical line in
the image) being 0 degrees. The specifiable value range is from —360 to +360 degrees for both
[Minimum] and [Maximum]. The narrower the orientation range is, the faster the search process ends.
If a range wider than 360 degrees is specified, the range is automatically corrected to 360 degrees when
the vision process runs.
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If you uncheck this box, the orientation is ignored and the tool searches only for a model having the
orientation specified in [Nominal].

By default, the orientation search is enabled and the range is from —180 to +180 degrees.

Result Plotting Mode

Select how the found results are to be displayed on the image after the process is run.

Line
The found line will be displayed.

Line and Model Origin
The line and the origin will be displayed.

Edges
Matched edges will be displayed in green and mismatched edges will be displayed in red.

Edges and Model Origin
The edges and the origin will be displayed.

Image Display Mode
Select the image display mode for the Setup Page.

Image
Only the camera image will be displayed.

Pattern
The camera image and the features within the search window will be displayed.
When the search window is not taught, the image and the features within the image will be
displayed.

Results
The camera image and the found results will be displayed.

8.4.3 Running a Test

Test to see if the tool can find lines properly.

2 190.5.90.99 - iAVicion - VPIS Setup - Microgaft Intarnat Explarar
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Snap and Find button

The tool snaps an image from the camera and attempts to find a line.

Continuous S+F button
The tool repeats the Snap and Find operation.

Find button

The tool only attempts to find a line without snapping an image. Use this function when you want to
confirm the effect of the same image with different location parameters.

Show Almost Found
If there is any line that failed to be found because it fell just short of meeting the score, contrast,
orientation, and/or other conditions, its test result is displayed. The result appears in a red rectangle on
the image.

Part of Interest
When the line locator tool is a child tool of another locator tool, and if the parent locator tool finds
multiple found results, the result to display on the image display can be selected. If the parent locator
tool has only one found result, or if the parent tool is not a locator tool, then this item is not shown.

All
The results of all parent tool results and the corresponding line locator tool results are displayed.
This option is selected by default.

Pn
Parent locator tool results in the image display are labeled with a “P” followed by an index number.
The “n” represents the index number, and this option is added for how many ever parent results are
found. When the parent locator tool finds multiple results, selecting this option will only display
the corresponding parent result and the locator tool results based on the parent result.

Time to Find

The time the location process took is displayed in milliseconds. This is the image processing time and
does not include the time it took to snap the image.

Num Found
The number of found lines is displayed.

Num Almost Found
The number of lines that failed to be found because they were slightly outside the specified range is
displayed. "0" is displayed if the [Show Almost Found] check box is not checked.

Found Result Table

The following values are displayed.

Row, Column
Coordinate values of the model origin of the found line (units: pixels).

Score
Score of the found line.

Contrast
Contrast of the found line.
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Fit Error
Deviation of the found line from the model line (units: pixels).

Angle

Orientation of the found line (units: degrees). This is displayed only when the box for the
orientation search is checked.

8.4.4 Overridable Parameters

This command tool has the following overridable parameters that can be overridden with Vision Override.
See 9.1 “VISION OVERRIDE” and 10.2.2.18 “OVERRIDE” for details.

Score Threshold
Specify a number between 10 and 100.

Contrast Threshold
Specify a number between 1 and 250.

Elasticity

Specify a number between 1 and 5.

DOF Angle
Enable/disable selection, minimum angle, maximum angle and nominal angle can be specified. Specify
0 for disable or 1 for enabled. Specify a number between —360 and 360 for the minimum, maximum and
nominal angles.

8.4.5 Guideline

Read these guidelines for a deeper understanding of how a line locator tool works.

What you can do with the line locator tool
The Line Locator Tool offers image processing capabilities to process images captured by the camera,
find the line in an image as the pattern and length taught in advance (or longer), and output the position
and orientation of the found line. The pattern taught in advance is called a model pattern, or simply a
model. Unlike a GPM Locator Tool which generates a model pattern based on the object captured in the
image, the Line Locator Tool generates and stores a model pattern internally based on the specified line
type and length.

A found line is not of a finite length, but rather a segment with an infinite length in the direction of the
found orientation. This feature can be utilized in such applications where the intersection of two lines or
the angle formed by two lines is to be found.

Line locator tool result
The result of a line locator tool is the position of the model origin (Vt, Hz) and the orientation of the line.
However, the position of the model origin can vary along the length of the line.

The position information output by a line locator tool has a different meaning from the position
information output by GPM locator tools. Where as a GPM locator tool outputs the position as a “point”
in the image, the line locator tool outputs the position as a “line,” and iR Vision differentiates them as two
types of positions.

In essence, a “line” does not have definite position information. For practical purposes, the “line”
position can be used to calculate the offset, or to dynamically shift the search window of a child tool.
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However, keep in mind that the position of a line is indeterminable and could be anywhere on a given
line.

8.5 COMBINATION LOCATOR TOOL

Combination Locator Tool is a locator tool that customizes the output results by combining the results of
multiple locator tools. This locator tool collaborates with the child locator tools to function as a single
locator tool. The child locator tools do all the image processing, and the combination locator tool
simply outputs the customized results. If you select the combination locator tool in the tree view of the
setup page for the vision process, a window like the one shown below appears.

[ram=443.cal=509.4=2) 1007
fra'

85.1 Setup

Setup the combination locator tool.

Adding child tools
When a combination locator tool is created, two line locator tools and a position calculation tool are
added by default as its child tools. The output results can be customized by changing the combinations
of child tools.

Locator 1~3
Select which child tool results to output as the result of the combination locator results. A maximum of
three child tools can be selected. The found results of [Locator 1] to [Locator 3] are output in that order.
The results of other child tools that are not selected are not output.

8.5.2 Running a Test

Test to see if the tool can find lines properly.
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Snap and Find button

The tool snaps an image from the camera and attempts to find a workpiece.

Continuous S+F button
The tool repeats the Snap and Find operation.

Find button
The tool only attempts to find a workpiece without snapping an image. Use this function when you
want to confirm the effect of the same image with different location parameters.

Time to Find
The time the location process took is displayed in milliseconds. This is the image processing time and
does not include the time it took to snap the image.

Found Result Table

The following values are displayed.

Locator
Name of the locator tool that output the result.

Row, Column
Coordinate values of the model origin of the found pattern (units: pixels).

Angle
Orientation of the found pattern (units: degrees).

Scale
Scale of the found pattern (units: %).
If the selected command tool result does not have the size parameter, 100 is displayed.

Aspect Ratio

Aspect ratio of the found pattern (units: %).
If the selected command tool result does not have the aspect ratio parameter, 100 is displayed.
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8.5.3 Overridable Parameters

This command tool has no overridable parameters that can be overridden with Vision Override.

8.6 EDGE PAIR LOCATOR TOOL

The edge pair locator tool finds two parallel lines (edge pair) that are the same as the trained model
pattern from an image and outputs the center position of the edge pair and the distance between the edges.
It is mainly used for length measurement. If you select the edge pair locator tool in the tree view of the
setup page for the vision process, a page like the one shown below appears.
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8.6.1 Setting the Search Window

Set the area to be searched for an edge pair.

Search Area

Specify the range of the area of the image to be measured. The shorter the measurement area is in height,
the more accurately the position of the edges is found. To change the measurement area, click the [Set
Search Area] button. When a red rectangle appears on the image, enclose the area containing the edge
pair to find with the displayed rectangle, and click the [OK] button. The rectangle should be placed so
that the centerline that indicates the rotation angle of the rectangle is parallel to the length to measure, as
shown below. For detailed information about the operation method, see Subsection 4.12.8, "Window
Setup".

Length to measure

Parent Tool Reference Position
It is the reference position to be used for dynamic window shifting. This section displays the position of
the workpiece found by the parent locator tool when the search area is taught.
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8.6.2 Teaching a Model

Teach the edge pair to be found as the model. The procedure for teaching the model is as follows.

1.  Click the [Train Model] button.
The edge found in the measurement area is displayed in the window. First, drag the red marker to
the left edge of the edge pair used as the model, and then click the [OK] button.

3. The selected edge is highlighted by a blue line. Next, drag the red marker to the right edge of the
edge pair used as the model, and then click the [OK] button.

When the model teaching process is completed, the information on the taught model is displayed.

Model Image
The edge pair to be found and the distance between the paired edges are displayed. The polarity of the
edges to be found (from white to black or black to white) can be seen.

Standard Length
It is the distance between edges of the model edge pair. At runtime, if two or more edge pair candidates
are found in the search window and they overlap each other, priority is given to the edge pair whose
distance between edges is closest to the standard length.

Left/Right Edge Contrast

It is the contrast of edges of the model edge pair. At runtime, if two or more edge pair candidates are
found in the search window and they overlap each other, priority is given to the edge pair whose contrast
is closest to that of the model edge pair.

8.6.3 Adjusting the Location Parameters

Adjust the location parameters.

Contrast Threshold
Specify the contrast threshold for the search. The default value is 30. If you set a small value, the tool
will be able to find the edges with less contrast but it will take longer to complete the location process.
The minimum value is 1. If the contrast is set too low false edges may be found, if this is the case raise
contrast threshold. The edges whose contrast is lower than the threshold are ignored.

Maximum Length to Search
Specify the maximum inter-edge distance of the edge pair to be found. When a model edge pair is
taught, a value that is 105% of the standard length is input as the default value.

Minimum Length to Search

Specify the minimum inter-edge distance of the edge pair to be found. When a model edge pair is taught,
a value that is 95% of the standard length is input as the default value.
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8.6.4 Running a Test

Test to see if the tool can find workpieces properly.

2 becalbost - R¥ision - IDGE Setup - Microsoft Internet Explorer
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Display Mode
Select the image display mode for the Setup Page.

Edge
The search area, the measured edge pair distance (green arrow), and the center position of the found
edge pair are displayed.

Edges + Arrow
The scan direction (blue arrow), the measured edge pair distance (green arrow), and the center
position of the found edge pair are displayed.

Edges + Proj. + Grad.
In addition to the information presented in the Edge mode, graphs are displayed that show changes
in contrast and gradient of the search area.

Edges + Proj. + Grad.+ Arrow
In addition to the information presented in the Edges + Arrow mode, graphs are displayed that show
changes in contrast and gradient of the search area.

Result Show Mode

Select the mode for displaying the result on the setup window.

Found Results
Of the found edge pairs, the one to be output as the found result is displayed.

All Edge Pairs

All the edge pairs whose polarity (from white to black or black to white) matches that of the model
edge pair are displayed, irrespective of the length.

Snap and Find button

The tool snaps an image from the camera and attempts to find a workpiece.
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Continuous S+F button
The tool repeats the Snap and Find operation.

Find button

The tool only attempts to find a workpiece without snapping an image. Use this function when you want
to confirm the effect of the same image with different location parameters.

Time to Find
The time the location process took is displayed in milliseconds. This only represents the time it took to
process the image and does not include the time it took to snap it.

Result to Display
If the edge pair locator tool is inserted as a child tool of a locator tool, and if the parent locator tool
outputs multiple found results, you can display the result corresponding to a specific found result of the
parent tool by selecting a result number. Selecting [All] displays the results for all the found results of
the parent locator tool.

Found result table - Found Results
For the edge pair locator tool, the items displayed in the found result table differ depending on the item
selected in [Result Show Mode]. When [Found Results] is selected, the found edge pair to be output as
the found result is displayed.

Vt, Hz
Coordinates of the center of mass of the found edge pair (unit: pixel).

Angle
Rotation angle of the measurement area at the time when the location process is executed, relative to
the measurement area at the time of setup.

Length
Inter-edge distance of the found edge pair (unit: pixel).

Contrast
Average contract of the found edge pair.

Edge 1 Vt
Vertical-direction coordinate of the left edge of the found edge pair (unit: pixel).

Edge 1 Hz
Horizontal-direction coordinate of the left edge of the found edge pair (unit: pixel).

Edge 2 Vit
Vertical-direction coordinate of the right edge of the found edge pair (unit: pixel).

Edge 2 Hz
Horizontal-direction coordinate of the right edge of the found edge pair (unit: pixel).

Found result table - All Edge Pairs
If you select [All Edge Pairs], all the edge pairs whose polarity (from white to black or black to white)
matches that of the model are displayed, irrespective of the length.

Length
Distance between found edge pairs (unit: pixel).
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Contrast 1
Average contrast of the left edge of the found edge pair.

Contrast 2
Average contrast of the right edge of the found edge pair.

8.6.5 Overridable Parameters

This command tool has the following overridable parameters that can be overridden with Vision Override.
See 9.1 “VISION OVERRIDE” and 10.2.2.18 “OVERRIDE” for details.

Contrast Threshold
Specify a number between 1 and 250.

8.7 HISTOGRAM TOOL

The histogram tool measures the brightness of an image.

When the histogram tool is located below a locator tool, such as the GPM Locator Tool, in the tree view,
the measurement window of the histogram tool moves dynamically according to the found result of the
parent locator tool.

If you select the histogram tool in the tree view of the setup page for the vision process, a window like the
one shown below appears.
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8.7.1 Setting the Measurement Area

Use Computed RT Mask

This item is available only when this histogram tool is a child tool of a blob locator tool. When this
check box is checked, a blob found by the parent blob locator tool is used as the measurement area and
the runtime mask of this histogram locator tool. Usually it is checked off.

Area to measure brightness
Set the area whose brightness is to be measured, as follows.

1. Click the & button (green) to change to the live image display.
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2.  Place the workpiece near the center of the camera view.

3. Click the ™ button (red) to snap the image of the workpiece.
4.  Click the [Set] button for [Area to measure brightness].

The parent locator tool runs automatically, and a red + mark appears on the found object. If the location
fails, an alarm message to that effect is displayed and the measurement area setting is stopped.

5. Select the area to measure, using the displayed red rectangle, and click the [OK] button. For
detailed information about the operation method, see Subsection 4.12.8, “Window Setup”.
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The values shown in [Reference Position] indicate the position of the object that the parent locator tool
found when the measurement area was specified.

Run-Time Mask

Specify an area of the measurement window that you do not want processed as an arbitrary geometry.
The filled area will be masked in the rectangle specified as the measurement window and will not be
subject to the image processing. To change the run-time mask, click the [Edit RT Mask] button. For
detailed information about the operation method, see Subsection 4.12.9, “Editing Masks”.

Filter Type

Before measuring a histogram, you can apply a filter to the image.

None
Do not use a filter.

Blur

Apply a filter to blur the image. Blurring an image obscures brightness differences in the image,
thus helping alleviate the effect of noise.

Times

Specify the number of times the filter is to be applied. Currently, this item is available only when [Blur]

is set in [Filter Type]. The larger the number, the stronger the blurring effect. The specifiable value
range is 1 to 10.

Range of Interest

Specify the brightness range of interest from 0 (dark) to 255 (bright). [Within Range (%)], described
later, indicates the percentage of pixels within the specified brightness range.
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Image Display Mode
Select the type of image to be displayed in the image display frame from the following two types:

Original Image
Display the image as it is captured by the camera.

Filtered Image
Display the image resulting from applying a specified filter to the original image.

8.7.2 Running a Test

Run a measurement test to see if the tool can find brightness properly.
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Snap and Find button

The tool snaps an image from the camera and attempts to perform the measurement.

Continuous S+F button
The tool repeats the Snap and Find operation.

Find button

The tool only performs the measurement without snapping an image from the camera.

Time to Find
The time the histogram measurement took is displayed in milliseconds.

Measurement Result Table
The following values are displayed.

Num. Pixels
Total number of pixels in the measured area.

Maximum
Brightness of the brightest pixel in the measured area.
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Minimum
Brightness of the darkest pixel in the measured area.

Median
Median of the brightness of the measured area.

Mode
Most common brightness of pixels in the measured area.

Mean
Mean brightness of the measured area.

Std. Dev.
Standard deviation in brightness of the measured area.

Within Range (%)
Ratio of the number of pixels within the brightness range specified in [Range of Interest] to the total
number of pixels in the area whose brightness has been measured.

Out of Range (%)

Ratio of the number of pixels outside the brightness range specified in [Range of Interest] to the total
number of pixels in the area whose brightness has been measured.

8.7.3 Overridable Parameters

This command tool has no overridable parameters that can be overridden with Vision Override.

8.8 EDGE HISTOGRAM TOOL

The edge histogram tool measures the changes (gradients) in brightness of an image. When the edge
histogram tool is located below a locator tool, such as the GPM locator tool, in the tree view, the
measurement window of the edge histogram tool shifts according to the found result of the parent locator
tool. If you select the edge histogram tool in the tree view of the setup page for the vision process, a
window like the one shown below appears.

3 tecalkent - IRVision - EDGE_HIS TOGRAM Satup - Microssit Internat Explorer
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8.8.1 Setting the Measurement Area

Use Computed RT Mask
This item is available only when this edge histogram tool is a child tool of a blob locator tool. When
this check box is checked, a blob found by the parent blob locator tool is used as the measurement area
and the runtime mask of this edge histogram locator tool. Usually it is checked off.

Measurement Area
Set the area whose gradients are to be measured, as follows.

Click the * button (green) to change to the live image display.

Place the workpiece near the center of the camera view.

Click the ™ button (red) to snap the image of the workpiece.

Click the [Set] button for [Measurement area].

The parent locator tool runs automatically, and a red + mark appears on the found object.

If the location fails, an alarm message to that effect is displayed and the measurement area setting is
stopped.

6. Enclose the workpiece within the red rectangle that appears, and click the [OK] button. For
detailed information about the operation method, see Subsection 4.12.8, “Setting Window””.

RAIE IR
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The values shown in [Reference position] indicate the position of the object that the parent locator tool
found when the measurement area was specified.

Run-Time Mask
Specify an area of the measurement window that you do not want measured by the edge histogram. The
masked area of the measurement window will not be subject to the image processing of the edge
histogram. To change the run-time mask, click the [Edit RT Mask] button. For detailed information
about the operation method, see Subsection 4.12.9, "Editing Masks".

Mode

A gradient has two elements - contrast and direction. Of these, specify the element whose distribution is
to be measured.

Contrast
The distribution of gradient contrasts is measured. A gradient contrast is represented by a value
from 0 (weak) to 255 (strong). As shown in the example of the "gradient contrast image" in the
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following figure, the value becomes larger at a place where there is a greater contrast between
brightness and darkness.
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0@ oo 00 00
® 00000 00
e e o000 000
0o 000000
eaes oo 0000
[Original Image] [Contrast Image]

Direction
The distribution of gradient directions is measured. A gradient direction is represented by a value
from 0 to 255. Numbers become larger as they go counterclockwise on the screen. Which
direction is represented by each individual value is determined by the direction of the mean 128,
which is set in [Center of histogram means] described later.

[Original Image] [Direction Image]

Image Preprocessing
As the preprocessing before gradient distribution measurement, A filter can be applied to the image.
This suppresses the disturbance of the gradient distribution due to fine noise. The following three
settings are available:

None
Measure the gradient distribution with the original image without preprocessing.

Gaussian
Apply a Gaussian filter as the preprocessing. This makes it easier to save the original gradient
distribution than with [Blur]. This setting is recommended when measuring a workpiece for which
the original gradient distribution is relatively stable.

Blur
Apply a blurring filter to the image as the preprocessing. This produces a greater effect in
averaging the original gradient distribution than does [Gaussian]. This setting is recommended in
the case of an image of a casting surface or other similar material where there are many gradients
that do not faithfully represent the nature of the workpiece.
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Times
Specify the number of times the filter is to be applied as the preprocessing. Applying the filter more
times produces a greater noise reduction effect but leads to a reduced gradient contrast. The specifiable
value range is 1 to 10.

Range of Interest
Specify the contrast or direction range of interest in 256 steps from 0 to 255. [Within Range(%)],
described later, indicates the percentage of pixels within the specified brightness range.

Center of histogram means

This item is valid only when [Direction] is set for [Mode]. With this edge histogram tool, direction is
represented in 256 steps from 0 to 255. Specify which direction to assign to these numbers 0 to 255.
For example, when [Upward] is specified for [Center of histogram means], the directions of the gradient
from bright to dark are assigned so that the upward direction on the screen comes to the center of the
histogram (128). Set a direction that well represents the characteristics of the range to be measured.
For additional information, the center of histogram means is explained for each direction of the image
shown below, highlighting the area enclosed by a red rectangle where the bright-to-dark direction
corresponds to the right-to-left (leftward) direction on the screen, by using the edge image and the edge
histogram of that area.

Upward
Numbers 0 to 255 are assigned to the directions of the gradient from bright to dark so that the
upward direction on the screen comes to the center of the histogram. In this example, both the left
and right side of the histogram show the downward direction.

pnemu;v\oqgr
premiybry
pJEMan
premya’
premumoq

Leftward
Numbers 0 to 255 are assigned to the directions of the gradient from bright to dark so that the
leftward direction on the screen comes to the center of the histogram. In this example, both the left
and right side of the histogram show the rightward direction.
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Downward
Numbers 0 to 255 are assigned to the directions of the gradient from bright to dark so that the

downward direction on the screen comes to the center of the histogram. In this example, both left
and right side of the histogram show the upward direction.

premya
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Rightward
Numbers 0 to 255 are assigned to the directions of the gradient from bright to dark so that the

rightward direction on the screen comes to the center of the histogram. In this example, both the
left and right side of the histogram show the leftward direction.

premdn E

premya F—

premumog
premiybry |
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- 249 -



8.COMMAND TOOLS B-82774EN/04

Minimum Contrast
This item is valid only when [Direction] is set for [Mode]. Pixels whose gradient contrast is lower than
this value are not used for gradient direction measurement. The default value is 10, which may be
adjusted as necessary.

Image Display Mode
Select the type of image to be displayed in the image display frame from the following two types:

Original Image
Display the image as it is captured by the camera.

Edge Image
Display the image whose gradient distribution is to be measured actually. The image to be
displayed differs depending on the setting of [Mode]. For information about the image to be
displayed, see the description of [Mode] given earlier.

Preprocessed Image
Display the image to which the specified filter has been applied as the preprocessing.

8.8.2 Running a Test

Run a measurement test to see if the tool can measure the gradient distribution properly.

3 tecalkent - IRVision - EDGE_HIS TOGRAM Satup - Microssit Internat Explorer
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Snap and Find button

The tool snaps an image from the camera and attempts to perform the measurement.

Continuous S+F button
The tool repeats the Snap and Find operation.

Find button

The tool only performs the measurement without snapping an image from the camera.

Time to Find
The time the gradient distribution measurement took is displayed in milliseconds.
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Measurement Result Table
The following values are displayed.

Num. Pixels
Total number of pixels in the area in which the gradient distribution measurement was made. The
unit is the pixel. Note that pixels whose contrast is lower than the minimum contrast are excluded
from the gradient distribution measurement and not included in the total number.

Maximum
Maximum value in the gradient distribution measurement area.

Minimum
Minimum value in the gradient distribution measurement area.

Median
Median value in the gradient distribution measurement area.

Mode
Value found the most number of times in the gradient distribution measurement area.

Mean
Mean value in the gradient distribution measurement area.

Std. Dev.
Standard deviation of the values in the gradient distribution measurement area.

Within Range (%)
Ratio of the number of pixels within the range specified in [Range of Interest] to the total number of
pixels in the gradient distribution measurement area.

Out of Range (%)
Ratio of the number of pixels outside the range specified in [Range of Interest] to the total number of
pixels in the gradient distribution measurement area.

Shown below is an example of the test run using [Direction]. Since the found results of the parent tool
are reflected on the direction calculation, there is no significant change in the histogram, even if the
workpiece is rotated.

B

J..I.l h_l_lL_.J."
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On the other hand, if there is any other object in the measurement area, the histogram changes as shown
below. Paying attention to this change helps identify the overlap or other condition of the workpieces.

l_JJMLLJLMm._

8.8.3 Overridable Parameters

This command tool has no overridable parameters that can be overridden with Vision Override.

8.9 CALIPER TOOL

The caliper tool measures the length of a specified part.

/N\ CAUTION
The caliper tool is not available with V7.50P and later versions of robot
controllers. Instead, use its successor - edge pair locator tool. For the edge
pair locator tool, see Section 8.4, "EDGE PAIR LOCATOR TOOL"

When the caliper tool is located below a locator tool, such as the GPM Locator Tool, in the tree view, the
measurement window of the caliper tool moves dynamically according to the found result of the parent
locator tool. If you select the caliper tool in the tree view of the setup page for the vision process, a
window like the one shown below appears.
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NOTE

When edges cannot be found or when the measurement window goes out the
image, the caliper tool returns 0 as the measured length, instead of an error.

8.9.1 Setting the Measurement Area

Teach the area whose length is to be measured, as follows.

bl e

Click the [Set] button for [Area].

Click the ™ button (green) to change to the live image display.
Place the workpiece near the center of the camera view.

Click the ¥ button (red) to snap the image of the workpiece.

The parent locator tool runs automatically, and a red + mark appears on the found object. If the location
fails, an alarm message to that effect is displayed and the measurement area setting is stopped.

5. Select the area to measure, using the displayed red rectangle, and click the [OK] button. For
detailed information about the operation method, see Subsection 4.12.8, “Window Setup”.
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The values shown under [Reference Pos] indicate the position of the object that the parent locator tool
found when the measurement area was specified.

8.9.2

Adjusting the Measurement Parameters

Adjust the measurement parameters.

Contrast Threshold
Specify the contrast threshold for the edges to be found.

Polarity Mode

Choose the edge polarity specification method from the following:

Direct Selection

The polarity is individually specified for edges 1 and 2.

Black in White

The polarity of edge 1 is set to [Light to Dark] and that of edge 2 is set to [Dark to Light].

White in Black

The polarity of edge 1 is set to [Dark to Light] and that of edge 2 is set to [Light to Dark].

Edge 1 Polarity

Choose the polarity of the first edge from the following. The polarity can be selected when [Direct
Selection] is specified in [Polarity Mode].

Dark-to-Light

The tool finds an edge where the image brightness changes from dark to bright.

Light-to-Dark

The tool finds an edge where the image brightness changes from bright to dark.

Edge 2 Polarity

Choose the polarity of the first edge from the following. The polarity can be selected when [Direct
Selection] is specified in [Polarity Mode].
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Dark-to-Light
The tool finds an edge where the image brightness changes from dark to bright.

Light-to-Dark
The tool finds an edge where the image brightness changes from bright to dark.

Standard Length
Specify the standard length of the part to be measured (units: pixels).

Tolerance
Specify the allowable range of length for the measurement (units: pixels). The measurement is regarded
as successful if the distance between the found edges is equal to the reference length plus or minus the
allowable range of length.

Reference Length in Pixels
Set this item if you want to convert the unit of the measured length to mm. Run a test to measure the
length of the workpiece in pixels in the image, then click the Set button to set the length.

Scaled Reference Length
Set this item if you want to covert the unit of the measured length to mm. Determine the actual length

of the workpiece by means other than iRVision’s caliper tool and enter it into the scaled reference length
field.

Display Mode

Select one of the following modes for displaying the result after the process is run.

Edges
Only the found edges will be displayed.

Edge+Arrow
The found edges and the direction in which the found edges are scanned will be displayed.

Edges+Proj.+Grad.
The found edges and a graph representing the brightness of the measured part will be displayed.

Edges+Proj.+Grad+Arrow

The found edges, the direction in which the found edges are scanned, and a graph representing the
brightness of the measured part will be displayed.
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8.9.3 Running a Test

Run a measurement test to see if the tool can find the length properly.
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Snap and Find button

The tool snaps an image from the camera and attempts to perform the measurement.

Continuous S+F button
The tool repeats the Snap and Find operation.

Find button

The tool only performs the measurement without snapping an image from the camera.

Time to Find

The time the location and measurement processes took is displayed in milliseconds. This is the image
processing time and does not include the time it took to snap the image.

Measurement result table — All Parts

For the caliper tool, the items displayed in the measurement result table differ depending on the item
selected in [Result Show Mode]. When [All Parts] is selected, the results of running the caliper tool are
displayed for all found workpieces.

Num.Found
The number of found pairs of edges is displayed.

Length
The length of the found edge is displayed.

Length (conv)
The length of the found edge in the converted unit is displayed.

Ratio of Length
The ratio of the found edge length to the standard length is displayed.
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Contrast
The contrast of the found edge is displayed.

Measurement result table — All Edge Pairs
For the caliper tool, the items displayed in the measurement result table differ depending on the item
selected in [Result Show Mode]. When [All Edge pairs] is selected, all pairs of edges found in a specific
workpiece are displayed.

Show ALL
All pairs of edges found in the specified workpiece are displayed.

Show Almost Found
When this check box is checked, each pair of edges the distance between which is equal to the
standard length plus or minus the allowable range of length is displayed.

Length
The length of the found edge is displayed.

Length (conv)
The length of the found edge in the converted unit is displayed.

Edgel Row, Edgel Col, Edgel Pol
The coordinates (units: pixels) and polarity of edge 1 are displayed.

Edgel Row, Edgel Col, Edgel Pol
The coordinates (units: pixels) and polarity of edge 2 are displayed.

Contrast
The contrast of the found edge is displayed.

Found Length
If more than two edges are found, the tool picks out a pair of edges that best match the specified
measurement parameters and measures the distance between these two edges (units: pixels).

Measurement Result Table
The following values are displayed.

Row, Column
Coordinate values of the found edge (units: pixels).

Contrast
Contrast of the found edge.

8.94 Overridable Parameters

This command tool has no overridable parameters that can be overridden with Vision Override.

8.10 CONDITIONAL EXECUTION TOOL

The conditional execution tool evaluates the result of the histogram or other tool based on specified
conditions and, only if the conditions are met, executes the specified processing.
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If you select the conditional execution tool in the tree view of the setup page for the vision process, a
window like the one shown below appears.
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8.10.1 Ssetting the Parameters

Set the conditions to evaluate and the processing to be performed when the conditions are met.

Measurements
In [Measurements], select the value or values to be evaluated with conditional statements. Up to five
values can be specified.

1. From the drop-down list on the left, select a tool.
2. From the drop-down list on the right, select a measurement value.

Conditions
In [Conditions], specify the conditional statement or statements. Up to five conditions can be specified.

1.  Check the box.

2. From the drop-down list on the left, select a value.

3. From the drop-down list in the middle, select an operator for evaluation.

4.  From the drop-down list on the right, select [Const] or a [Value X].

5. Ifyou select [Const], enter a constant in the text box to the right.
Action

Select the action to be performed when all the specified conditions are met.
In the first dropdown box, select the logic to perform the action.

When all conditions pass
Performs the specified action when all conditions met.

When at least one condition pass
Perform the specified action when at least one condition met.

When all conditions fail
Performs the specified action when all conditions does not met.
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When at least one condition fail
Performs the specified action when at least one condition not met.

In the next dropdown box, select an action to perform.

Invalidate this pose
Invalidate this position.

Add the following value to model ID
Add the specified value to the model ID.

Change the found angle by
Add the specified value in degrees to the found angle.

When undetermined
In [When undetermined], specify the action to be taken when whether the conditions are met cannot be
determined. This can happen when there is no measurement value to evaluate - e.g., when the locator
tool specified in [Valuel] has failed to find the workpiece. Select one of the following options to
specify the action to be taken:

Invalidate this pose
Invalidate this position.

Add the following value to model ID
Add the specified value to the model ID.

8.10.2 Running a Test

Run a test to see if the tool can evaluate the conditions properly.

2 becalhost - RVision - EXECUTION Setup - Micrasoft Internet Explorer

EAHREAL i
il - | ek e S s

oo®g

Fou
[

[
" ™ Taal E

Snap and Find button

The tool snaps an image from the camera and attempts to runs the test.

Continuous S+F button
The tool repeats the Snap and Find operation.
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Find button

The tool only performs the measurement without snapping an image from the camera.

Result
In [Result], [PASS] is displayed if all of the specified conditions are met and [FAIL] is displayed if any of
the specified conditions are not met.

Execution Result Table

The measurement values for [Value 1] to [Value 5] and the PASS/FAIL evaluation results for [Condition
1] to [Condition 5] are displayed.

8.10.3 Overridable Parameters

This command tool has no overridable parameters that can be overridden with Vision Override.

8.11 MULTI-LOCATOR TOOL

The Multi-locator tool changes the locator tool to be executed, according to the value set in a robot
register. If you select the Multi-locator tool in the tree view of the setup page of the vision process, a
window like the one shown below appears.
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8.11.1 Adding Child Tools

Add locator tools you want to use according to the value of the register as child tools of the Multi-locator
tool. In the figure below, GPM Locator Tool 1 is executed when the register value is 1; GPM Locator
Tool 2 is executed when it is 2.

-] %‘ 2-D Single-Yiew Yision Process
e Multi-Locator Tool 1

@ GPM Locator Tool 1

E‘ GPM Lacator Tool 2
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/\ CAUTION
The Multi-locator tool cannot contain different types of locator tool. For
example, you cannot mix a blob locator tool to a GPM Locator Tool under the
multi-locator tool.

8.11.2 Setting the Register

Specify the register you want to use to change the locator tool.

Location Tool Index Register
Specify the number of the register you want to use to change the tool.

Index Register Value
The value currently set in the register specified in [Location Tool Index Register] is displayed. When
the value is changed, the value of the register of the robot controller is also updated automatically. This
function is useful when you change the locator tool and run a test.

Index Register Comment
The comment currently set for the register specified in [Location Tool Index Register] is displayed.

8.11.3 Running a Test

Test to see if the tool can find workpieces properly.
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Snap and Find button

The tool snaps an image from the camera and attempts to find a workpiece.

Continuous S+F button
The tool repeats the Snap and Find operation.

Find button

The tool only attempts to perform the measurement without snapping an image.
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Found
The number of found workpieces is displayed.

Time to Find

The time the location process took is displayed in milliseconds. This is the image processing time and
does not include the time it took to snap the image.

Found Results table

The items displayed differ depending on the tools set as child tools of the Multi-locator tool. For the
explanation of each measured value, see the pages describing the set child tools.

8.11.4 Overridable Parameters

This command tool has no overridable parameters that can be overridden with Vision Override.

8.12 MULTI-WINDOW TOOL

The multi-window tool changes the search window to be used, according to the value set in a robot
register. If you select the multi-window tool in the tree view of the setup page of the vision process, a
window like the one shown below appears.
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8.12.1 Setting the Register

Specify the register you want to use to change the window.

Window Index Register
Specify the number of the register you want to use to change the window.

Index Register Value
The value currently set in the specified register is displayed. When the value is changed, the value of
the register of the robot controller is also updated automatically. This function is useful when you
change the window and run a test.
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Index Register Comment
The comment currently set for the specified register is displayed.

Add Index to Model ID

Specify whether to add the value of the specified register to the model ID.

checked, the value of the specified register is added to the model ID.

8.12.2 Setting a Window

When this check box is

Create a new window, and delete or change a window.

Creating a new window
Click the 2| button. A new window is created.

Deleting a window
Click the X button. The window is deleted.

Moving up
Click the *| button. You can change the window.

Moving down
Click the ! button. You can change the window.

Search Window

Specify the range of the area of the image to be searched. The default value is the entire image. To
change the search window, click the [Set Search Win.] button. When a rectangle appears on the image,
change the search window. For detailed information about the operation method, see Subsection 4.12.8,

“Window Setup”.

Run-Time Mask

Specify an area of the search window that you do not want processed, as an arbitrary geometry. Use this
function when you want to specify a search window of an arbitrary geometry, such as a circle or
donut-shaped window. The filled area will be masked in the rectangle specified as the search window
and will not be subject to the image processing. To change the run-time mask, click the [Edit RT Mask]
button. For detailed information about the operation method, see Subsection 4.12.9, “Editing Masks”.
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8.12.3 Running a Test

Test to see if the tool can find workpieces properly.
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Snap and Find button

The tool snaps an image from the camera and attempts to find a workpiece.

Continuous S+F button
The tool repeats the Snap and Find operation.

Find button

The tool only attempts to perform the measurement without snapping an image.

Found
The number of found workpieces is displayed.

Time to Find
The time the location process took is displayed in milliseconds. This is the image processing time and
does not include the time it took to snap the image.

Found Results table

The items displayed differ depending on the tools set as child tools of the multi-window tool. For the
explanation of each measured value, see the pages describing the set child tools.

8.12.4 Overridable Parameters

This command tool has no overridable parameters that can be overridden with Vision Override.

8.13 POSITION ADJUSTMENT TOOL

The position adjustment tool fine-adjusts the position found by the parent locator tool using the found
result of its child locator tools. If it is difficult to find the position or angle accurately for the entire
workpiece, find the entire workpiece using the parent locator tool, then find some parts with which
positioning can be made easy, such as holes, using its child locator tools, and modify the entire found
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position for more accurate offset data. If you select the position adjustment tool in the tree view of the
setup page of the vision process, a window like the one shown below appears.
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8.13.1 Setting Parameters

Set the parameters.

Selecting tools
Up to five tools can be specified. Select a tool you want to use the position adjustment of the parent
locator tool from the drop-down list.

Setting the Reference Position
1. Click the ® button (green) to change to the live image display.
Place the workpiece at a position where the parent and child locator tools can find it.
Click the ™ button (red) to snap the image of the workpiece.
Click the [Set Ref. Pos.] button.
The parent and child locator tools find the workpiece and the position found by each tool is set as the
reference position.

nhwn

8.13.2 Setting the Parameters

Fit Error Limit
This is the threshold for the combine error (units: pixels) between the point found when the reference
position is set and the point found when the detection process is executed actually. If the combine error
exceeds this threshold, the workpiece is not found. When this check box is unchecked, the combine
error is not checked.

Conditions
Specify the value(s) to be adjusted.

Adjust Location
The coordinates (Row and Column) of the position found by the parent locator tool are adjusted.
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Adjust Angle
The angle found by the parent locator tool is adjusted.

/A\ CAUTION
To adjust both the position and orientation, at least two child locator tools must
be specified. If only one child locator tool is set, either the position or
orientation can be adjusted only.

8.13.3 Running a Test

Test to see if the tool can adjust the position properly.
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Snap and Find button

The tool snaps an image from the camera and attempts to find a workpiece.

Continuous S+F button
The tool repeats the Snap and Find operation.

Find button

The tool only attempts to perform the measurement without snapping an image.

Found
The number of found workpieces is displayed.

Time to Find

The time the location and position adjustment amount calculation processes took is displayed in
milliseconds. This is the processing time and does not include the time it took to snap the image.

Found result table
The following values are displayed.

Row
Adjustment amount in the virtual direction in the window (units: pixels).
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Column
Adjustment amount in the horizontal direction in the window (units: pixels).

Angle
Adjustment amount in the rotation direction (units: degrees).

Scale
Adjustment amount for the scale (units:  %).

Aspect Ratio
Adjustment amount for the aspect ratio (units:  %).

Skew
Adjustment amount for the direction for the aspect ratio (units: degrees).

8.13.4 Overridable Parameters

This command tool has no overridable parameters that can be overridden with Vision Override.

8.14 MEASUREMENT OUTPUT TOOL

The measurement output tool outputs the measurement values of histogram tools and other tools together
with offset data to a vision register.

When offset data measured by a vision process is obtained using the GET OFFSET command described
in Section 10.2, “PROGRAM COMMANDS”, the measurement values specified here are stored in a
vision register together with offset data. You can copy the obtained measurement values into a robot
register to be used in a robot program.

If you select the measurement output tool in the tree view of the setup page of the vision process, a
window like the one shown below appears.
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8.14.1 Setting the Measurement Values

Select values you want to set in a vision register in [Measurements].
Up to 10 values can be specified.

Measurements

WValuel: GPM Locater Tool 1 % | | Fit Error b
Valuez: Mot selected W | | Motselected %
WValue3: Mot selected W | | Mot zelected W
Valued: Mot selected W | | Motselected %
WalueSt Mot zalectad W | Mot selacted (W
WValued: Mot selected W | | MHotselected %
Walue 7 Mot salectad W | Mot selected W
WValued: Mot selected W | | MHotselected %
Waluedt Mot salectad W | Mot selected W
WValuelD: | Mot selected W | Motselected ¥

1. From the drop-down list on the left, select a tool.
2. From the drop-down list on the right, select a measurement value.

For a vision process such as “2D multi-view vision process” or “3D multi-view vision process” that has
two or more camera views, you can set a measurement output tool for each camera view as shown in the
figure below.

20 Multi-View

= B Camera View 1
= L?_‘ GPM Locator Tool 1

% Histagram Taol 1
@ Meazurement Cutput Tool 1
= B Camera View 2

= GPM Locator Tool 2

% Histagram Toal 2
& Meazurement Cutput Tool 2

In this case, the values from Measurement Output Tool 1 and Measurement Output Tool 2 are output to
the vision register. For example, when [Value 1] to [Value 5] are specified in the Measurement Output
Tool 1 and [Value 6] to [Value 10] are specified in the Measurement Output Tool 2, the measurement
values specified in the Measurement Output Tool 1 are written to measurement values 1 to 5 in the vision
register and measurement values specified in the Measurement Output Tool 2 are written to measurement
values 6 to 10 in the vision register.

/A\ CAUTION
If the same measurement values are specified the Measurement Output Tool 1
and the Measurement Output Tool 2, the values from camera view 1 are written
to the vision register.
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8.14.2 Running a Test

Test to see if the tool can output measurement values properly.
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Snap and Find button

The tool snaps an image from the camera and attempts to find a workpiece.

Continuous S+F button
The tool repeats the Snap and Find operation.

Find button

The tool only attempts to perform the measurement without snapping an image.

Found
The number of found workpieces is displayed.

Time to Find
The time the location process took is displayed in milliseconds. This is the image processing time and
does not include the time it took to snap the image.

8.14.3 Overridable Parameters

This command tool has no overridable parameters that can be overridden with Vision Override.
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8.15 3DL PLANE COMMAND TOOL

The 3DL plane command tool measures the position and posture of the workpiece by illuminating the
planar section of the workpiece with a laser with a 3D laser sensor. If you select [3DL Plane Command
Tool] in the tree view, a window like the one shown below appears.

< » Cisva |tz |

8.15.1 Setting the Measurement Area

Set the area subject to laser measurement, as follows.

/AN CAUTION

If the GPM Locator Tool resides in the same program, teach the GPM Locator
Tool before teaching the measurement area. If the model origin of the GPM
Locator Tool is changed or the model is re-taught, the measurement area of the
plane measurement tool needs to be set again.

1. Click the ¥ button (green) to display the live image of the camera.

2. Click the * button to turn on the laser.

3. Jog the robot so that the plane of the workpiece to be measured is at the center of the image. You
can make positioning easier to do by clicking the & button, which displays the center line of the
window.

4. Adjust the distance between the 3D laser sensor and workpiece so that the laser intersection point
comes around the center of the plane. In this case, the distance between the 3D laser sensor camera
and workpiece plane is about 400 mm.

5. Click the ™ putton (red) to snap the image.

6.  Click the [Train Window] button.

7.  Enclose the workpiece to be taught within the displayed red rectangle, and click the [OK] button.
For detailed information about the operation method, see Subsection 4.12.8, “Window Setup”.

Laser ID

[Laser ID] can be set to identify which final result corresponds to which 3DL plane command tool when
more than one 3DL plane command tool has been added to the vision process. Normally, the initial
value is fine when there is only one plane measurement.
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2D-3D Gap
In [2D-3D Gap], enter the difference in height relative to the laser plane, if there is a height gap between
the plane for which the model of the GPM Locator Tool is taught and the plane to be measured with the
laser. This will be a positive value if the model plane is nearer to the camera than the laser plane.

30L Laszer Sensor

20 Model Origin

3D Meazured Lazer Flane

Pozitive

\ é |‘| j_ Direction of

20-3D0 Gap

Search Narrow Area
If the plane area to be measured is small and the available points are few, enable [Search Narrow Area],
which lets you increase the number of points to be used for the measurement. Note that this increases
the processing time as well. Therefore, enable this item only when necessary.

Window Mask
If there is an uneven portion on the plane to be illuminated with the laser in the measurement area, or if
there is a region you want to remove from the measurement area, set a mask. To create a mask in the
measurement area, click the [Edit Mask] button. Even when you have edited a mask, the tool will ignore
the mask if you uncheck the [Enable] box. For detailed information about the operation method, see
Subsection 4.12.9, “Editing Masks”.

8.15.2 Adjusting the Location Parameters

Attempts to adjust the laser point location parameters should be confined to those cases where adjusting
the laser measurement settings never yields accurate found results. Forcing the tool to find laser points
or changing the values inadvertently might result in inaccurate calculation of the detection position.

/N CAUTION
Before changing the location parameters, check that the laser measurement
exposure time in the vision process has been adjusted so that an image is
captured adequately.

Min. Num. Laser Points
If the number of effective points found in the measurement area, excluding the mask area, is below this
threshold, the measurement result is invalid. If the laser point found result varies because of a small
measurement area or change in image brightness, lowering the minimum number of laser points might
make location possible. Note that, because the inclination of the workpiece plane is calculated from the
found points, measurement accuracy can degrade as the number of points decreases.
The number of effective laser points to be found is dependent on the [Min. Laser Contrast] and [Max.
Laser Fit Error] shown below.
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Min. Laser Contrast
This is the threshold for finding points of the laser applied to the measurement area, excluding the mask
area.

Max. Line Fit Error
When a straight line is formed by points of the laser applied to the measurement area, excluding the mask
area, each point is regarded as an effective point as long as its deviation from the straight line is within
this margin of error expressed in pixels. When the plane to be measured is textured, as in a casting
surface, increasing this value slightly might allow the tool to find more effective points. Note that
setting too large a value might degrade accuracy.

Max. Lines Distance

Theoretically, the straight line formed by laser points calculated from each laser slit intersects at the
intersection point of the laser applied to the workpiece plane. In actuality, however, the distance
between the two lines rarely becomes 0 because of calibration error or measurement error. The
maximum LL distance is the threshold for the shortest distance of the straight line orthogonal to the two
straight lines.

The initial value is set to 3.0 mm. If the need arises to set a distance longer than this, the 3D laser sensor
might not have been calibrated properly. Although the maximum LL distance can be increased on a
temporary basis as long as the position offset of the robot is within the required accuracy range, it is
recommended to perform automatic re-calibration as appropriate.

Find Mode
In the case that some laser lines are detected from each laser slit, select the combination of laser lines used
for the measurement. The upper drop-down list has two options.

Use Best Lines
The detected laser lines including the most laser points are selected for each laser slit. The
measurement uses the combination of the selected laser lines.

Use All Lines
All the detected laser lines are selected in order for each laser slit. The measurement uses all the
combinations of the different laser slits’ laser lines.

When “Use All Lines” is selected, the lower drop-down list is enabled. It has two options.

Find First
The measurement uses the combinations of the laser lines selected in descending order of the
number of laser points. When the distance between the combined laser lines becomes less than the
maximum lines distance at first, the plane measured by the combined laser lines is output and the
measurement is terminated.

Find Best
The plane measured by the combined laser lines whose distance is the smallest is output.

Laser Plotting Mode

Select how the laser label is to be displayed on the image when the process is run.

Plot CW Mode
The laser label is displayed clockwise.

Plot CCW Mode
The laser label is displayed counterclockwise.
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Plot Nothing
The laser label is not displayed.

8.15.3 Running a Test

Test to see if the tool can find the workpiece properly.

3 pderab026 - R¥iskan - FINDADL Setup - Microsoft Internet Explorer

T b Find S i
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Snap and Find button
The tool snaps an image from the camera and attempts to find a workpiece. The found result is
displayed as shown in the figure below.

Continuous S+F button
The tool repeats the Snap and Find operation.

Find button

The tool only attempts to find a workpiece without snapping an image. Use this function when you
want to confirm the effect of the same image with different location parameters.

Time to Find
The time the location process took is displayed in milliseconds. This is purely the time of image
processing and does not include the time it took to snap the image.

Found Result Table

The following values are displayed.

X,Y,Z,W,P,R
Coordinate values of the found plane.

Model ID
Model ID of the found GPM Locator Tool.

Score
Score of the found GPM Locator Tool.

Laser ID
Measurement number of the found plane.
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Laser 1 Points
Number of found laser 1 points.

Laser 2 Points
Number of found laser 2 points.

Laser 1 Fit Error
Straight-line approximation error of laser 1 (units: pixels).

Laser 2 Fit Error
Straight-line approximation error of laser 2 (units: pixels).

Laser Distance
Straight-line distance between found laser 1 and laser 2 (units: mm).

Image Display Mode

Select how the found results are to be displayed on the image after the test is run.

2D Image
The camera-captured image is displayed.

Laser Slit Image 1
The image of laser slit 1 is displayed.

Laser Slit Image 2
The image of laser slit 2 is displayed.

8.15.4 oOverridable Parameters

This command tool has no overridable parameters that can be overridden with Vision Override.

8.16 3DL DISPL COMMAND TOOL

The 3DL displ. command tool measures the distance to the workpiece by illuminating the workpiece with
a laser with a 3D laser sensor. If you select [3DL Displ. Command Tool] in the tree view, a window like
the one shown below appears.

¥ FIND3DLZ Setu,

RGEREIEN [

Found Results - [ [ i [w I3 B | Moderry | Srum
3 ]

......

274 -



B-82774EN/04 8.COMMAND TOOLS

8.16.1 Setting the Measurement Area

Set the area subject to laser measurement, as follows.

/\ CAUTION
If the GPM Locator Tool resides in the same program, teach the GPM Locator
Tool before teaching the measurement area. If the model origin of the GPM
Locator Tool is changed or the model is re-taught, the measurement area of the
plane measurement tool needs to be set again.

1. Click the #8 button (green) to display the live image of the camera.

2. Click the * button (red) to turn on the laser.

3. Jog the robot so that the plane of the workpiece to be measured comes at the center of the image.
You can make positioning easier to do by clicking the jz2] button, which displays the center line of
the window.

4.  Adjust the distance between the 3D laser sensor and workpiece so that the laser intersection point

comes at the center of the plane. In this case, the distance between the 3D laser sensor camera and

workpiece plane is about 400 mm.

Click the ¥ button (red) to snap the image of the workpiece.

Click the [Train Window] button.

7.  Enclose the workpiece to be taught within the displayed red rectangle, and click the [OK] button.
For detailed information about the operation method, see Subsection 4.12.8, “Window Setup”.

oW

Laser ID
[Laser ID] can be set to identify which final result corresponds to which 3DL laser displacement tool
when more than one 3DL displ. command tool has been added to the vision process. Normally, the
initial value is fine when there is only one plane measurement.

2D-3D Gap
In [2D-3D Gap], enter the difference in height relative to the laser plane, if there is a height gap between
the plane for which the model of the GPM Locator Tool is taught and the plane to be measured with the
laser. This will be a positive value if the model plane is nearer to the camera than the laser plane.

3DL Lazer =enzor

20 Model Origin

/ 30 Measzured Laser Plane

J F 3 Postive

|‘| Direction of

20-30 Gap

Search Narrow Area
If the plane area to be measured is small and the available points are few, enable [Search Narrow Area],
which lets you increase the number of points to be used for the measurement. Note that this increases
the processing time as well. Therefore, enable this item only when necessary.
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Window Mask
If there is an uneven portion on the plane to be illuminated with the laser in the measurement area, or if
there is a region you want to remove from the measurement area, set a mask. To create a mask in the
measurement area, click the [Edit Mask] button. Even when you have edited a mask, the tool will ignore

the mask if you uncheck the [Enable] box. For detailed information about the operation method, see
Subsection 4.12.8, “Edit Masks”.

8.16.2 Adjusting the Location Parameters

Attempts to adjust the laser point location parameters should be confined to those cases where adjusting
the laser measurement settings never yields accurate found results. Forcing the tool to find laser points
or changing the values inadvertently might result in inaccurate calculation of the detection position.

/A\ CAUTION
Before changing the location parameters, check that the laser measurement
exposure time in the vision process has been adjusted so that an image is
captured adequately.

Min. Num. Laser Points

If the number of effective points found in the measurement area, excluding the mask area, is below this
threshold, the measurement result is invalid. If the laser point found result varies because of a small
measurement area or change in image brightness, lowering the minimum number of laser points might
make location possible. Note that, because the inclination of the workpiece plane is calculated from the
found points, measurement accuracy can degrade as the number of points decreases.

The number of effective laser points to be found is dependent on the [Min. Laser Contrast] described
below.

Min. Laser Contrast
This is the threshold for finding points of the laser applied to the measurement area, excluding the mask
area.

Z Range
This is the range of Z-direction points to be used for calculation from the average value of laser points.
Set this to a value between 0 and 200.

Laser Plotting Mode

Select how the laser label is to be displayed on the image when the process is run.

Plot CW Mode
The laser label is displayed clockwise.

Plot CCW Mode
The laser label is displayed counterclockwise.

Plot Nothing
The laser label is not displayed.
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8.16.3 Running a Test

Test to see if the tool can find the workpiece properly.

Snap and Find button
The tool snaps an image from the camera and attempts to find a workpiece. The found result is
displayed as shown in the figure below.

don - FINDIDLZ Setup - Microsoft Internet Explorer
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Continuous S+F button
The tool repeats the Snap and Find operation.

Find button

The tool only attempts to find a workpiece without snapping an image. Use this function when you
want to confirm the effect of the same image with different location parameters.

Time to Find

The time the location process took is displayed in milliseconds. This is the image processing time and
does not include the time it took to snap the image.

Found Result Table

The following values are displayed.

X,Y,Z,W,P,R
Coordinate values of the found plane. (W and P are always zero.)

Model ID
Model ID of the found GPM Locator Tool.

Score
Score of the found GPM Locator Tool.

Laser ID
Measurement number of the found plane.

Laser 1 Points
Number of found laser 1 points.
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Laser 2 Points
Number of found laser 2 points.

Image Display Mode

Select how the found results are to be displayed on the image after the test is run.

2D Image
The camera-captured image is displayed.

Laser Slit Image 1
The image of laser slit 1 is displayed.

Laser Slit Image 2
The image of laser slit 2 is displayed.

8.16.4 Overridable Parameters

This command tool has no overridable parameters that can be overridden with Vision Override.

8.17 3DL CYLINDER TOOL

The 3DL cylinder tool measures the surface of a cylinder workpiece, like the one shown below, using a
3D laser sensor, in order to estimate the central axis of the workpiece.

If you select [3DL Cylinder Command Tool] in the tree view, a window like the one shown below
appears.
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8.17.1 Setting the Measurement Area

Set the area subject to laser measurement, as follows.

/A\ CAUTION

If the GPM locator tool or curved surface locator tool resides in the same
program, teach the GPM locator tool or curved surface locator tool before setting
this measurement area. If the model origin of the GPM locator tool or curved
surface locator tool is changed or the model is re-taught, the measurement area
of the cylinder measurement tool needs to be set again.

oW

Click the ¥ button (green) to display the live image of the camera.

Click the *| button to turn on the laser.

Jog the robot so that the cylinder to be measured is at the center of the image.

You can make positioning easier to do by clicking the & button, which displays the center line of
the window.

Adjust the distance between the 3D laser sensor and cylinder so that the laser intersection point
comes around the center of the plane. In this case, the distance between the 3D laser sensor camera
and workpiece plane is about 400 mm or 600 mm, depending on how laser and camera portion of the
3DL sensor are connected.

Click the ®| button (red) to snap the image.

Click the [Train Window] button.

Enclose the workpiece to be taught within the displayed red rectangle, and click the [OK] button.
For detailed information about the operation method, see Subsection 4.12.8, “Window Setup”.

If there is a laser image, the laser is displayed on the workpiece surface. Set the window to enclose
the laser.

Train Cylinder Direction
After training the window, teach a total of four points to indicate the cylinder direction - two initial points
and two terminal points along the two lines at the curved surface ends of the cylinder. Click the [No.1
Init] button, and drag the + mark to a desired position with the standard cursor. Clicking [OK] registers
the initial point of the first line. For [No.1 Term], [No.2 Init], and [No.2 Term], teach points in the same
way. The orientations of the two lines from the initial point to the terminal point must be roughly the
same (within an angle of 30 degrees).

o 1

L [ho 2o ] [No.2iRLlE.

Cylinder Diameter
Set the diameter of the part where the cylinder direction has been taught. This value must be between 10
mm and 200 mm.
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Laser ID
When more than one cylinder tool is added to the process, [Laser ID] can be set to identify which cylinder
tool corresponds to the final result. Normally, when the process uses one cylinder tool, the default value
may be used as is.

Window Mask
If the model data has any unnecessary region (e.g., a region that does not belong to the cylinder or a
region with irregularities), masking that region enables stable measurement. To create a mask in the
measurement area, click the [Edit Mask] button. Even when you have edited a mask, the tool will ignore

the mask if you uncheck the [Enable] check box. For detailed information about the operation method,
see Subsection 4.12.9, "Editing Masks".

8.17.2 Adjusting the Location Parameters

Attempts to adjust the laser point location parameters should be confined to those cases where adjusting
the laser measurement settings never yields accurate found results. Forcing the tool to find laser points or
changing the values inadvertently might result in inaccurate calculation of the detection position.

/A\ CAUTION
Before changing the location parameters, check that the laser measurement
exposure time in the vision process has been adjusted so that an image is
captured adequately.

Min. Num Laser Points 1
If the min. number laser points 1 found in the measurement area, excluding the mask area, is below this
threshold, the measurement result is invalid.  Set this to a value between 2 and 480.

Min. Num Laser Points 2
If the min. number laser points 2 found in the measurement area, excluding the mask area, is below this
threshold, the measurement result is invalid. ~ Set this to a value between 2 and 480.

Laser 1 Contrast
This is the threshold for finding points of the laser 1 applied to the measurement area, excluding the mask
area. Set this to a value between 0 and 255.

Laser 2 Contrast
This is the threshold for finding points of the laser 1 applied to the measurement area, excluding the mask
area. Set this to a value between 0 and 255.

Max Fit Error
When a cylinder surface is formed by laser points applied to the measurement area, excluding the mask
area, each of these points is regarded as valid if the point's error from the cylinder surface is below this
threshold. Set this to a value between 0 and 10 mm. The maximum value may change depending on
the cylinder diameter.

Laser Plotting Mode

Select how the laser label is to be displayed on the image when the process is run.

Plot CW mode
The laser label is displayed clockwise.

Plot CCW mode
The laser label is displayed counterclockwise.
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Plot nothing
The laser label is not displayed.

8.17.3 Running a Test

Test to see if the tool can find the workpiece properly.
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Snap and Find button
The tool snaps an image from the camera and attempts to find a workpiece. The found result is displayed
as shown in the figure below.

Continuous S+F button
The tool repeats the Snap and Find operation.

Find button
The tool only attempts to find a workpiece without snapping an image. Use this function when you want
to confirm the effect of the same image with different location parameters.

Found
If the result is successfully calculated, 1 is displayed. If the tool fails to find the workpiece, 0 is displayed.

Time to Find
The time the location process took is displayed in milliseconds. This is the image processing time and
does not include the time it took to snap the image.

Found Result Table

The following values are displayed.

X, Y, Z
X, Y, and Z direction positions of the model origin of the found target in the user frame specified for
output during the camera calibration (unit: mm).

W, P, R
W, P, and R direction postures of the found cylinder in the user frame specified for output (unit:
degree).
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Model ID
Model ID of the found curved surface locator tool or GPM locator tool model.

Score
This indicates how well the features of the found target match those of the taught curved surface
locator tool or GPM locator tool model. If they completely match, 100 is displayed.

Laser ID
Laser ID of the cylinder tool used for the measurement.

Laserl Points
Number of valid laser 1 points found in the measurement area.

Laser2 Points
Number of valid laser 2 points found in the measurement area.

Laserl Fit Err
Average error between valid laser 1 points and the generated cylinder surface (unit: pixel).

Laser2 Fit Err
Average error between valid laser 2 points and the generated cylinder surface (unit: pixel).

Image Display Mode

Select the mode for displaying the found results on the window when running a test.

2D Image
The camera-captured 2D image and the found results will be displayed.

Laser Slit Image 1
Laser slit image 1 will be displayed.

Laser Slit Image 2
Laser slit image 2 will be displayed.

8.17.4 Overridable Parameters

This command tool has no overridable parameters that can be overridden with Vision Override.
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8.18 EVALUATION TOOL

The evaluation tool determines whether a workpiece has passed or failed the inspection, by evaluating
one or more conditional expressions. You can write more than one conditional expression and have the
tool evaluate those multiple conditional expressions in a comprehensive fashion. The tool is available
only with the single-view inspection vision process. If you select the evaluation tool in the tree view of
the setup page of the single view inspection vision process, a window like the one shown below appears.

AllTrus

D0ODO0OO0O0OO0OO0D

Results | vesder | | Cond. | Condiin [k | Cond. Pan |

ODDODOOO0OO0OD

[ ave_ [ ctare J[ iz

8.18.1 Setting the Parameters

Set the measured values and conditional expressions to be evaluated, as well as the [Pass When] condition
for making overall judgment based on the results of the individual conditional expressions.

Value 1to 20

Clicking the [Variable] tab displays a window like the one shown below.
Select a value to be evaluated with a conditional expression. Up to 20 values can be specified.

Condition

Vard | Edge Pair Locator Tool 1 V| | Length v|

vrz | o —
vara | ™
vara | D
vars | D
vare | ™
vart | D

1. From the drop-down list on the left, select a command tool.
2. From the drop-down list on the right, select a measurement value to be evaluated.

Condition 1 to 20
Clicking the [Condition] tab displays a window like the one shown below.
Set a conditional expression. Up to 20 conditional expressions can be specified.
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N =

Variable

Condl [ ward | DU v || Const, v || 128m0

J00o000

Enable the condition by clicking the check box.

From the leftmost drop-down list, select the value to be evaluated, from the following:
- Variable 1 to Variable 20

- Result of a conditional expression preceding this conditional expression

From the second drop-down list, select the logical expression to be used for evaluation.
The available items are described later.

From the third drop-down list, select the value to be compared for evaluation, from the following:
- Const

- Variable 1 to Variable 20

- Result of a conditional expression preceding this conditional expression

If you select [Const] in step 4, enter a constant value in the text box on the right side.

Logical expression for evaluation
As a logical expression to be specified in a conditional expression, one of the following can be selected.
The available options differ depending on the type of evaluation.

<>

The expression is "true" if the evaluation target value is equal to the comparison value; otherwise, it
is "false".

The expression is "true" if the evaluation target value is larger than the comparison value; otherwise,
it is "false".

The expression is "true" if the evaluation target value is larger than or equal to the comparison value;
otherwise, it is "false".

The expression is "true" if the evaluation target value is smaller than the comparison value;
otherwise, it is "false".

The expression is "true" if the evaluation target value is smaller than or equal to the comparison
value; otherwise, it is "false".

The expression is "true" if the evaluation target value is not equal to the comparison value; otherwise,
it is "false".

The expression is "true" if the evaluation target value is within the range defined by two comparison
values; otherwise, it is "false".
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ouT
The expression is "true" if the evaluation target value is outside the range defined by two
comparison values; otherwise, it is "false".

AND
The expression is "true" if both the evaluation target value and the comparison value are "true";
otherwise, it is "false".

OR
The expression is "true" if either the evaluation target value or the comparison value is "true";
otherwise, it is "false".
XOR
The expression is "true" if both the evaluation target value and the comparison value are "true" or
"false"; otherwise, it is "false".
Pass When

Set a condition for making overall judgment as to whether the workpiece has passed or failed the
inspection, based on the evaluation results of the individual conditional expressions.

Status Trained

Pazsz When: Al True W

Select one of the following:

All conditions are true
The workpiece is judged to have "passed" if all the specified conditional expressions are "true" or to
have "failed" if any of the specified conditional expressions are "false". [Undetermined] is
displayed if there are no “false” conditions and there is at least one condition that cannot be
evaluated. Typically a condition cannot be evaluated if the locator tool does not find a workpiece.

At least one condition is true
The workpiece is judged to have "passed" if any of the specified conditional expressions is "true" or
to have "failed" if all the specified conditional expressions are "false". [Undetermined] is displayed
if there are no “true” conditions and there is at least one condition that cannot be evaluated.
Typically a condition cannot be evaluated if the locator tool does not find a workpiece.

All conditions are false
The workpiece is judged to have "passed" if all the specified conditional expressions are "false" or to
have "failed" if any of the specified conditional expressions is "true". [Undetermined] is displayed
if there are no “true” conditions and there is at least one condition that cannot be evaluated.
Typically a condition cannot be evaluated if the locator tool does not find a workpiece.

At least one condition is false
The workpiece is judged to have "passed" if any of the specified conditional expressions is "false" or
to have "failed" if all the specified conditional expressions are "true". [Undetermined] is displayed
if there are no “false” conditions and there is at least one condition that cannot be evaluated.
Typically a condition cannot be evaluated if the locator tool does not find a workpiece.

Last Condition True
The workpiece is judged to have "passed" if the last expression of the specified conditional
expressions is "true" or to have "failed" if that expression is "false". [Undetermined] is displayed if
the conditional expression cannot be evaluated.
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8.18.2 Running a Test

Run a test to see if the tool can perform evaluation properly.

3] bocalhost - iR¥ision - VPINSRECTION Setup - Microsoft Internet Dxplorer EEE
AL ) ) F5Lunl=E30 | Vision Tools
i« | Se k@ e =/ s H uixes
=1 e r—r———
T
i

OEE

OoOOo0orc

Results ek | [ o
Tisma ta Fk: GL0mnn, |} 1

ooOo0Oorc

Snap and Find button

The tool snaps an image from the camera and runs a test.

Continuous S+F button
The tool repeats the Snap and Find operation.

Find button

The tool only performs the measurement without snapping an image from the camera.

Time to Find
The time the evaluation took is displayed in milliseconds. This only represents the time it took to
perform the logical operation and does not include the time it took to snap and process the image.

Verdict

The overall evaluation result of the evaluation tool is displayed.

Found Result Table
The number of each conditional expression evaluated and the associated evaluation logical expression,
evaluation target value, comparison value, and evaluation result are displayed.

Cond. No
Number of the conditional expression.

Condition
Conditional expression that is set.

Value
Evaluation target value evaluated with the conditional expression.

Cond. Result
Evaluation result of the conditional expression.
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8.18.3 Overridable Parameters

This command tool has no overridable parameters that can be overridden with Vision Override.

8.19 SURFACE FLAW INSPECTION TOOL

Surface Flaw Inspection tool finds defects on the planer surface of a target object. First, regions that
seem suspicious are extracted by searching within the specified search window. Then, the
measurements of potential flaws such as individual flaw area and length, as well as the number of found
flaws and the ratio of total flaw area to the search window area, are evaluated. This tool is only
available with Single-view Inspection vision process. If you select a surface flaw inspection tool in the
tree view of the setup page for a vision process, a setup page like the one shown below appears.

8.19.1 Adjusting the Search Parameters

Adjust the parameters for finding flaws from the image.

Search Window
Specify the region of the image to be inspected. The narrower the region is, the faster the inspection
process ends.  Set the search window as follows.

Click the ™ button (green) to change to the live image display.

Place a workpiece near the center of the camera view.

Click the ¥ button (red) to snap the image of the workpiece.

Click the [Set] button.

Enclose the inspection region within the red rectangle that appears, and click the [OK] button.
or detailed information about the operation method, see Subsection 4.12.8, “Setting Window”.

TR

Run-Time Mask
Specify an area of the search window that you do not want to inspect, with an arbitrary geometry. Use
this function when you want to specify a search window of an arbitrary geometry, such as a circle- or
donut-shaped window. The filled area will be masked in the rectangle specified as the search window
and will not be subject to inspection. To change the run-time mask, click the [Edit RT Mask] button.
For detailed information about the operation method, see Subsection 4.12.9, “Editing a Mask.”
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Flaw Color
Select the color of the flaw to be found from the following options:

White
Finds white flaws.

Black
Finds black flaws.

Contrast Threshold
Specify how clearly the contour is perceivable in order to be considered as a flaw. If the average
contrast of the contour of the found region is below this threshold, then the region will not be considered
as a flaw. Faint flaws can be detected when a lower threshold value is specified, but some flaws may be
recognized larger and the contour fuzzier. On the other hand, faint flaw are not found when a higher
threshold value is specified, and only apparent flaws are found. The default value is 10, and the
specifiable range is from 1 to 200.

Magnitude Range
Specify the range of pseudo-depth of individual flaw to be found. The magnitude is determined as the
difference between the darkest gray within the found flaw region and the gray of the contour. The

default values are 10 for minimum and 200 for maximum, and the specifiable value range is from 1 to
255.

Search Limit
The search limit is used to adjust the extent of the individual flaw contour. This parameter is normally
left at “Standard.”
Min
The flaws tend to be recognized in smaller segments.

Low
The flaws tend to be recognized in segments.

Standard
Standard setting is used to find flaws.

High
The flaws tend to be recognized in masses.

Max
The flaws tend to be recognized in larger masses.

8.19.2 Image Preprocessing

Surface Flaw Inspection command tool has its own image preprocessing in order to generate an image
suitable for inspection. There are two types of preprocessing available, and both are applied to the
pixels within the search window. Multiple preprocessing can be specified, and they are applied in a
pre-determined order.

8.19.2.1 Background Removal

Background Removal is a function that removes features that seems to be a part of the background. This
preprocessing is applied before other preprocessing.
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Method

Select the method of background removal from the following options:

Not Used
Background removal is not applied.

Static
By registering a flawless image as the master image, features identical to the master image are
removed as the background from the image to be inspected. This method has the effect of
removing features that appear the same in all images such as, for instance, the shape of the inspected
object. The processed image will be the difference of the registered master image and the captured
image. Be advised that not all background features are removed, due to individual variability of
objects, lens disparity, or lighting conditions.

Dynamic
An image representing the background features (a pseudo-master image) is dynamically generated
from the captured image, and is used as the master image for background removal. This method
has the effect of removing minor undulation of the image when there are no abrupt changes in the
grayscale level of the pixels. The processed image will be the difference of the pseudo-master
image and the captured image.

Shading
The gradual grayscale changes in the image due to uneven lighting is removed. It is essential for
inspection to have the image area evenly lit, and this method has the effect of generating an image as
if the lighting is constant across the entire pixels. A master image, captured by showing a flat
surface such as a sheet of paper, needs to be registered to calculate the coefficients for adjustment.
If there are grayscale changes not associated with the lighting non-uniformity, this method may not
work properly.

Train Master
Registers an image as a master image. A master image needs to be registered when the background
removal method is either “Static” or “Shading.”

When a master image is already registered, the text on the button becomes “Append Master.” When the
“Append Master” button is clicked, the captured image and the registered master image are integrated to
generate a new master image. By appending multiple images and registering the integrated image as the
master image, the S/N ratio of the master image can be improved.

Clear Master
Clears the registered master image. The button is disabled when a master image is not registered.

Dynamic Size
Specify the unit size for processing the image. Dynamic size is a parameter used to generate a
pseudo-master image in the dynamic background removal method. This parameter is only enabled when
the method is “Dynamic.” The default value is 7, and the specifiable value range is from 1 to 10.

Num Images
The number of images used to generate the master image is displayed.

Runtime Mask
Specify an area of the shading background removal master image with an arbitrary geometry. The
masked pixels will not be included in calculating the coefficients for adjusting the lighting non-uniformity.
Use this function when there are grayscale changes not associated with the lighting non-uniformity in the
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master image. To change the run-time mask, click the [Edit RT Mask] button. For detailed
information about the operation method, see Subsection 4.12.9, “Editing a Mask.”

Image Display Mode

Select the mode to display an image in the background removal setup from the following options:

Original
Displays the image as it is captured by the camera.

Master
Displays the registered master image. A pseudo-master image is displayed when the background
removal method is “Dynamic.”

Background Removed
Displays the background removed image.

OK

Returns to the Surface Flaw Inspection setup after saving the changes.

Cancel
Returns to the Surface Flaw Inspection setup discarding all changes.

8.19.2.2 Filters

Multiple filters can be applied to the image prior to the inspection. Filters are applied in the order of
“Filter Type 1” and “Filter Type 27, after applying the background removal.

Filter Types
None
Does not use a filter.

Blur
Applies a filter to blur the image. Blurring an image obscures brightness differences in the image,
thus helping alleviate the effect of noise.

Sharpen
Applies a filter to sharpen the image.

Blur & Sharpen
Applies a blur filter followed by a sharpen filter.

Sharpen & Blur
Applies a sharpen filter followed by a blur filter.

Erode
Erodes the black area. Helps reduce the black pixel noise.

Dilate
Dilates the black area. Helps reduce the white pixel noise.

Open

Erodes the black area and then dilates it. This will connect white regions that are close to touching
or disconnect black regions that are slightly touching,
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Close
Dilates the white area then erodes it. This will connect black regions that are close to touching or
disconnect white regions that are slightly touching.

Times

Specify the number of times the selected filter is to be applied. The larger the number is, the stronger
the filter effect becomes. The default value is 1, and the specifiable value range is from 1 to 20.

8.19.3 Adjusting the Range Parameters

The found regions based on the specified flaw color are examined using the following measurements, to
determine whether each region should be considered as a flaw. Each measurement has “Enabled”,
“Min”, and “Max” to change the acceptable range. Measurements without a check in the “Enabled”
checkbox will not be used to evaluate whether the found regions are flaw or not.

Calculate the Angle
When this checkbox is checked, a rectangle circumscribing the flaw is calculated, and its length, width,
angle, and elongation are calculated as measurements. The rectangle is formed such that the longer sides
are parallel to the major axis of the flaw. The inspection process will take longer when this feature is
enabled. Use this feature only when you want to judge the flaws based on length, width, angle, and/or
elongation.

Area
Specify the range of area values (in pixels) for judging the found region as a flaw. The default values
are 10 for minimum and 10000 for maximum, and the specifiable value range is from 1 to 1000000.

Perimeter
Specify the range of perimeter values (in pixels) for judging the found region as a flaw. The default
values are 10 for minimum and 500 for maximum, and the specifiable value range is from 1 to 8200.

Circularity
Specify the range of circularity values for judging the found region as a flaw. Circularity represents how
closely the found flaw resembles a circle. If the flaw is a perfect circle, this value is 1.0. The more
complex the flaw contour becomes in geometry, the smaller the value becomes. The default values are
0.0 for minimum and 1.0 for maximum, and the specifiable value range is from 0.0 to 1.0.

Length
Specify the range of length values (in pixels) for judging the found region as a flaw. The length is
calculated as the length of a rectangle circumscribing the flaw, with its sides parallel to the major axis of
the flaw. The default values are 20.0 for minimum and 400.0 for maximum, and the specifiable value
range is from 1.0 to 50000.0.

Width
Specify the range of width values (in pixels) for judging the found region as a flaw. The width is
calculated as the width of a rectangle circumscribing the flaw, with its sides parallel to the major axis of
the flaw. The default values are 20.0 for minimum and 400.0 for maximum, and the specifiable value
range is from 1.0 to 50000.0.

Angle
Specify the range of angle values (in degrees) for judging the found region as a flaw. The angle is
calculated as the angle of the major axis of the rectangle circumscribing the flaw. A flaw with an angle
of 0 degrees has its major axis vertical with respect to the image. The default values are -180.0 for
minimum and 180.0 for maximum, and the specifiable value range is from -180.0 to 180.0.
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Elongation
Specify the range of elongation values for judging the found region as a flaw. Elongation is calculated
by dividing the length by the width, and represents how slender the found flaw is. The longer the flaw is,
the larger the value becomes. The default values are 1.0 for minimum and 800.0 for maximum, and the
specifiable value range is from 1.0 to 50000.0.

8.19.4 Display Modes

Plot Mode

Select the mode to plot results from the following options:

Position
Only the center of mass of each flaw will be plotted.

Contour
Only the contour of each flaw will be plotted.

Position & Contour
The center of mass and the contour of each flaw will be plotted.

Position & Bound Box
The center of mass and the box circumscribing each flaw will be plotted.

All
The center of mass, the contour, and the box circumscribing each flaw will be plotted.

Image Display Mode

Select the image to display from the following options:

Original
Displays the image as it is captured by the camera.

Original + Results
Displays the image as it is captured by the camera, and the results if any.

Master
Displays the registered master image. A pseudo-master image is displayed when the background
removal method is “Dynamic.”

Background Removed
Displays the background removed image.

Filtered
Displays an image with both background removal and filters applied, if any.

Filtered + Results
Displays an image with both background removal and filters applied, and the results if any.

8.19.5 Running a Test

Test to see if the tool can find flaws properly.
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......

jon Resulls

Snap and Find button

The tool snaps an image from the camera and attempts to find flaws.

Continuous S+F button
The tool repeats the Snap and Find operation.

Find button

The tool attempts to find flaws without snapping a new image. Use this function when you want to
confirm the effects of the changes made in parameters.

Num Found
The number of found flaws is displayed.

Total Area
The total area of found flaws is displayed.

Flaw Ratio
The ratio of Total Area and the search window area is displayed.

Inspect Ratio
The ratio of the area inspected and the area supposed to be inspected is displayed.

Process Time
The time the inspection took is displayed in milliseconds. This is the image processing time and does
not include the time it took to snap the image.

Found Result Table

Row, Column
Coordinate values of the center of mass of the found flaw (units: pixels).

Contrast
Average contrast value of the flaw contour pixels.

Magnitude
Magnitude (pseudo-depth) of the found flaw.
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Area
Area of the found flaw (units: pixels).

Perimeter
Perimeter of the found flaw (units: pixels).

Circularity
Degree of circularity of the found flaw.

Length
Length of the found flaw (units: pixels). This is displayed only when the checkbox for “Calculate
the Angle” is checked.

Width
Width of the found flaw (units: pixels). This is displayed only when the checkbox for “Calculate
the Angle” is checked.

Angle
Orientation of the found flaw (units: degrees). This is displayed only when the checkbox for
“Calculate the Angle” is checked.

Elongation

Elongation of the found flaw. This is displayed only when the checkbox for “Calculate the Angle”
is checked.

8.19.6 Overridable Parameters

This command tool has the following overridable parameters that can be overridden with Vision Override.
See 9.1 “VISION OVERRIDE” and 10.2.2.18 “OVERRIDE” for details.

Flaw Color
Specify 1 for black flaw or 0 for white flaw.

Contrast Threshold
Specify a number between 1 and 250.

Magnitude Range

Minimum magnitude and maximum magnitude can be specified. Specify a number between 1 and 250.

Search Limit
Specify 1 for “Min”, 2 for “Low”, 4 for “Standard”, 8 for “High”, or 16 for “Max”.

Area
Enable/disable selection for area checking, minimum area and maximum area can be specified. Specify
0 for disabling checking or 1 for enabling. Specify a number equal to or larger than 0 for minimum and
maximum area.

Perimeter
Enable/disable selection for perimeter checking, minimum perimeter and maximum perimeter can be
specified. Specify 0 for disabling checking or 1 for enabling. Specify a number equal to or larger than
0 for minimum and maximum perimeter.
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Circularity
Enable/disable selection for circularity checking, minimum circularity and maximum circularity can be
specified. Specify 0 for disabling checking or 1 for enabling. Specify a number between 0 and 1 for
minimum and maximum circularity.

Semi Major
Enable/disable selection for semi-major axis length checking, minimum semi-major axis length and
maximum semi-major axis length can be specified. Specify 0 for disabling checking or 1 for enabling.
Specify a number equal to or larger than 0 for minimum and maximum semi-major axis length.

Semi Minor
Enable/disable selection for semi-minor axis length checking, minimum semi-minor axis length and
maximum semi-minor axis length can be specified. Specify 0 for disabling checking or 1 for enabling.
Specify a number equal to or larger than 0 for minimum and maximum semi-minor axis length.

Angle
Enable/disable selection for angle checking, minimum angle and maximum angle can be specified.
Specify 0 for disabling checking or 1 for enabling. Specify a number between —180 and 180 for
minimum and maximum angle.

Elongation
Enable/disable selection for elongation checking, minimum elongation and maximum elongation can be
specified. Specify 0 for disabling checking or 1 for enabling. ~Specify a number equal to or larger than
0 for minimum and maximum elongation.

8.20 counNTTOOL

The count tool counts the number of targets found by locator tools. In addition, it can also count the
number of found targets having a specific model ID. The conditional execution tool can use the count
result for evaluation, and the measurement output tool can write the count result to a vision register. If
you select the count tool in the tree view of the setup page of the vision process, a window like the one
shown below appears.

2 becalhost - WVision - COUNT Setup - Microsoft Internet Explorer
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8.20.1 setting the Parameters

Specify the target to count.

Status
The setup status of the count tool is displayed.

Locator Tool
Specify this item when you want to count the number of targets found by a specific locator tool. If you
check the box and select a locator tool name, the count tool counts the number of targets found by that
specified locator tool. If you leave the box unchecked, the count tool counts the total number of targets
found by all the locator tools preceding the count tool that are at the same level as the count tool.

Model ID
Specify this item when you want to count the number of found results having a specific model ID. If
you check the box and specify a model ID, the count tool counts the number of found results having that
specified model ID. If you leave the box unchecked, the count tool counts the total number of found
results, irrespective of the model ID. If you check both the [Locator Tool] and [Model ID] boxes, the
count tool counts the number of targets found by the specified locator tool that have the specified model
ID.

8.20.2 Running a Test

Run a test to see if the count tool operates properly.

2 becalhost - WVision - COUNT Setup - Microsoft Internet Explorer
CAHREAL

Bl + | X o ] e

[rew=252culeE430=58) 1007k
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Time 1o Fiad: e, | 5

Snap and Find button

The tool snaps an image from the camera and attempts to perform the measurement.

Continuous S+F button
The tool repeats the Snap and Find operation.

Find button

The tool only performs the measurement without snapping an image from the camera.

Time to Find
The time the count tool process took is displayed in milliseconds.
-296 -



B-82774EN/04 8.COMMAND TOOLS

Measurement Result Table
The following values are displayed.

Found
Number of targets found.

Num. Passed
Number of targets that the evaluation tool judged to have passed. This is shown only for a
single-view inspection vision process.

Num. Failed

Number of targets that the evaluation tool judged to have failed. This is shown only for a
single-view inspection vision process.

8.20.3 Overridable Parameters

This command tool has no overridable parameters that can be overridden with Vision Override.

8.21 ARITHMETIC CALCULATION TOOL

The arithmetic calculation tool performs four arithmetic operations for specified measured values. For
example, it can calculate the difference between the mean brightness values measured by two histogram
tools. The conditional execution tool can use the calculation result for evaluation, and the measurement
output tool can write the calculation result to a vision register. If you select the arithmetic calculation
tool in the tree view of the setup page of the vision process, a window like the one shown below appears.

A becalbest - RVision - ARITHMETIC Setup - Microsoft Internet Explarer

AL -
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Found Results £ KT | i |
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8.21.1 Setting the Parameters

Set what the tool is to calculate.

Status
The setup status of the arithmetic calculation tool is displayed.

Operation
Set what kind of calculation is to be performed, by using [Value 1] and [Value 2].
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One of the following can be selected:

Value 1 + Value 2
Value 1 — Value 2
Value 1 x Value 2
Value 1 + Value 2
Value 1 Mod Value 2

Value 1, Value 2
Set the values to be used for the calculation. The measured values of the parent tool, the measured
values of preceding command tools that are at the same level as this tool or constants can be selected. In
the first drop-down box, select a command tool name or [Constant]. If you select a command tool name,
then go to the next drop-down box and select the measured value to be used for the calculation. If you
select [Constant], enter a constant value in the text box.

8.21.2 Running a Test

Run a test to see if the arithmetic calculation tool operates properly.

3 localhest - iiVision - ARITHMETI Setup - Microsell infarnet Explarar
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[(suee ][ close ][ rale

Snap and Find button

The tool snaps an image from the camera and attempts to perform the measurement.

Continuous S+F button
The tool repeats the Snap and Find operation.

Find button

The tool only performs the measurement without snapping an image from the camera.

Time to Find
The time the arithmetic calculation tool process took is displayed in milliseconds.

Measurement Result Table
The following values are displayed.

Value 1, Value 2

The values used for the calculation are displayed.
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Result
The result of the calculation is displayed.

8.21.3 Overridable Parameters

This command tool has no overridable parameters that can be overridden with Vision Override.

8.22 GEOMETRIC CALCULATION TOOL

The geometric calculation tool performs a geometric calculation using the positions found by specified
locator tools. For example, it can calculate the distance between the holes found by two locator tools.
The conditional execution tool can use the calculation result for evaluation, and the measurement output
tool can write the calculation result to a vision register. If you select the geometric calculation tool in
the tree view of the setup page of the vision process, a window like the one shown below appears.

D becalbest - iRVision - GEOMETRIC Setup - Micresoft Internet Explarer
[rew= 4T Tauled A 2a=35) 1008

| @] x o ela) # s 1

Found Resulls| | Tiecums T Cantsmen— |
Tin o find: 8 s,

8.22.1 Setting the Parameters

Set what the tool is to calculate.

Status

The setup status of the geometric calculation tool is displayed.

Operation
Select the geometric calculation to be performed. One of the following can be selected:
e Distance
e  3-Point Angle

Locator 1...2
Select the locator tools that will detect the positions to be used for the calculation. The parent tool or
preceding locator tools that are at the same level as this tool can be selected. If you select [Distance] for
[Operation], select [Locator 1] and [Locator 2]. If you select [3-Point Angle], select [Locator 1] to
[Locator 3].

-299 -



8.COMMAND TOOLS

B-82774EN/04

8.22.2 Running a Test

Run a test to see if the geometric calculation tool operates properly.

D becalbest - iRVision - GEOMETRIC Setup - Micresoft Internet Explarer

ECIe eSS

Found Results]| | e Tescuny [ Cosien - |
Tewtofiad: . |1 B A

Snap and Find button

The tool snaps an image from the camera and attempts to perform the measurement.

Continuous S+F button
The tool repeats the Snap and Find operation.

Find button

The tool only performs the measurement without snapping an image from the camera.

Time to Find
The time the geometric calculation tool process took is displayed in milliseconds.

Measurement Result Table
The following values are displayed.

Locator 1, Locator 2
The positions used for the calculation are displayed. The unit is the pixel.

Result
The values used for the calculation are displayed.

8.22.3 Overridable Parameters

This command tool has no overridable parameters that can be overridden with Vision Override.

-300 -



B-82774EN/04 8.COMMAND TOOLS

8.23  STATISTIC CALCULATION TOOL

The statistic calculation tool performs a statistic calculation for the measured values of targets found by a
specified locator tool. For example, when the blob locator tool has found five blobs, it can calculate the
average area or standard deviation of the five blobs. The conditional execution tool can use the
calculation result for evaluation, and the measurement output tool can write the calculation result to a
vision register. If you select the statistic calculation tool in the tree view of the setup page of the vision
process, a window like the one shown below appears.

2 tocalkest - iVision - STATISTIC Sstup - Micrasef Internet Explarar =]
CAMREAL ) SRR Vision Tooks
(S LGN e ) s NEESE
% rps Frles i Vg Procs
g
I
R seuscs el Tooi 1]
Statistics Caleulation Tool
e et g
| TR
......... Plvrs ahet W
Cam i uvd Find J[Cormnvns 8oF]__fied ]
Found Results | ucierams Meirurs Mo | il Oa. Towad Ham Pound
N
[(suee ][ close ][ rale

8.23.1 Setting the Parameters

Set what the tool is to calculate.

Status
The setup status of the statistic calculation tool is displayed.

Locator
Select the name of the locator tool from which to obtain measured values. Only a locator at the same
level and above the statistical calculation tool can be selected.

Measurement
Select the measured value for which the statistic calculation is to be performed.
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8.23.2 Running a Test

Run a test to see if the statistic calculation tool operates properly.

2 bocalhost - WVision - STATISTIC Setup - Microseft Internet Explorer

CAMHEAL
iwlim | e x| e) &0 a0

Found Results [T | M| O | Tetd | taam Fonrdd |
......... a1 e e s ) 5. %

Snap and Find button

The tool snaps an image from the camera and attempts to perform the measurement.

Continuous S+F button
The tool repeats the Snap and Find operation.

Find button

The tool only performs the measurement without snapping an image from the camera.

Time to Find
The time the statistic calculation tool process took is displayed in milliseconds.

Measurement Result Table
The following values are displayed.

Maximum
Maximum value of the selected measured values.

Minimum
Minimum value of the selected measured values.

Mean
Mean value of the selected measured values.

Deviation
Standard deviation of the selected measured values.

Total
Total of the selected measured values.
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8.23.3 Overridable Parameters

This command tool has no overridable parameters that can be overridden with Vision Override.

8.24  POSITION CALCULATION TOOL

The position calculation tool calculates a new position from other found positions. For example, it can
calculate the intersection of two lines found by two line locator tools, the foot of perpendicular from a
hole found by a GPM locator tool to a line found by a line locator tool, and so on. If you select the
position calculation tool in the tree view of the setup page of the vision process, a setup page like the one
shown below appears.

3 10.18.46.32 - iRVision - VPISZ Setup - Microsoft Internet Explorer

Vision Tools

FrEEENEEECSEE

9|
jis) [RTEREETEY
= 5 singl= Visn In

Camera (¥ [ Snap and Find J[Continucus s Find )

Found Results | Locator 1 Locator 2 |_Result Pase |_ Angle between two lines (deg) |
Time te Find: 0 ms,

e

8.24.1 Setting the Parameters

Set the parameters.

Status
The setup status of the position calculation tool is displayed.

Model ID

When you have taught two or more position calculation tools and want to identify which tool was used to
calculate the position, assign a distinct model ID to each tool. The model ID of the tool, which
calculated the positions, is reported to the robot controller along with offset data. This enables a robot
program to identify the type of the calculated position.

Calculation Mode
Select a position calculation to be performed. Accoding to the calculation mode that you select, locator

tools that you can select at drop-down lists of [Locator 1~3] is determined. Results of some locator tools
are treated as a "point", and some are as a "line".

Intersect. of two lines
An intersection of two lines is calculated from two input lines.
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Input Linel

Result Position

Measurement Value

Result AnglE‘ S

The result position is the intersection of two input lines, and the result angle is the bisector direction
of the angle between two input lines. In addition, the angle between two lines is calculated as its
measurement value. The unit of the measurement value is degree. If [Intersect. of two lines] is
selected for [Calculation Mode], "(Line)" is displayed at the right of drop-down lists of [Locator
1~2]. You can select locator tools that output "Line" at the drop-down lists of [Locator 1~2]. The
result of a position calculation tool that is configured to calculate [Intersect. of two lines] is treated
as a "Point", and you can use it as an input to another position calculation tool.

Midpoint of two points
A middle point of two points is calculated from two input points.

Measurement Value

Input Point2 ‘

\\'\ Resu]t POSitiOn . _"___-""
Input Pointl-\_l !
o : y

7/
-~ Result Angle

The result position is the middle point of two points, and the result angle is the direction from the
input point 1 to the input point 2. In addition, the distance between two input points is calculated
as its measurement value. The measurement value is in pixels by default, but in millimeters if its
parent vision process is configured to make millimeter conversion. If [Midpoint of two points] is
selected for [Calculation Mode], "(Point)" is displayed at the right of drop-down lists of [Locator
1~2].  You can select locator tools that output "Point" at the drop-down lists of [Locator 1~2].
The result of a position calculation tool that is configured to calculate [Midpoint of two points] is
treated as a "Point", and you can use it as an input to another position calculation tool.

Center of circle
A center of a circle that passes through three input points is calculated from three input points.
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g “.._| Input Point2
Input Point1 |

/

,/' Result Position \

The result position is the center of the circle, and the result angle is always zero. In addition, the
diameter of the circle that passes through three input points is calculated as its measurement value.
The measurement value is in pixels by default, but in millimeters if its parent vision process is
configured to make millimeter conversion. If [Center of circle] is selected for [Calculation Mode],
"(Point)" is displayed at the right of drop-down lists of [Locator 1~3]. You can select locator tools
that output "Point" at the drop-down lists of [Locator 1~3]. The result of a position calculation tool
that is configured to calculate [Center of circle] is treated as a "Point", and you can use it as an input
to another position calculation tool.

Foot of perpendicular

A foot of perpendicular which drops down from a point to a line is calculated from an input point
and an input line.

Input Point\\ Measurement Value

Input Line

Result Position

The result position is the foot of perpendicular which drops down from the input point to the input
line, and the result angle is the direction from the foot to the input point. In addition, the
perpendicular distance from the input point to the input line is calculated as its measurement value.
The measurement value is in pixels by default, but in millimeters if its parent vision process is
configured to make millimeter conversion. If [Foot of perpendicular] is selected for [Calculation
Mode], "(Point)" is displayed at the right of the drop-down list of [Locator 1], and "(Line)" is
displayed at the right of the drop-down list of [Locator 2]. You can select a locator tool that
outputs a "Point" at the drop-down list of [Locator 1], and a locator tool that outputs a "Line" at the
drop-down list of [Locator 2]. The result of a position calculation tool that is configured to
calculate [Foot of perpendicular] is treated as a "Point", and you can use it as an input to another
position calculation tool.
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Perpendicular line

A line which passes through a point and is perpendicular to a line is calculated from an input point
and an input line.

Measurement Value
Result Position

Input Point”” Input Line

The input point is used as a point on the line. The result angle is the direction from the foot to the
input point. In addition, the perpendicular distance from the input point to the input line is
calculated as its measurement value. The measurement value is in pixels by default, but in
millimeters if its parent vision process is configured to make millimeter conversion. If
[Perpendicular line] is selected for [Calculation Mode], "(Point)" is displayed at the right of the
drop-down list of [Locator 1], and "(Line)" is displayed at the right of the drop-down list of [Locator
2].  You can select a locator tool that output a "Point" at the drop-down list of [Locator 1], and a
locator tool that outputs a "Line" at the drop-down list of [Locator 2]. The result of a position
calculation tool that is configured to calculate [Perpendicular line] is treated as a "Line", and you can
use it as an input to another position calculation tool.

Parallel line
A line that passes through a point and is parallel to a line is calculated from an input point and an
input line.

Result Position

1
) Result Angl
Input Point  RESuit Angie

Input Line

Measurement Value

The input point is used as a point on the line. The result angle is the same direction as the direction
of the input line. In addition, perpendicular distance from the input point to the input lineis
calculated as its measurement value. The measurement value is in pixels by default, but in
millimeters if its parent vision process is configured to make millimeter conversion. If [Parallel
line] is selected for [Calculation Mode], "(Point)" is displayed at the right of the drop-down list of
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[Locator 1], and "(Line)" is displayed at the right of the drop-down list of [Locator 2]. You can
select a locator tool that outputs a "Point" at the drop-down list of [Locator 1], and a locator tool that
outputs a "Line" at the drop-down list of [Locator 2]. The result of a position calculation tool that
is configured to calculate [Parallel line] is treated as a "Line", and you can use it as an input to
another position calculation tool.

Line through two points
A line that passes through two points is calculated from two input points.

\

% Result Position

\

Input Point 1"‘-\.

The middle point of two input points is used as a point on the line. The result angle is the
direction from the input point 1 to the input point 2. In addition, the distance between two points
is calculated as its measurement value. The measurement value is in pixels by default, but in
millimeters if its parent vision process is configured to make millimeter conversion. If [Line
through two points] is selected for [Calculation Mode], "(Point)" is displayed at the right of the
drop-down lists of [Locator 1~2]. You can select locator tools which output "Point" at the
drop-down lists of [Locator 1~2]. The result of a position calculation tool that is configured to
calculate [Line through two points] is treated as a "Line", and you can use it as an input to another
position calculation tool.

Locator 1~3
Select locator tools that output positions to be used as inputs to position calculation tool. Its parent
locator tool or preceding sibling locator tools can be selected. If [center of circle] is selected for
[Calculation Mode], select [Locator 1~3]. If you select the other options for [Calculation Mode], select
[Locator 1~2].
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8.24.2 Running a Test

Run a test to see if the position calculation tool operates properly.

2 10.18.46.32 - iRVision — VPISZ Setup - Microso

i« | ] x| & ] holoxiels

i Evalu
Position Calculation Tool
Status:: Trained

Camera (¥ [ Snap and Find J[Continucus s Find )

Found Results Locator 1 Locator 2 |_Result Pase |__Angle between two lines {deg) |
1 (1948, 2373, -103.3) (276.3, 2341, 73.3) (239.8, 427.0, 51.3) 4.0

Time to Find: 0 ms,

e

Snap and Find button

The tool snaps an image from the camera and attempts to perform the measurement.

Continuous S+F button
The tool repeats the Snap and Find operation.

Find button

The tool only performs the measurement without snapping an image from the camera.

Time to Find
The time the position calculation tool process took is displayed in milliseconds.

Measurement Result Table
The following values are displayed.

Locator 1~3
The input positions and angles to the position calculation tool are displayed. Only when [center of
circle] is selected for [Calculation mode], the column of [Locator 3] is displayed. The positions are
in pixels, and the angle is in degrees.

Result Pose
The calculated position and angle are displayed. The position is in pixels, and the angle is in
degrees.

Measurement Value
The resulting measurement value is displayed. The column header depends on the calculation
mode.
e Intersect. of two lines : Angle
e  Midpoint of two points : Distance
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Center of circle : Diameter

Foot of a perpendicular : Perpendicular Distance
Perpendicular line : Perpendicular Distance
Parallel line : Perpendicular Distance

Line through two points : Distance

Popup alarm at running a test
Depending on the input positions, calculation may fail. If failed at production runtime the position
calculation just does not output results. On the other hand, the reason why the position calculation failed
is displayed when running a test.

Input poses are too near
It is displayed when the distance between two input points or the distance between an input point
and an input line is less than 1 pixel.

Input lines are parallel
It is displayed when [Intersect. of two lines] is selected for [Calculation Mode] and the angle
between two input lines is less than 1 degree.

Relation of input points is inappropriate
It is displayed when [Center of circle] is selected for [Calculation Mode] and one of the interior

angles of three input points is less than 1 degree.

Result pose is out of image
It is displayed when the result position is out of image.

8.24.3 Overridable Parameters

This command tool has no overridable parameters that can be overridden with Vision Override.

8.25  wWINDOW SHIFT TOOL

The window shift tool dynamically shifts a locator tool window or measurement tool window based on
the result of a locator tool or another vision process. For example, when you use an application that
retrieves workpieces from a basket or rack, you may set the tool to shift the search window of the locator
tool based on the position of the basket or rack, thereby preventing objects outside the basket or rack from
being found inadvertently. Place the window shift tool directly below the vision process. The
windows of the locator tools and measurement tools that are at the same level as the window shift tool
and that are inserted below the window shift tool are shifted according to the window shift tool settings.

Vision Tools

| 8 window Shift Toal 1
E‘ GPM Locatar Toal 2

J_E‘ GPM Locatar Toal 1

e Blob Locatar Toal 1

H CEM Locatar Toal 1

If you select the window shift tool in the tree view of the setup page of the vision process, a window like
the one shown below appears.
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A tocalbent - itVizion - WIHDOW_SHIF T Setup - Micrealt Inforned Fxplorar
------------------
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Found Results |

8.25.1 Setting the Parameters

Set the parameters.

Mode

Select the window shift mode from the following:

Locator Tool
A locator tool is placed as a child tool of the window shift tool, which in turn shifts windows based
on the found results of that locator tool. Use this mode when the locator tool can find the basket
and the workpieces in the same field of view..

Other VP Result
The tool shifts windows based on the found results of another vision process that are stored in a
vision register. Use this mode when you want to use different exposure times when finding the
basket then when finding the workpieces in it. A vision process for finding the workpieces and for
the basket needs to be prepared separately. In cases where the position of the basket changes only
when it is replaced, rather than every time a workpiece is found, you can reduce the cycle time by
having the system run the vision process for finding the basket only when the basket is replaced.

The parameters other than [Mode] depend on the mode you select.

8.25.1.1 Shifting windows based on a locator tool's results

When windows are shifted based on the found results of a locator tool, the only parameter to set is the
[Mode], which is set to “locator tool”. Insert a locator tool as a child tool of the window shift tool, and
teach a model pattern of the child locator tool.

-8 windaw Shife Tool 1
El GPM Lacatar Tool 2
El GPM Lacatar Toaol 1

Setting the Reference Position
Once you teach a command tool that is at the same level and below the window shift tool, the child
locator tool of the window shift tool automatically runs. The position found by the child locator tool of
the window shift tool is automatically saved as the reference position for shifting the window of the
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taught command tool. The saved window shift reference position is displayed as follows (shown below
is an example of the GPM locator tool).

Run-Time Mask: Enable [ Edit RT Mask

Parent Taol Ref, Positian: [390.5, 339.5) 0.0 deg.  100.0%

-lDegree of Freedorn  Enabled Mominal Minimum  Masirum

8.25.1.2 Shifting windows based on another vision process' results

When shifting windows based on another vision process' results, make the settings as follows.

Vision Register Number
Specify the number of the vision register that stores the vision process results to be used for shifting
windows. Make sure that the vision processes for finding the basket and the workpieces are calibrated
to the same [Application User Frame].

Change Search Window Size
If [Depalletizing Vision Process] or [Bin-Pick Search Vis. Process] are selected as the vision process that
uses the window shift tool, the size of the search window can be expanded or reduced according to the
height of the workpiece to be found. If one of these vision processes is used, the setting window of the
window shift tool has the following two additional parameters:

Change Search Window Size:
Wark Height: R G0

To expand or reduce the size of the search window, check the [Change Search Window Size] box and
specify the number of the register storing the workpiece height information in [Work Height]. The
window shift tool fetches the value in the register during execution, and changes the size of the search
window according to the value.

L Search window when work height is Z,

L—— Search window when work height is Z,

Setting the Reference Position
Once you teach a command tool that is at the same level and below , the window shift tool automatically
runs. The window shift tool obtains information from the specified vision register and relevant register
and generates position data for window shifting. The position data generated by the window shift tool is
saved as the window shift reference position for the locator tool detecting the model.
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Depalletizing Mision Process
|- Window Shift Taol 1
GPM Locator Tool 1

The saved window shift reference position is displayed as follows (shown below is an example of the
GPM locator tool).

Parent Tool Ref, Position: [390.5, 339.5) 00 deq.  100.0%

Run-Time Mask: Enable [ Edit RT Mask ‘

I'lDegree of Freedom  Enabled HMominal Minimum  Maximum

/N\ CAUTION

1 The window shift tool reads the values that are set in the vision register at the
time of access. If the values stored in the vision register do not match the
actual position of the basket, the tool cannot shift the window properly. Run the
vision process for finding the basket to make sure that the latest information
about the basket position is saved in the vision register.

2 With vision processes that do not use Application User Frame, the “Other VP
Result” mode cannot be used. For example, Single View Inspection Vision
Process is the ones.

8.25.2 Running a Test

The window shift tool setup page does not offer the capability to run a test. To check whether the search

window is shifted properly, run a test using the setup page of a locator tool that is inserted below the
window shift tool.

8.25.3 Overridable Parameters

This command tool has no overridable parameters that can be overridden with Vision Override.

8.26 1-D BARCODE TOOL

The 1-D barcode tool finds 1-D barcode in an image and reads the string contained in the 1-D barcode.
The tool is available only with the reader vision process. If you select the 1-D barcode tool in the tree
view of the setup page for the vision process, a window like the one shown below appears.

TPow | Coew, | doge | Sooen | Swcend Chamen? | S P
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The following 1-D barcode are supported.
e Interleaved 2-of-5

Code 39

NW?7 (Codabar)

EAN (JAN)

UPC

8.26.1 Teaching the search window

Teach the region for searching 1-D barcode.

Teaching the search window
Teach the search window as follows.

Click the ¥ button to change to the live image display.

Place the 1-D barcode near the center of the camera view.

Click the 8 button to snap the image of the 1-D barcode.

Click the [Set Search Win.] button.

Enclose the 1-D barcode within the red rectangle that appears, and click the OK button. The search
window should have blanks on both sides of the barcode with tenfold width of Narrow Bar.

wn AW N =

For detailed information about the operation method, see Subsection 4.12.8, “Setting Window”

o]« | ol ooy a3 e s ]

il G 10 20 o, ‘Camiel be ngard.

0123456789

Comrs [(Easp s Pin Commmoun sor)_mina )
Found = = =T T Y= -
T —— |

Found O [Somnime ] re s | Sww Coomrgs | P Mo By | . R Bpins | P, W By | oo e Bpms |
....... sens " |

8.26.2 Setting the Parameters

Set the barcode parameters.

Status
The setup status of the 1-D barcode tool is displayed.

Barcode Type
The types of barcodes supported by the 1-D barcode tool.  Select one of the followings:
e Interleaved 2-of-5
e Code 39
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e NW7/Codabar
e EAN/UPC
Refer to “8.26.5 Terminologies” for more information.

Num. Scan Lines
The number of scan lines used to read the 1-D barcode. Each scan line goes across the 1-D barcode and
reads the edge transitions and uses the data to decode the 1-D barcode.

Contrast Threshold
The minimum acceptable contrast of boundaries between bars and spaces. The default value is 76.5, and
the minimum threshold to be input is 1. The smaller the value is and the more an obscure barcode is
detected, but it could take more time for the image processing.

Code Subtype
The subtype of EAN barcodes. This can be selected when "Barcode Type" is "EAN/UPC".  Select one
of the followings:

° EAN-13
e UPC
Start Digit

The start digit for EAN barcodes. This can be selected when "Barcode Type" is "EAN / UPC" and
"Code Subtype" is "EAN-13".

Model ID

When you have two or more 1-D barcode tools, you can assign each a unique model ID so that your TP
program can distinguish with which 1-D barcode tool the barcode is decoded.

Score Threshold
The score is the percentage of scan lines that successfully decoded the 1-D barcode. The whole find is
regarded as success when the score exceeds the threshold. The value from 10 to 100 can be set, and the
default is 20. The smaller value could lead to a wrong detection.

Use second chance decode

When a usual 1-D barcode decoding fails, a 1-D barcode decoding using the second chance decode
algorithm is executed if this checkbox is checked. The second chance decode algorithm is effective
when the barcode that appears in the image is small or the 1-D barcode is not perpendicular to the camera
optical axis. The chance of decoding a barcode improves if the "Use second chance decode" checkbox
is checked, but the accuracy of decoding may deteriorate, sometimes resulting in a wrong string output.
Therefore, you have to be careful when enabling the "Use second chance decode" checkbox. "Use
second chance decode" is available when "Barcode Type" is " Interleaved 2-of-5" or "Code 39" or "NW7
/ Codabar™.

Search Window
The window that the 1-D barcode tool searches for the specified barcode.
If you want to change the search window, click the "Set Search Win." button. Set the search window a
few pixels larger than the 1-D barcode for best results.

8.26.3 Running atest

Test to see if the 1-D barcode was properly found.
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Snap and Find button
The tool snaps an image from the camera and attempts to find a 1-D barcode . The found result is
displayed as shown in the figure above.

Continuous S+F button
The tool repeats the Snap and Find operation.

Find button

The tool attempts to find a 1-D barcode without snapping a new image. Use this button when you want to
confirm the effect of the parameter changes with the same image.

Show Almost Found
If the 1-D barcode failed to be found because it fell just short of meeting the score, its test result is
displayed. The result appears in a red rectangle on the image.

Found
If the result is successfully obtained, 1 is displayed. If the tool fails to find the 1-D barcode, 0 is
displayed.

Almost Found
If the "Show Almost Found" checkbox is checked and the 1-D barcode failed to be found because it was
slightly outside the specified range, 1 is displayed. Otherwise 0 is displayed.

Time to Find

The time the decoding process took is displayed in milliseconds. This is the image processing time and
does not include the time it took to snap the image.

Found Result Table 1

The following values are displayed.

Row, Column
The found position of the 1-D barcode (unit: pixel).

Angle
The found angle of the 1-D barcode (unit: degrees).

-315-



8.COMMAND TOOLS B-82774EN/04

Score
The percentage of scan lines that successfully decoded the barcode. If the barcode is decoded by
using the second chance decode algorithm, the score is always 100.

Second Chance?
If the barcode decoded by using the second chance decode algorithm, "YES" is displayed. "NO" is
displayed in the following cases.
e "Use second chance decode" checkbox is not checked.
e "Barcode Type" is "EAN / UPC".
e The second chance decode algorithm was not used when decoding the barcode.
o The decoding failed.

String Result
The decoded string.

Num. Unknown Chars
The number of unknown characters in the decoded string.

Found Result Table 2

The following values are displayed.

Scan Line
The index of the scan line.

Line Status
Scan status of the scan line. "OK" is displayed when the scan line successfully decoded the
barcode. "NG" is displayed when the scan line failed decoding.

Zero Crossings
The number of the boundaries between bars and spaces.

Num Narrow bars

The number of found Narrow Bars on the scan line. This column is displayed only when "Barcode
Type" is " Interleaved 2-0f-5" or "Code 39" or "NW7 / Codabar".

Num Narrow Spaces

The number of found Narrow Spaces on the scan line. This column is displayed only when
"Barcode Type" is " Interleaved 2-of-5" or "Code 39" or "NW7 / Codabar".

Num Wide bars
The number of found Wide Bars on the scan line. This column is displayed only when "Barcode
Type" is " Interleaved 2-0f-5" or "Code 39" or "NW7 / Codabar".

Num Wide Spaces

The number of found Wide Spaces on the scan line. This column is displayed only when "Barcode
Type" is "Interleaved 2-of-5" or "Code 39" or "NW7 / Codabar".

Num bars

The number of found bars on the scan line. This column is displayed only when "Barcode Type" is
"EAN / UPC".

Num Spaces
The number of found spaces on the scan line. This column is displayed only when "Barcode Type"
is "EAN / UPC".
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8.26.4 Overridable Parameters

This command tool has no overridable parameters that can be overridden with Vision Override.

8.26.5 Terminologies

This section explains some terminologies for 1-D barcode tool.

Interleaved 2-of-5
Interleaved 2-of-5 is mainly used on the distribution industry. The following figure shows an example
of Interleaved 2-of-5.

0123456789

Interleaved 2-of-5 is made up of black lines that have two kinds of width and blanks that have two kinds
of width. A heavier black line is referred to as Wide Bar, a finer black line is referred to as Narrow Bar,
a heavier blank will be referred to as Wide Space, and a finer blank is referred to as Narrow Space in this
manual. Interleaved 2-of-5 can encode an even-figure number.

Code 39

Code 39 is mainly used on the automobile and electronics industry. The following figure shows an

example of Code 39.

CODE39

Code 39 is made up of Wide Bar, Narrow Bar, Wide Space, and Narrow Space the same as Interleaved
2-0of-5. Code 39 can encode a string that consists of single byte characters such as alphabets, numerals,
and some symbols.

NW7 (Codabar)

NW7, which is also known as Codabar in the North American market, is mainly used tags for delivery
service. The following figure shows an example of NW7.

012345

NW7 is made up of Wide Bar, Narrow Bar, Wide Space, and Narrow Space the same as Interleaved
2-0f-5. NW7 can encode a string that consists of single byte characters such as alphabets, numerals, and
some symbols.

-317 -



8.COMMAND TOOLS B-82774EN/04

EAN
EAN is used world wide for various consumer products. The following figure shows an example of
EAN.

0123456 " 789012

EAN is made up of black lines that have four kinds of width and blanks that have four kinds of width. A
black line is referred to as Bar, a blank is referred to as Space in this manual. There are several
variations of EAN, but iRVision supports only EAN-13. EAN-8 is not supported. EAN can encode a
13-digit number. JAN is compatible to EAN, and iRVision can decode JAN too. If you want to
decode JAN, select "EAN / UPC" for "Barcode Type".

upPC

UPC is used for marking products in the North American markets. The following figure shows an
example of UPC.

0%12345 " 67890"5

UPC is made up of bars and spaces the same as EAN. There are several variations of UPC, but iRVision
supports only UPC-A. UPC-E is not supported. UPC can encode a 12-digit number.

8.27 2-DBARCODE TOOL

The 2-D barcode tool finds 2-D barcode in an image and reads the string contained in the 2-D barcode.
The tool is available only with the reader vision process. If you select the 2-D barcode tool in the tree
view of the setup page for the vision process, a window like the one shown below appears.

Thow T [ [ows [Cow oo [Colben [l | Syt

ETE ETE

The following 2-D barcode are supported.
e  Data Matrix Code
e QRCode
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8.27.1 Teaching the search window

Teach the region for searching 2-D barcode.

Teaching the search window
Teach the search window as follows.

Click the ¥ button to change to the live image display.

Place a 2-D barcode near the center of the camera view.

Click the 8 button to snap the image of the 2-D barcode.

Click the [Set Search Win.] button.

Enclose the 2-D barcode within the red rectangle that appears, and click the OK button. Data
Matrix Code requires at least a 1 cell wide white blank around the entire barcode, and QR Code
requires a 2 cell wide white blank around the entire barcode.

DN AW =

For detailed information about the operation method, see Subsection 4.12.8, “Setting Window”

Found Results | (s oo [im [Sow [omw  [5o0  [Cwisms  [iw | Swog memt |

[ Lo s |

8.27.2 Setting the Parameters

Set the barcode parameters.

Status
The setup status of the 2-D barcode tool is displayed.

Model ID
Specify the model ID of the found 2-D barcode.

Search Window
Specify the area of the image to be searched.
If you want to change the search window, click the "Set Search Win." button.

Barcode Type
The types of 2-D barcodes supported by the 2-D barcode tool. Select one of the following:
e  Data Matrix Code
e QR Code
Refer to “8.27.5 Terminologies” for more information.
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Threshold Mode

The threshold value to binarize the image. This can be selected when "Barcode Type" is “Data Matrix
Code”. Select one of the followings:

Fixed
The binary threshold is set to the specified threshold set in “Threshold Value”.

Auto
The binary threshold is automatically adjusted according to the brightness of the image.

Threshold Value

Set the threshold by entering a value or by clicking the —, —, +, and ++ buttons.
This can be selected when "Barcode Type" is “Data Matrix Code”.

Contrast Threshold
Set the contrast threshold by entering the value or by clicking the —, —, +, and ++ buttons. This can be
selected when "Barcode Type" is “QR Code”.

Image Display mode
Select the image display mode for the Setup Page.

Original Image
Display the camera image as it is.

Processed Image
Display the image resulting from the image processing.

Binary Image
Display the processed image in binary using the current threshold. This can select when “Barcode
Type” is “Data Matrix Code”.

Image + Edge
Display the processed image with the edges found above the current contrast threshold plotted in
green. This can be selected when "Barcode Type" is “QR Code”.

Image Preprocessing Filter
Select the filter to be applied to the image from the options listed below.

None
Do not perform Image processing filter.

Blur
Enable this filter to eliminate fine surface texture or image noise that may make it difficult to read
the 2-D barcode.

Median
Enable this filter to eliminate fine surface texture or image noise that may make it difficult to read
the 2-D barcode, but without blurring the edges. This filter is very slow if the "Filter Iterations"
value is greater than 2.

Sharpening
Enable this filter to enhance the contrast of the edges to make it easier to read the 2-D barcode.,
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Morphology
Enable this filter to perform morphology operations on the image to enable it to read the 2-D
barcode. The operation is selected on the drop down list of "Morphology Operator".

Morphology Operator

Select the filter to be applied to the binarized image from the options listed below.

Erode
Erodes the black area. Helps reduce the black pixel noise.

Dilate
Dilates the black area. Helps reduce the white pixel noise.

Open
Erodes the black area and then dilates it. This will connect white blobs that are close to touching or
disconnect black blobs that are slightly touching,

Close
Dilates the white area then erodes it. This will connect black blobs that are close to touching or
disconnect white blobs that are slightly touching.

Filter Iteration
The number of iterations to perform on the selected filter.

Grayscale Histogram

It displays the grayscale histogram when "Barcode Type" is “Data Matrix Code”. It also displays a
vertical green line to indicate the binary threshold.

8.27.3 Running a test

Test to see if the barcode was properly found.

Snap and Find button
The tool snaps an image from the camera and attempts to find a 2-D barcode. The found result is
displayed as shown in the figure above.
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Continuous S+F button
The tool repeats the Snap and Find operation.

Find button

The tool attempts to find a 2-D barcode without snapping a new image. Use this button when you want to
confirm the effect of the parameter changes with the same image.

Found
If the result is successfully obtained, 1 is displayed. If the tool fails to find the 2-D barcode, 0 is
displayed.

Almost Found
If the 2-D barcode is located but not decoded correctly, 1 is displayed. Otherwise 0 is displayed.

Image Process Time
The time it took to perform the image processing.

Total Time to Find

The total time it took to read the 2-D barcode, not including the time it took to snap the image.

Found Result Table

The following values are displayed in black if the number found is 1 and in red if the number almost
found is 1. The following values are displayed.

Row, Column
The found position of the found code in the image in pixels. It is the coordinates of the pixel at the
"L" corner of the Data Matrix code when "Barcode Type" is Data Matrix Code. It is the
coordinates of the pixel at the center of top-left Position Detection Pattern when "Barcode Type" is
“QR Code”.

Angle
The found angle of the barcode in degrees.

Score
The relative number of bit errors that were corrected when reading the code. 100% indicates that
there were no bit errors. A value of 80% indicates that some number of bit values were corrected
equal to about 20% of the error-correcting capacity of this particular 2-D barcode. The
error-correcting capacity varies from 14% to 28% for Data Matrix Code and from 7% to 30% for QR
Code. If the score reaches 0%, the code cannot be read.

Contr
The average contrast between dark cells and light cells.

Size
The size of the found 2-D barcode in terms of the number of cells of width and height.

Cell Size
The average width and height of the individual cells in pixels. If this value is below about 2.5, the
code may be found less reliably.

Len
The length of the decoded string.
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String Result
The first 255 characters of the decoded string.

8.27.4 Overridable Parameters

This command tool has no overridable parameters that can be overridden with Vision Override.

8.27.5 Terminologies

This section explains terminologies of 2-D barcode tool.

Data Matrix Code
Data Matrix Code is the 2-D barcode which is also called Data Code or Data Matrix. Data Matrix Code
is used in the production of LCD, semiconductor wafer and so on. Data Matrix Code is capable of
encoding up to 3116 digits, 2335 alphanumeric characters, or 1555 bytes. The 2-D barcode tool only
sends the first 254 characters of the string to a string register. The following figure shows an example of
Data Matrix Code.

Data Matrix Code is made up of Alignment Pattern, Timing Cell and Data Region. Each square that
makes up Data Region is referred to as Cell.

IIIIIIII.

'y

Alignment Pattern Timing Cell Data Region

There are two types of Data Matrix Code: ECC 200 and the older ECC 000-140. The 2-D barcode tool
only decodes ECC 200.

The 2-D barcode tool does not support the following encoding methods:
e EDIFACT
e ANSIXI12

The 2-D barcode tool requires that the cell width and height be at least 2.5 pixels in order to decode
reliably. The specification of Data Matrix Code requires a 1 cell wide white border around the entire
code. The following table shows how big various sizes of Data Matrix Code have to be relative to the
512x480 iR Vision image to be found reliably.

For example, the 36x16 Data Matrix Code shown in the example image would require minimum pixel
dimensions of 95x45 to be found reliably.
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Data Matrix Code size The Maximum The minimum size of Data Matrix Code
(unit: the number of cell) number of (unit: pixel)
characters
Row Col Width Height
10 10 6 30 30
12 12 10 35 35
14 14 16 40 40
16 16 24 45 45
18 18 36 50 50
20 20 44 55 55
22 22 60 60 60
24 24 72 65 65
26 26 88 70 70
32 32 124 85 85
36 36 172 95 95
40 40 228 105 105
44 44 288 115 115
48 48 348 125 125
52 52 408 135 135
64 64 560 165 165
72 72 736 185 185
80 80 912 205 205
88 88 1152 225 225
96 96 1392 245 245
104 104 1632 265 265
120 120 2100 305 305
132 132 2608 335 335
144 144 3116 365 365
18 8 10 50 25
32 8 20 85 25
26 12 32 70 35
36 12 44 95 35
36 16 64 95 45
48 16 98 125 45

QR Code
QR Code is used on automobile parts, stationary and so on. QR Code is capable of encoding up to 7089
digits, 4296 alphanumeric characters, 2953 bytes of characters, or 1817 Kanji characters. The 2-D
barcode tool only sends the first 254 characters of the string to a string register. The following figure

shows an example of QR Code.
L
u

[=]%.
QR Code is made up of Position Detection Pattern, Alignment Pattern, Timing Pattern and Data Region.
Each square that makes up Data Region is referred to as Cell.
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Position Detection Pattern  Alignment Pattern Timing Pattern Data Region

There are several types of QR Code: QR Code Model 1, QR Code Model 2, Micro QR Code, and so on.
The 2-D barcode tool supports QR Code Model 2 and Micro QR Code.

The 2-D barcode tool requires that the cell width and height be at least 2.5 pixels in order to decode
reliably. The specification of QR Code requires a 2 cell wide white border around the entire code. The
following table shows how big various sizes of QR Code have to be relative to the 512x480 iRVision
image to be found reliably.

For example, the 29x29 QR Code shown in the example image would require minimum pixel dimensions
of 83x83 to be found reliably.

Data Matrix Code size The version of QR The minimum size of Data Matrix Code

(unit: the number of cell) code (unit: pixel)

(M*is micro QR code)

Row Col Row Col
11 11 M1 38 38
13 13 M2 43 43
15 15 M3 48 48
17 17 M4 53 53
21 21 1 63 63
25 25 2 73 73
29 29 3 83 83
33 33 4 93 93
37 37 5 103 103
41 41 6 113 113
45 45 7 123 123
49 49 8 133 133
53 53 9 143 143
57 57 10 153 153
61 61 11 163 163
65 65 12 173 173
69 69 13 183 183
73 73 14 193 193
77 77 15 203 203
81 81 16 213 213
85 85 17 223 223
89 89 18 233 233
93 93 19 243 243
97 97 20 253 253
101 101 21 263 263
105 105 22 273 273
109 109 23 283 283
113 113 24 293 293
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Data Matrix Code size The version of QR The minimum size of Data Matrix Code

(unit: the number of cell) code (unit: pixel)
(M*is micro QR code)

Row Col Row Col
117 117 25 303 303
121 121 26 313 313
125 125 27 323 323
129 129 28 333 333
133 133 29 343 343
137 137 30 353 353
141 141 31 363 363
145 145 32 373 373
149 149 33 383 383
153 153 34 393 393
157 157 35 403 403
161 161 36 413 413
165 165 37 423 423
169 169 38 433 433
173 173 39 443 443
177 177 40 453 453

8.28

STRING OUTPUT TOOL

The String Output Tool can be utilized to output a string from a barcode tool to the vision register where
is can be extracted and used in the teach pendant program. Only one string can be stored per vision
register. If multiple string output tools successfully run in a vision process then only the last string will

be available in the vision register.
for the vision process, a page like the one shown below appears.
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8.28.1 Setting the Parameters

If you select the string output tool in the tree view of the setup page

Value

A Barcode tools and their strings are the only choices to select.
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8.28.2 Running a Test

Test to see if the tool can output a string value properly.

100% Vision Tooks

L= TR YR s == | L

=

String Cutput Tool
Traiued

Srana:

Watun | 190 Dascods Toel 1 % | Barceds Smng ¥

Camars [ & Find |[Comineus ek ) Find

[ sare [ ctars J[ etz

Snap and Find button

The tool snaps an image from the camera and attempts to find a workpiece.

Continuous S+F button
The tool repeats the Snap and Find operation.

Find button

The tool only attempts to perform the measurement without snapping an image.

Found
The number of found workpieces is displayed.

Time to Find

The time the location process took is displayed in milliseconds. This is the image processing time and
does not include the time it took to snap the image.

8.28.3 Overridable Parameters

This command tool has no overridable parameters that can be overridden with Vision Override.
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8.29 EDGE POINTS LOCATOR TOOL

This locator tool extracts all the points on the outline of a workpiece.

(= http://190.5.90.92/ - 190.5.90.92 — iRVision — EDGE Setup — Windows Internet Explorer

T00%)
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Edge Points Locator Tool
Status: Not Trained
Starting Model ID: 1

Minimum Contrast:

E HOEE
Maximum Gap to Trace: 1 E]
=

Min, Edge Chain Length:

Search Window: [Sar
Run-Time Mask: Enable

Parent Tool Ref, Position:  (*3%%, =%3%)  #s#sc  s=ax %

[ Snap and Find J[Cantinuous sF( Find |

Found Results [Row [ cowmn [ angle [ Gonwrass [ Mogslio |

Disply Hase:

Found Paints: 0
Found Chains: 0

Time to Find: 0ms

8.29.1 Adjusting the Parameters

Adjust the parameters.

Status

If the search window has been set, [Trained] is displayed in green. If not, [Not Trained] is displayed in

red.

Starting Model ID
Specify the head of the model IDs that are assigned to found chains in order..

Minimum Contrast

Specify the minimum permissible grayscale contrast for the search. If you set a small value, this locator
tool will be able to find the chains in obscure images as well but take longer to complete the location

process.
contrast, try setting a larger value.
value are ignored.

Maximum Gap to Trace

If this locator tool tends to inadequately find blemishes and other unwanted edges with low
Those image features whose contrast is lower than the specified

Specify the maximum permissible size of gaps to fill when tracing a chain, in pixels. If the size of the
gap between two chains is smaller than the specified value before filtering, this locator tool connects the
chains by filtering. When chains get disconnected because of blemishes, this locator tool can connect

the chains smoothly by making the specified value larger.
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Maximum Gap to Trace: 1 Maximum Gap to Trace:2

Min. Edge Chain Length
Specify the minimum permissible length required for chains to be found, in pixels. If the length of a
chain is shorter than the specified value, the chain is ignored.

Search Window
Specify the area of the image to be searched. The smaller the area is, the faster the location process will
be. To change the search window, click the [Set Search Win.] button. When a rectangle appears on the
image, adjust its size and location.
If this locator tool is a child tool of another location tool, the search window will automatically move and
rotate in accordance with the found result from the parent tool.

Run-Time Mask
Specify an area of the search window that you do not want processed, as an arbitrary geometry. Use this
function when you want to specify a search window of an arbitrary geometry, such as a circle- or
donut-shaped window. The filled area will be masked in the rectangle specified as the search window
and will not be subject to the image processing. To change the run-time mask, click the [Edit RT Mask]
button.

8.29.2 Running a test

Test to see how properly the tool can find chains and extract points.

£7 httped /100 600 027 - 190 6 90 82 - iRVision - FDGF Setup - Windows Internet Frplorer

e - | sl ) 43 ]

- [ 5evs ) Close || wete |
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Snap and Find button

The locator tool snaps an image from the camera and finds chains and extracts points.

Continuous S+F button
The locator tool repeats the Snap and Find operation.

Find button

The locator tool only attempts to find chains and to extract points without snapping a new image. Use
this button when you want to confirm the effect of the parameter changes on the same image.

Display Mode

Choose whether to display points or chains.

Points
Extracted points are displayed.

Chains
Found chains are displayed.

Found Points
The total number of points extracted from found chains is displayed. These points are returned to the
vision process.

Found Chains
The number of found chains is displayed.

Time to Find
The time the location process took is displayed in milliseconds. This is the image processing time and
does not include the time it took to snap the image.

Found Result Table (When Display Mode is Points)

The following values are displayed.

Row, Column
The coordinate values of the extracted point (unit: pixels).

Angle
The orientation of the edge gradient vector at the extracted point (unit: degrees). The vector points
from the bright side to the dark side.

Contrast
The grayscale magnitude of the edge contrast at the extracted point.

Model ID
The Model ID assigned to the found chain that contains the extracted point.

Found Result Table (When Display Mode is Chains)

The following values are displayed.

Length
The number of points extracted from the found chain (unit: pixel).

-330-



B-82774EN/04 8.COMMAND TOOLS

Avg. Contr.
The average grayscale contrast of the points extracted from the found chain.

Model ID
The Model ID assigned to the found chain.

8.29.3 Overridable Parameters

This command tool has no overridable parameters that can be overridden with Vision Override.

8.30 SELECTED EDGE POINTS LOCATOR TOOL

This locator tool extracts the selected points on the outline of a workpiece by filtering.
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8.30.1 Adjusting the Parameters

Adjust the parameters.

Status

If the search window has been set, [Trained] is displayed in green. If not, [Not Trained] is displayed in
red.

Starting Model ID
Specify the head of the model IDs that are assigned to found chains in order.

Minimum Contrast
Specify the minimum permissible grayscale contrast for the search. If you set a small value, this locator
tool will be able to find the chains in obscure images as well but take longer to complete the location
process. If this locator tool tends to inadequately find blemishes and other unwanted edges with low
contrast, try setting a larger value. Those image features whose contrast is lower than the specified
value are ignored.
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Maximum Gap to Trace
Specify the maximum permissible size of gaps to fill when tracing a chain, in pixels. If the size of the
gap between two chains is smaller than the specified value before filtering, this locator tool connects the
chains by filtering. When chains get disconnected because of blemishes, this locator tool can connect

the chains smoothly by making the specified value larger.

1
-~
- II
fu
Maximum Gap to Trace: 1 Maximum Gap to Trace:2

Min. Edge Chain Length

Specify the minimum permissible length required for chains to be found, in pixels. If the length of a
chain is shorter than the specified value, the chain is ignored.

Closed Loops Only
If checked, only find chains that form closed loops.

Maximum Meandering
Specify the maximum allowed meandering in degrees. A meandering is the amount that a chain changes
direction. If the meandering of a chain is larger than the specified value, the chain is ignored. For
example, an “S” shape will have a meandering value of about 360 degrees, since it turns 180 degrees to
the left and then 180 degrees to the right. The more meandering and longer a chain is, the larger this
value is.  On the other hand, a perfect straight line will have a meandering value of 0 since it does not

change direction.

Maximum Meandering: 9000 Maximum Meandering: 90
Found Chains: 42 Found Chains: 22

Point Selection Method

Choose the method used to select points from found chains.

Deviation from a Straight Line
Each chain is approximated by a polygonal line whose vertices are on the chain. And the vertices
are selected points. The polygonal line is chosen so that the maximum of distances from each
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straight segment of the polygonal line to the farthest point on the chain’s curved segment
corresponding to the straight segment is less than the value specified for “Max. Deviation From a
Line”. This results in fewer points along straighter sections of the chain and more points along

sharply curved sections.

Equal Length Segments
The points in each chain are sampled at an interval specified as the value of “Point Sample Interval”.

Max. Deviation From a Line
Specify the permissible maximum of distances from each straight segment of polygonal lines to the
farthest point on chains’ curved segment corresponding to the straight segment when “Deviation from a
Straight Line” is selected as “Point Selection Method”. It is specified in pixels. Specify 0.0 to select

every point on the chains.

Max. Deviation From a Line: 2.0 Max. Deviation From a Line: 10.0
Found Points: 35/1682 Found Points: 17/1682

Point Sample Interval
Specify the interval for selecting points from chains when “Equal Length Segments” is selected “Point

Selection Method”. 1t is specified in pixels. Specify 1 to select every point on the chains.

Point Sample Interval: 30 Point Sample Interval: 50
Found Points: 61/1682 Found Points: 38/1682

Search Window
Specify the area of the image to be searched. The smaller the area is, the faster the location process will

be. To change the search window, click the [Set Search Win.] button. When a rectangle appears on the
image, adjust its size and location. If this locator tool is a child tool of another location tool, the search
window will automatically move and rotate in accordance with the found result from the parent tool.
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Run-Time Mask
Specify an area of the search window that you do not want processed, as an arbitrary geometry. Use this
function when you want to specify a search window of an arbitrary geometry, such as a circle- or
donut-shaped window. The filled area will be masked in the rectangle specified as the search window
and will not be subject to the image processing. To change the run-time mask, click the [Edit RT Mask]
button.

Result Plotting Mode
This setting controls how found chains and selected edge points are plotted when the found results pane is
in points display mode. Select one of the following plotting modes.

Plot Edge Points Only
The found chains are plotted in blue and the selected points are plotted in green.

Plot Direction Vectors
The found chains are plotted in blue. The selected points are plotted in green. The direction vectors s
are plotted in yellow. Each direction vector corresponds to a selected point and points from the
selected point towards the dark side of the edge at that point.

Plot Labels
The found chains are plotted in blue. The selected points and their index numbers are plotted in
green. The index numbers are also displayed in the Found Result Table. Some of the index
numbers are not plotted if the selected points are too close together.

’— Index number
Py | R | Cohsmin | Angle | Contrast Model ID
/ 1 IT0E 1380 EX ) i
] 3756 3230 14 171 i
3 746 3510 134 133 1
4 87T 3757 225 108 i
g 80,7 IED7 02 a1 i
£ 3537 3557 255 74 i
7 3366 414.5 534 & i
] 38T 426,7 70,3 54 i
\9 910 4345 7ED 120 1

Plot Vectors and Labels
The found chains are plotted in blue. The selected points and their index numbers are plotted in
green. The direction vectors corresponding to the selected points are plotted in yellow, in green.

8.30.2 Running atest

Test to see how properly the tool can find chains and select points.

-334-



B-82774EN/04 8.COMMAND TOOLS

£ http/ F100.6.00,02/ = 1906 90 97 - iRVizion = ENGE Setup - Windows Internet Frplorer

b | |l of el ] ] dad ||

P -olecrad idga na. Loc. Taal 1

N 5 6 3 )
T Og
#00 pin. FEEES

BgeEE
HERRERCE

Fl
a

- [_sews [ Closn [ _Hete |

Snap and Find button

The locator tool snaps an image from the camera and finds chains and selects points.

Continuous S+F button
The locator tool repeats the Snap and Find operation.

Find button

The locator tool only attempts to find chains and to select points without snapping a new image. Use
this button when you want to confirm the effect of the parameter changes on the same image.

Display Mode

Choose whether to display points or chains.

Points
Selected points are displayed.

Chains
Found chains are displayed.

Found Points

The total number of the points selected from found chains is displayed. These points are returned to the
vision process.

Found Chains
The number of found chains is displayed.

Total Points
The total number of all the points extracted (but not selected) from found chains.

Time to Find

The time the location process took is displayed in milliseconds. This is the image processing time and
does not include the time it took to snap the image.
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Found Result Table (When Display Mode is Points)

The following values are displayed.

Row, Column
The coordinate values of the selected point (unit: pixels).

Angle
The orientation of the edge gradient vector at the selected point (unit: degrees). The vector points
from the bright side to the dark side.

Contrast
The grayscale magnitude of the edge contrast at the selected point.

Model ID
The Model ID assigned to the found chain that contains the selected point.

Found Result Table (When Display Mode is Chains)

The following values are displayed.

Length
The number of points extracted from the found chain (unit: pixel).

Avg. Contr.
The average grayscale contrast of the points extracted from the found chain.

Closed
Whether the chain is a closed loop or not. If the chain is a closed loop, [Yes] is displayed. If the
chain is not a closed loop, [No] is displayed.

Meandering
The meandering value of the edge chain.

Model ID
The Model ID assigned to the found chain.

8.30.3 Overridable Parameters

This command tool has no overridable parameters that can be overridden with Vision Override.

8.31 SEARCH AREA RESTRICTION TOOL

The search area restriction tool enables a search vision process for bin picking to process only small
limited areas of the input image where states of plies of workpieces have just been changed. By
processing only the small areas, the processing time can be reduced. The search area restriction tool is
used with the workpiece management function that is included in the iR Vision Bin Picking option.
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/ | Collision at pick

=)

Next search

| Pick success |

Set the search area where parts situation is changed.

If you select the search area restriction tool in the tree view of the setup page of the vision process, a
window like the one shown below appears.
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- e Search lnu_lﬁsln:m Tool
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8.31.1 Setting the Parameters

Set the parameters.

Reg. Num. To Enable R.Mask

Specify the index number of the register you want to use to change the following two modes.

Mode A
The vision process finds workpieces in the small search areas where the situations of piles of
workpieces have just been changed in the last cycle.

Mode B
The vision process finds workpieces in a fixed wide search window on the image that corresponds to
the bin area.
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To change the above two modes, the value of the register specified in [Reg. Num. To Enable R.Mask]
must be changed. If the specified register is set to 1, Mode A is selected.  If the specified register is
set to a value other than 1, Mode B is selected.

R[10] =1 R[10] <>1

R[10]

Search window Y Search window v

Limited small search area

Mode A Mode B

Enable Restriction
The checkbox is checked when the value of the register specified in the [Reg. Num. To Enabled R.Mask]
is 1 and is unchecked when the value is other than 1. When you check the checkbox on the setup page,
the specified register is set to 1. And when you uncheck the checkbox on the setup page, the specified
register is set to 0. This function is useful when you change mode between the above two and run a test.

Work List ID
Specity a work list ID to use.

Search Window
Specify the range of the area of the image to be searched. The default value is the entire image. To
change the search window, click the [Set Search Win.] button. When a rectangle appears on the image,
change the search window. For detailed information about the operation method, see Subsection 4.12.8,
“Window Setup”.

Run-Time Mask
Specify an area of the search window that you do not want processed, as an arbitrary geometry. Use this
function when you want to specify a search window of an arbitrary geometry, such as a circle or
donut-shaped window. The filled area will be masked in the rectangle specified as the search window
and will not be subject to the image processing. To change the run-time mask, click the [Edit RT Mask]
button. For detailed information about the operation method, see Subsection 4.12.9, “Editing Masks”.

Diameter of Search Area
Specify the size of limited search area set at a poison where states of piles of workpieces have been
changed.

8.31.2 sSetting a position where state of plies of workpieces has
been changed

To set a position where the states of piles of workpieces have been changed, execute IVSETSTAT or
IVMLSETSTAT with the following statuses for the popped workpiece data. Then, the found position of
the workpiece data is set as that position. For the above KAREL programs, please refer to “BIN
PICKING START-UP GUIDANCE”.
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PICK SUCCESS (Value: 40)
COLLISION AT TRIAL (Value: 23)
COLLISION AT FINE (Value: 33)
PICK FAIL (Value: 41)
COLLISION AT PICK (Value: 43)

8.31.3 Running a Test

Test to see if the tool can find workpieces properly.

[ e Vision Tools
iRl | ) x|eieda) fx e L : BT
bRk Saarh Vs Preess
Search Area Restriction Tool
Easble snaahs [ 30 o=
[
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o e [FanBerin wind
matia [
e (e
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H w3 w1 T R w1 o s
e 18 Find o
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Snap and Find button

The tool snaps an image from the camera and attempts to find a workpiece.

Continuous S+F button
The tool repeats the Snap and Find operation.

Find button

The tool only attempts to perform the measurement without snapping an image.

Found
The number of found workpieces is displayed.

Time to Find

The time the location process took is displayed in milliseconds. This is the image processing time and
does not include the time it took to snap the image.

Found Results table

The items displayed differ depending on the tools set as child tools of the search area restriction tool.
For the explanation of each measured value, see the pages describing the set child tools.

8.31.4 oOverridable Parameters

This command tool has no overridable parameters that can be overridden with Vision Override.
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9 APPLICATION DATA

This chapter describes how to set application data.

0.1 VISION OVERRIDE

Vision override is a function that allows you to change a vision process property from a robot program on
a temporary basis. By using the vision override function, for example, you can retry a vision process with
an exposure time that is different from that originally taught in that vision process.

Each vision override needs to be associated in advance with a specific property of a vision process. For
example, when you create a vision override called "EXPO1", you may associate "EXPO1" with the
property "Exposure Time" for the vision tool "Camera View 1" of the vision process "FIND1". This is
tantamount to assigning a short alias "EXPO1" to the "Exposure Time of Camera View 1 of FIND1".
Defining a vision override enables you to temporarily change the associated property from a robot
program by using the VISION OVERRIDE instruction. For information about the VISION OVERRIDE
instruction, see Subsection 10.2.2, "Vision Execution Commands".

When the window for vision override is opened, the following screen is displayed.

<3 localhost - iRVision - EXPO1 Setup - Microsoft Internet Exp... E@@
EXPO1 - Vision Override

Status: Trained
Comment: Vision Owerride
Vision Process: FIMD1 h

Wizion Toal: Carnera View 1 W

FProperty:

[ Save ][ Cloze ][ Help

Associate the vision override with a specific vision process property.

Status

If the vision override is set up properly, [Trained] is displayed in green. If there is any item yet to be set,
[Not Trained] is displayed in red.

Comment

A comment added to vision data. Up to 30 one-byte characters or up to 15 two-byte characters can be
entered as a comment.

Vision Process
Select a vision process to be associated.

Vision Tool
Select the name of the vision tool to be associated (a name displayed in the tree view of the vision process
setup page).
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Property
Select a property to be associated.

9.2 OFFSET LIMIT

Offset limit is a function that checks whether the offset found by a vision process is within a specified
range. If the check finds the offset is within the range, the tool does nothing. If the offset is found to be
outside the range, the tool takes a specified action. The offset limit setup screen lets you define the
conditions to be checked and the action to be taken if the offset is found to be outside the range. To
actually perform the offset limit check, select which offset limit tool to use in the vision process setup
page. The offset limit check is performed when the robot program executes the GET_OFFSET instruction.
When the window for offset limit is opened, the following screen is displayed.

4 localhost - iRVision - LIMITCHECK Setup - Microsoft Interne... [= |[B][X]
L

Limit Check Settings
Status: Mot Trained
Camment: Limit Check Taol
Checking Method: Relative check ws, reference position hd
Parameter Enable Min Check Yalue Max Check Walue
b F mm mm
Y F mm mm
z D mm i
W F deg deg
p D deg deg
R D deg deg

b

4 >

Status
If the offset limit tool is set up properly, [Trained] is displayed in green. If there is any item yet to be set,
[Not Trained] is displayed in red.

Comment
A comment added to vision data. Up to 30 one-byte characters or up to 15 two-byte characters can be
entered as a comment.

Checking Method
Select the offset limit checking method from the following:

Relative check vs. reference position
A check is made to see whether the found position is within a range specified by relative positions
from the reference position.

Absolute check in the application user frame

A check is made to see whether the found position is within a range specified by coordinates of the
application user frame.
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Parameter
Specify which element (X, Y, Z, W, P, or R) of the found position is to be checked, as well as the
allowable range. Check the check box of the element to be checked, and enter the allowable minimum
and maximum values. If [Relative check vs. reference position] is selected for [Checking Method], enter
the difference from the reference position. If [Absolute check in the application user frame] is selected for
[Checking Method], enter the coordinates of the application user frame.

Action on failed check
The offset limit check is performed when the GET_OFFSET instruction is executed. Here, select the
action to be taken if the offset limit check fails, from the following:

Cause the GET_OFFSET instruction to fail
If the offset limit check fails, the robot program jumps to the label specified by the GET_OFFSET
instruction; that is, the robot program behaves in the same way as when the offset fails to be found.

Skip the failed offset and evaluate the next offset
If the offset limit check fails, the GET_OFFSET instruction skips this found result and attempts to
obtain the next one. In this case, the number of found results that the robot program can obtain
decreases by one.

Raise robot alarm and pause program execution

If the offset limit check fails, the robot program pauses on the line of the GET_OFFSET instruction.
This stops the production operation and should not be specified under normal circumstances.

9.3 VISUAL TRACKING ENVIRONMENT

/A\ CAUTION
Visual tracking environment data is not used with a controller of the 7.40 series
or later. Read this chapter only when using a controller of the 7.30 series or
earlier.

When the window for visual tracking environment data is opened, the following screen is displayed:

3 AP Setup - Microsoft Internet Explorer
AP - Visual Tracking Environment

Commen 't Wizual Tracking Enviranmen it
ueue number 1|
Tirning of Snap: Conveyer Distance %

Conveyer Distance: 1000 | rmrm

[ Tracking Frame Setup Wizard ]
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On the left side of the window, a list of a conveyor and robots that perform tracking for the conveyor is
displayed. When the conveyor or a robot in the list on the left side is clicked, the Setup Window for the
selected item is displayed on the right side.

Adding arobot
1. Click the | button.
2. Alist of robots is displayed. From the list, select a robot to be added, then click [OK].

Deleting a robot
1. Click the I button.

Changing the order of arobot
1. To move arobot upstream, click the | button.
2. To move a robot downstream, click the “#| button.

TIP

Place robots along the conveyor from the upstream side to downstream side in
the order of arrangement in the list.

9.3.1 Setting a Conveyor

When a conveyor is clicked in the list on the left side of the window, items for setting up the selected
conveyor are displayed on the right side.

3 AP Setup - Microsoft Internet Explorer EJEJE]
AP - Visual Tracking Environment

Commen 't Wizual Tracking Enviranmen it
ueue number 1|
Tirning of Snap: Conveyer Distance %

Conveyer Distance: 1000 | rmrm

[ Tracking Frame Setup Wizard ]

Comment
A comment added to vision data.
Up to 30 one-byte characters or up to 15 two-byte characters can be entered as a comment.

Queue Number
Select the queue number of the tracking queue to be used. The selected tracking queue is used by all
robots that participate in tracking.

Timing of Snap
Select the timing mode in which the vision process is executed periodically.
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Conveyer Distance
Each time when the conveyor has moved by a certain distance, the vision process is executed once.

Conveyer Distance
When selecting [Conveyer Distance] in [Timing Mode], set the distance of conveyor movement. When
300 mm is set, for example, the vision process is executed once each time the conveyor moves 300 mm.

Allocation Mode
Select the allocation mode when there are multiple robots working on the conveyor.

Equal
Parts are allocated to robots so that each robot picks parts equally.

Percentage
Parts are allocated to robots so that each robot picks the specified percentage of parts.

Tracking Frame Setup Wizard
Set the tracking coordinate system and the encoder scale. The tracking schedule setup screen on the teach
pendant of a robot might be used to set the tracking coordinate system and the encoder scale, but when
tracking is performed with more than one robot, in particular, the same tracking coordinate system must
be set for all robots, so this wizard should be used.

1. Click the [Tracking Frame Setup Wizard] button.

Microsoft Internet Explorer

9 This wizard leads you ko setup the tracking frame and the encoder scale of individual robats,
In case that there are multiple robats working with the same conveyer, the same kracking frame will be shared by all robats,

Place a target ta touch up on the convever, and click QK.

Cancel

2. Place a target that can be touched up with the TCP of the robot in the most upstream part of the
conveyor, and click [OK].

Microsoft Internet Explorer: fil

92 Robat ; This Robat

4
Qrigin poink

1. Move the conveyer until the target comes in the robot motion area, and stop.

2. Jog the robot so that the TCP comes to the barget mark, and click OK,

Cancel

3. Move and stop the conveyor so that the target is positioned in the upstream part of the robot
operation area.
4. Jog the robot, touch up the target with the TCP, then click [OK].

Microsoft Internet Explorer [‘5__<|
92 Robat : This Robat:
\4_‘4/’
¥ axis direction poink

1. Mave the conveyer downstrean in the robak mation area, and stop.

2. Jog the robot so that the TCP comes to the target mark, and click QK.

Cancel
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5. Withdraw the robot by jogging to a position at which the TCP does not interfere with the conveyor
even when the conveyor moves.

6. Move and stop the conveyor so that the target is positioned in the downstream part of the robot
operation area.

7. Jog the robot, touch up the target with the TCP, then click [OK].

X

Microsoft Internet Explorer.
Robat ¢ This Robot
2
¥ axis direction poink

1. wWithout moving the conveyer, jog the robot toward left side of

the corwveyer follow direction, at least handreds millimeters, and click OK.

Cancel

8. Move the robot by jogging at least several hundreds mm to the left with respect to the movement
direction of the conveyor, and click [OK].

/A\ CAUTION
Be sure to maintain the robot TCP at the height at which it touched up the target.

Microsoft Internet Explorer

‘) Robot : This Robot

The tracking frame and the encoder scale have been set up, Click OK,

[ OF J | Cancel

9. This completes the setup of the tracking coordinate system for the first robot.
10. When more than one robot is used, click the [OK] button to start to set up the tracking coordinate
system for the next robot. Repeat steps 2 through 8 for all robots.

/A\ CAUTION
Be careful not to move the target on the conveyor until the tracking coordinate
system has been set up for every robot, or the frame will be incorrect.

11. When the above steps have been performed for all robots, the following is displayed:

Microsoft Internet Explorer

9
<’/

Robat ¢ This Robaot

The tracking frame and the encoder scale have been set up, Click OF,

Cancel

12. Click [OK].

9.3.2 Setting Robots

Set each robot. When a robot is clicked in the list on the left side of the window, items for setting up the
selected robot are displayed on the right side.
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<2 AP Setup - Microsoft Internet Explorer,

- Visual Tracking Environment

Cn-Line

1 |w
1w
500.0 countfmm
Tracking frame: Trained
He 100.0 Wy oo 2t oo
Wl 00 P: 0o R 0.0

Selected boundary: 1 |
Upstream boundary: 0.0 | mm

Cownstream boundary: 00| mm

Distribution line: 0.0 mm ¥ Offzetfrom upstream boundary
Discard line: 00 mm  * Offset from downstream boundary
Cuerlap Tolelance: 100 mm

Model 10 to picks 1

Data set in this page is stored in each robot controller. They can be set using the teach pendant. However,
this page should be used to set up items such as the robot order.

Status
The status of the robot is indicated. [Online] in green or [Offline] in red is indicated. Basically, the power
to all robots must be kept on during setup of visual tracking.

Line Tracking Schedule Number
Select the number of the tracking schedule to be used.

Encoder Number
Select the number of the encoder to be used.
The value is stored in the tracking schedule.

Encoder Scale
The scale of the set encoder is indicated.
The value is stored in the tracking schedule.

Tracking Frame
The status and values of the set tracking coordinate system are indicated.
The values are stored in the tracking schedule.

Selected Boundary
Select the tracking area to be used.
The value is stored in the tracking schedule.

Upstream Boundary
Specify the boundary position on the upstream side of the tracking area. As the value, specify the X
coordinate value in the tracking coordinate system.
The value is stored in the tracking schedule.

Downstream Boundary
Specify the boundary position on the downstream side of the tracking area. As the value, specify the X
coordinate value in the tracking coordinate system.
The value is stored in the tracking schedule.
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Distribution Line
Set an offset value from the boundary on the upstream side of the tracking area. Typically, this should be
a small negative value. This allows the workpiece to be passed to the robot before the workpiece enters
the tracking area. Therefore, the robot will pick up the workpiece after waiting for a time equal to the
value of the offset.

Discard Line
Set an offset value from the boundary on the downstream side of the tracking area. When a conveyed
workpiece has passed across this line, the robot determines that it can no longer catch up with the
workpiece. Typically, set this to a small negative value.

Overlap Tolerance
Set a threshold value by which whether found workpieces are the same workpiece or not is determined
when the same workpiece is found more than once.

Gripper
Specify if the gripper of the robot is single-pick or multi-pick.

Gripper Index Register
When the gripper is multi-pick, specify the register number in which the robot program sets the gripper
number for the next part.

Model IDs to Pick
Specify the model ID of workpieces the robot picks up. If a workpiece that does not belong to the
specified model ID is conveyed, the robot does not pick up the workpiece.
Up to four IDs can be specified for each robot. When the same model ID is specified for more than one
robot, workpieces of that model are evenly distributed to these robots.

Pick Allocation
Specify how many parts the robot should pick, when you select “Percentage” for “Allocation Mode” on
the conveyor setup page, you can specify different percentage for each model ID.
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10 STARTING FROM A ROBOT PROGRAM

This chapter describes how to start iRVision from a robot program.

10.1 VISION REGISTERS

The robot controller has special registers for storing iRVision found results. These registers are called
vision registers. Each vision register contains data for one found workpiece. The vision register contents
can be checked on the teach pendant of the robot.

10.1.1 Vision Register List Screen

Perform the following steps to display the vision register list screen.

1.  Press DATA on the teach pendant.
2. Press F1 [TYPE].
3. Select [Vision Reg]. The following screen is then displayed:

DATA Vision Reg
1/10
comment

]=x
]=x
]=x
]=x
]=x
]=x
]=x
]=x
]=x

[ TYPE ] DETAIL  CLEAR

<<
=
OO~ UITRWN—

The rightmost character "R" indicates that a value is set.

Entering a comment
1. Move the cursor to the line of a vision register for which a comment is to be entered.
2.  Press the Enter key.
3. Press an appropriate function key to enter the comment.
4.  After completing the entry of the comment, press ENTER.

Erasing a value

1. Move the cursor to the line of a vision register of which contents are to be erased.
2. While holding down the SHIFT key, press F5 [CLEAR].

10.1.2 Detail Screen of a Vision Register

On the list screen of vision registers, move the cursor to the line of the vision register of which contents
are to be checked, then press F4 [DETAIL].
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DATA Vision Reg
VR[1] 1/32
Type : Fixed Frame Offset
Frame 1
Model ID : 1
Encoder : 0
Group Mask: [1,x*, %, %, %, * *
Offset:
X: Y: Z:
W: P: R:
Found Pos 1:
X: Y: 7
Wo skekokskokskokk P ooskokskskskskokk R skekekokokokokok
Found Pos 2:
X skkokkokskokk Yo kokkkkskokk /L skekekokokokokok
W: P: R: skekkekokokokok
Found Pos 3:
X: Y: 1: wkxkkkkk
W: skkkskokskokk Pooskokskokskskokk RD skekokokskekokok
Found Pos 4:
X0 skkrskokskokk YD skkkokkskokk /1 skekskokeskekokok
W: P: R: skrskskotoroskok
Meas 1 : 0.000
Meas 2 : 0.000
Meas 3 : 0. 000
Meas 4 : 0.000
Meas 5 : 0. 000
Meas 6 : 0.000
Meas 7 : 0. 000
Meas 8 : 0.000
Meas 9 : 0. 000
Meas 10: 0.000
[ TYPE ] PREV NEXT LIST

/\ CAUTION
Basically, this screen is designed for reference although values can be entered
on this screen. Entering an inappropriate value can cause an unpredictable
robot motion.

Type

Type of offset data stored in the vision register.

Fixed Frame Offset
Fixed frame offset data

Tool Offset
Tool offset data

Found Position
Actual found position, which is not offset data. This item remains to provide compatibility with the
old software edition.

Found Position (TOOL)
Actual found position, which is not offset data. This item remains to provide compatibility with the
old software edition.

Frame

Frame number for offset data. If [Type] is [Fixed Frame Offset] or [Found Position], it is the user frame
number. If [Type] is [Tool Offset] or [Found Position (TOOL)], it is the user tool number.
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Model ID
Model ID of the found workpiece.

Encoder

Count of the encoder that triggers visual tracking for a found workpiece. This item is not used for

purposes other than visual tracking.

Group Mask
Group mask of offset data.

Offset
Offset data represented in the XYZWPR format.

Found Pos
Actual position of each camera view.

Meas
Measurement value of a tool such as a histogram.

Displaying the screen of previous or following vision register
1.  Pressing F2 [PREV] displays the detail screen of the previous vision register.
2. Pressing F3 [NEXT] displays the detail screen of the next vision register.

Returning to the vision data list screen

1. Pressing F4 [LIST] returns the screen display to the original vision data list screen.

10.2 PROGRAM COMMANDS

Program commands for iR Vision are provided.

10.2.1 Vision Offset

This command offsets the robot position by using offset data stored in a vision register.

10.2.1.1 VOFFSET

VOFFSET is an optional operation command that is added to a robot motion statement.

This command

moves the robot to a position compensated with a vision offset data in a specified vision register.

If the type of offset data stored in the specified vision register is [Fixed Frame Offset], a fixed frame
offset is applied. If the type is [Tool Offset], a tool offset is applied. Position offset is performed
properly based on the coordinate system in which iRVision calculated the offset data, regardless of the
currently selected user frame/user tool and the user frame/user tool of the position data of the motion

statement.
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/A\ CAUTION
VOFFSET command does not support Dynamic UFrame. When you want to use
the vision offset with Dynamic UFrame, copy the vision offset data to a position
register by "10.2.4.5 Offset data command" and use OFFSET command. For
details of Dynamic UFrame, please refer to the R-30iA robot controller
Coordinated Motion Function operator's manual.

There are two types of syntax:

VOFFSET,VR

This command directly specifies a vision register in-line.

L P[1] 500mm/sec FINE VOFFSET,VR[a]

VOFFSET

This command uses a vision register specified with VOFFSET CONDITION command. See also
10.2.1.2 “VOFFSET CONDITION”.

L P[1] 500mm/sec FINE VOFFSET

10.2.1.2 VOFFSET CONDITION

This command selects a vision register that is used with VOFFSET command. The vision offset
condition must be specified before VOFFSET command is used. The specified vision offset condition is
effective until the program is aborted or another vision offset condition is specified.

VOFFSET CONDITION VR[a]

10.2.1.3 LOCK VREG

This command locks vision registers.

LOCK VREG

While the robot is executing a program, it reads the lines ahead of the line currently being executed. It is
called “look-ahead execution”. Look-ahead execution is performed for motion statements, but it cannot
be performed for motion statements that use vision registers. Motion statements using vision registers
cannot be read in advance because the values in the vision registers could be changed. If the robot reads
a motion statement that uses a vision register prior to its execution, the value of the vision register may
yet be changed. Such a change is not reflected in the motion statement that has already been read by the
robot. Consequently, the robot’s operation may be unpredictable. This command enables look-ahead
execution for motion statements that use vision registers. By means of these instructions, the user can
explicitly specify a program portion. Then, for the specified program portion, even when it contains
motion statements that use vision registers look-ahead execution can be performed.
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10.2.1.4 UNLOCK VREG

This command unlocks vision registers.

UNLOCK VREG

10.2.2 vVision Execution

These commands instruct iR Vision to perform processing.

10.2.2.1 RUN_FIND

This command starts a vision process.
When a specified vision process has more than one camera view, location is performed for all camera
views.

VISION RUN_FIND (vision-process-name)

When a vision process has multiple camera views, and location is to be performed for one of these views,
add CAMERA VIEW[] command.

VISION RUN_FIND (vision-process-name) CAMERA_VIEW([a]

In the execution of a vision location command, when the vision process has snapped an image, the next
line of the program is executed, and image processing is performed in the background. This allows vision
image processing and another operation such as a robot motion to be performed in parallel.

10.2.2.2 RUN_FIND SR[]

This command works like RUN_FIND except the vision process name is stored in a String Register

10.2.2.3 GET_OFFSET

This command gets a vision offset from a vision process and stores it in a specified vision register. This
command is used after RUN_FIND. If image processing is not yet completed when GET OFFSET is
executed, it waits for the completion of the image processing.

VISION GET_OFFSET (vision-process-name) VR[a] JMP,LBL[b]

GET _ OFFSET stores the vision offset for a workpiece in a vision register. When the vision process finds
more than one workpiece, GET OFFSET should be called repeatedly.

If no workpiece is detected or no more offset data is available because of repeated execution of
GET_OFFSET, it jumps to the specified label.
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TIP
A measurement value specified with the measurement value output tool is
written to the vision register together with offset data by this GET_OFFSET
command.

It is possible for the controller without iR Vision to get offset data from other controllers. This is generally
used when the robots work big workpieces together. You should add the name of the robot before the
name of vision process to gain offset data from other controllers.

VISION GET_OFFSET ROBOT1.VISPROL1 VR[1]

The robot name is the one you gave in the section 4.9, “Setup Robot Ring”.

/A\ CAUTION
With a vision process that detects multiple small workpieces in one
measurement such as the 2-D single view vision process, the offset data
obtained by a robot cannot be obtained by another robot. On the other hand,
with a vision process that detects only one large workpiece at a time such as the
2-D multi-view vision process, the same offset data can be obtained by multiple
robots.

10.2.2.4 GET_OFFSET SR[]

This command works like GET OFFSET except the vision process name is stored in a String Register

10.2.2.5 GET_PASSFAIL

This command gets the PASS/FAIL result of an inspection or error proofing vision process, then the
command stores the result in a specified numeric register.

VISION GET_PASSFAIL (vision-process-name) R[a]

The following value is set in the numeric register:

Value Description
0 FAIL
1 PASS
2 Could not be determined

10.2.2.6 GET_PASSFAIL SR[ ]

This command works like GET PASSFAIL except the vision process name is stored in a String Register

10.2.2.7 GET_NFOUND

This command gets the number of found results from a vision process and stores it in a specified register.
The command is used after the VISION RUN_FIND command. If image processing is not yet completed
when GET NFOUND is executed, the command waits for the completion of the image processing.
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VISION GET_NFOUND (vision-process-name) R[a]

If the vision process has more than one camera view, add the CAMERA_ VIEW[] command.

VISION GET_NFOUND (vision-process-name) R[a] CAMERA_VIEW/[b]

10.2.2.8 GET_READING

This command gets a result string of a reader vision process, then the command stores the string in a
specified string register and also stores the length of the string in a specified numeric register. This
command is used after RUN_FIND.

VISION GET_READING (vision-process-name) SR[a] R[b] JMP,LBL[c]

If no barcode is found, it jumps to the specified label. If the string that the barcode contains is longer
than 254 bytes, the first 254 characters are stored in the specified string register.

10.2.2.9 SET_REFERENCE

This command sets the reference position in a vision process. The command is used after RUN_FIND.
The command has the same effect as the [Set Ref. Pos.] button in the setup window for a vision process.

VISION SET_REFERENCE (vision-process-name)

If a vision process remains open on the setup PC when SET_REFERENCE is executed for the vision
process, the reference position cannot be written to the vision process, which results in CVIS-103 “The
vision data file is already open for writing” alarm. Close the setup window, then re-execute the command.

When the vision process finds more than one workpiece, the position of the workpiece having the highest
score is set as the reference position. It is recommended that only one workpiece be placed within the
camera view so that an incorrect position is not set as the reference position.

10.2.2.10 SET_REFERENCE SR[ ]

This command works like SET REFERENCE except the vision process name is stored in a String
Register

10.2.2.11 CAMERA_CALIB

This command performs camera calibration.

VISION CAMERA_CALIB (camera-calibration-name) (request-code)

The value specified as the request code varies depending on the type of camera calibration. Refer to the
following table:
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Calibration Type Request Code
Grid Pattern Calibration Specify the index of the calibration plane, 1 or 2.
3D Laser Calibration Specify the index of the calibration plane, 1 or 2.
Robot-Generated Grid Calibration Specify a different number for each calibration point. In the case of

robot-generated grid calibration, a robot program using this command is
automatically generated. For details, see Section 11.3,
“ROBOT-GENERATED GRID CALIBRATION".

Visual Tracking Calibration Not supported

Simple 2D Calibration Not supported

10.2.2.12 CAMERA_CALIB SR[ ]

This command works like CAMERA CALIB except the camera calibration name is stored in a String
Register

10.2.2.13 OVERRIDE

This command sets a value for a vision override. The command is used immediately before the VISION
RUN_FIND command.

VISION OVERRIDE (vision-override-name) a

The OVERRIDE command enables a vision process to run with part of its taught properties changed. For
vision override, see Section 9.1, "VISION OVERRIDE"

The value you set with the OVERRIDE command is temporary and is not meant to rewrite the content of
a vision process. The value set by this command takes effect only for the RUN_FIND command that is
executed immediately after the OVERRIDE command. Once the RUN_FIND command is executed, all
the values set by the OVERRIDE command (including those vision overrides associated with vision
processes other than the vision process that executes location) are cleared.

10.2.3 Visual Tracking

Visual tracking commands are used for visual tracking

/\ CAUTION
Read this chapter only when you use V7.30P or earlier version of controller.
For V7.40P and later versions of controllers, see "iRVision Visual Tracking
START-UP GUIDANCE".

10.2.3.1 INIT_QUEUE

This command initializes a specified queue. All workpiece information held in the queue when the
command is executed is cleared.

VISION INIT_QUEUEIa]

When multiple robots are used to pick up workpieces on one conveyor, this command must be executed
individually for all robots.
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10.2.3.2 GET_QUEUE

This command gets part information a specified queue and stores the information in a vision register.
Moreover, this command sets, as a tracking trigger, the value of the existing encoder when the picked up
target is found.

VISION GET_QUEUE[a] VR[b]

If the TIMEOUT, LBL[] command is specified, the program branches to the specified label when no
workpiece is available within a set wait time.

VISION GET_QUEUEJa] VR[b] TIMEOUT,LBL[c]

The wait time is set in the system variable $VQCFG[a].SWAITTMOUT. The default is 3000
milliseconds.

10.2.3.3 START_VTRK

This command starts periodic execution of a vision process. After this command is executed, iRVision
monitors a specified condition (such as a conveyor move distance). iRVision executes the specified vision
process each time a specified condition is satisfied.

VISION START_VTRK (vision-process-name)

When multiple robots are used with one conveyor, this command is executed only in the robots on which
iRVision resides.

10.2.3.4 STOP_VTRK

This command stops periodic execution of a vision process.

VISION STOP_VTRK (vision-process-name)

When multiple robots are used with one conveyor, this command is executed only in the robots on which
iRVision resides.

10.2.4 Vision Registers

These commands assign the value of a vision register to a register or a position register.

10.2.4.1 Model ID

This command copies the model ID of the found workpiece from a vision register to a register.

R[a]=VR[b]. MODELID
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10.2.4.2 Measurement value

This command copies the measurement value of the found workpiece from a vision register to a register.

R[a]=VR[b].MEAS][c]

10.2.4.3 Encoder count

This command is used for visual tracking. It copies the encoder count of the found workpiece from a
vision register to a register.

R[a]=VRI[b].ENC

10.2.4.4 Found position

This command copies the actual position data of the found workpiece from a vision register to a position
register.

PRI[a]=VR[b].FOUND_POS|c]

In ¢, specify a camera view number.

/\ CAUTION
The configuration of the position register at the assignment destination is
replaced with a predetermined value. The robot cannot be moved to the position
set in the position register by this command.

NOTE
The position register format after assignment is XYZWPR.

10.2.4.5 Offset data

This command copies the offset data of the found workpiece from a vision register to a position register.

PRI[a]=VR[b].OFFSET

NOTE
The position register format after assignment differs depending on the value of
the system variable $SOFFSET_CART. If SOFFSET_CART is FALSE, the matrix
format is used. If the value is TRUE, the XYZWPR format is used.
$OFFSET_CART allows you to select behavior of the OFFSET command. The
command described in this section selects an appropriate position register
format depending to the value of SOFFSET_CART so that the OFFSET
command can work expectedly with the offset data. For details of
$OFFSET CART, please refer to the R-30iA robot controller reference manual.
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10.2.4.6 String

This command copies the string value from the vision register to a string register.

SR[a]=VR[b].String_Reg|c]

10.2.5 Sensor Connect/Disconnect

These commands offer the functions to shut down and resume the feeding of power and signals to the
camera connected to port 8 (JRL6H) of multiplexer C or the 3D laser sensors connected to multiplexer D.
If the feeding of power and signals to the camera and force sensor or 3D laser sensor is shut down, the
sensor can be connected and disconnected, even when the robot is operating (the controller is powered
on).

Using the 3D laser sensor connection/disconnection functions requires the following options:
e iRVision 3DL disconnection option
e  Multiplexer D

TIP

1 When multiplexer C is used, the feeding of power and signals is shut down not
only for the camera but also for the force sensor connected to multiplexer C.

2 When multiplexer D is used, the feeding of power and signals is shut down for all
connected 3D laser sensors and cameras.

/\ CAUTION
Multiplexer A does not support the functions to connect and disconnect 3D laser
sensors. An inadvertent attempt to connect or disconnect a 3D laser sensor may
damage the sensor or multiplexer. When you intend to connect and disconnect
3D laser sensors, be sure to use multiplexer D.

The 3D laser sensor connection/disconnection functions use a DO signal to control the feeding of power
and signals. Set the number of the DO signal to be used in the system variable $SNSCHG.$DO_NUM.
The default value is 0 (= do not use the 3D laser sensor connection/disconnection functions).

/A CAUTION
After changing the value of the system variable $SNSCHG.$DO_NUM, turn off
the power of the controller and then back on in order to get the change reflected
on the system.

If the number of the DO signal to be used is not set properly in the system variable
$SNSCHG.$DO _NUM, or if a value other than 0 is set in the system variable $SNSCHG.$DO NUM
when a multiplexer other than multiplexer D is connected, executing the sensor connect or sensor
disconnect command causes alarm CVIS-332, "Cannot control the sensor power".

10.2.5.1 SENSOR DISCONNECT

The sensor disconnect command shuts down the feeding of power and signals to the sensor.
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SENSOR DISCONNECT

Be sure to execute this command before connecting or disconnecting the sensor cable physically. Connect
or disconnect the sensor cable after completion of execution of this command.

/\ CAUTION
If the sensor cable is connected or disconnected before execution of this
command or if the sensor is connected or disconnected during execution of this
command, the sensor or multiplexer can be damaged.

10.2.5.2 SENSOR CONNECT

The sensor connect command turns on power and signals to the camera.

SENSOR CONNECT

Execute this command after completion of physical sensor cable connection or disconnection.

If the VISION RUN_FIND command is executed before this command is executed after the execution of
the sensor disconnect command, the alarm CVIS-098 “The camera is disconnected” is posted.

Execution of this command with the sensor disconnected poses no problem. However, before
reconnecting the sensor, be sure to shut down the feeding of power to the sensor by executing the sensor
disconnect command. Then, restart the feeding of power to the sensor with this command.

/A\ CAUTION
If the sensor is connected or disconnected after execution of this command or if
this command is executed during connection or disconnection of the sensor, the
sensor or multiplexer can be damaged.

10.2.6 Sample Programs

Examples of the program for executing iR Vision are given below.

Finding a single part
In the following program example, a vision process named VISION1 is executed and one set of offset
data is retrieved. The robot holds the workpiece as the robot position is offset.
The program is set to generate a user alarm if no offset data is found.

- 359 -



10.STARTING FROM A ROBOT PROGRAM B-82774EN/04

1: UFRAME_NUM=1
2:  UTOOL_NUM=1
3:
4: L P[1:Home] 500mm/sec FINE
5:  VISION RUN_FIND VISION1
6: VISION GET_OFFSET VISION1 VR[1] JMP,LBL[99]
7: CALL HANDOPEN
8: L P[2:Approach] 500mm/sec FINE VOFFSET,VR[1]
9: L P[3:Grasp] 100mm/sec FINE VOFFSET,VRI[1]
10: CALL HANDCLOS
11: L P[2:Approach] 100mm/sec FINE VOFFSET,VRI[1]
12: END
13:
14: LBL[99]
15: UALM[1]

Finding multiple parts
The following program executes a vision process named VISION2 and then repeats the process of
holding a workpiece and loading it onto the machine tool repeatedly for as many times as the number of
found offset data sets.

UFRAME_NUM=1
UTOOL_NUM=1

: L P[1:Home] 500mm/sec FINE
VISION RUN_FIND VISION2

LBL[1]

VISION GET_OFFSET VISION2 VR[2] JMP,LBL[2]
CALL HANDOPEN

: L P[2:Approach] 500mm/sec FINE VOFFSET,VR[2]

: L P[3:Grasp] 100mm/sec FINE VOFFSET,VR[2]
CALL HANDCLOS

: L P[2:Approach] 100mm/sec FINE VOFFSET,VR[2]

Y
Ww NP O

14: CALL DROPPART
15:  JMP,LBL[1]
16:  LBL[2]

Setting the reference position
In the following program example, the reference position is set only if R[1] is 1. By setting R[1] to O after
setting the reference position, the program prevents the reference position from being set twice
consecutively. This program consists of the earlier shown program for finding one set of offset data plus
some added lines (lines 6 to 10).
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UFRAME_NUM=1
UTOOL_NUM=1

1
2
3:
4: L P[1:Home] 500mm/sec FINE
5.  VISION RUN_FIND VISION1
6:

-

8

9

IF R[1]<>1 JMP,LBL[1]

VISION SET_REFERENCE VISION1
:  R[1]=0

10:

11: LBL[1]

12: VISION GET_OFFSET VISION1 VR[1] JMP,LBL[99]

13: CALL HANDOPEN

14: L P[2:Approach] 500mm/sec FINE VOFFSET,VRI[1]

15: L P[3:Grasp] 100mm/sec FINE VOFFSET,VR[1]

16: CALL HANDCLOS

17: L P[2:Approach] 100mm/sec FINE VOFFSET,VRI[1]

18: END

19:

20: LBL[99]
21:  UALM[1]

Automatic Camera Recalibration
In the program example shown below, automatic camera recalibration is performed for camera calibration
called CALIBI1. This is a program example of carrying out 2-plane calibration with a robot mounted
camera. In P[1], the position of the robot to detect calibration plane 1 is specified. Calibration plane 2 is
100 mm higher in the Z direction than calibration plane 1.

1: UFRAME_NUM=1
2: UTOOL_NUM=1
3:J P[1] 100% FINE
4

5. PR[99]=LPOS
6: PR[99,1]=0

7: PR[99,2]=0

8: PR[99,4]=0

9: PR[99,5]=0

10: PR[99,6]=0

11:

12:! Backlash

13: PR[99,3]=(-5)

14:J P[1] 100% FINE OFFSET,PR[99]

15:

16:! Find Plane-1

17: PR[99,3]=0

18:J P[1] 100% FINE OFFSET,PR[99]

19: VISION CAMERA_CALIB 'CALIB1' REQUEST=1
20:

21:! Find Plane-2

22: PR[99,3]=100

23:J PR[1] 100% FINE OFFSET,PR[99]

24: VISION CAMERA CALIB 'CALIB1' REQUEST=2
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1

/\ CAUTION

Automatic re-calibration does not reset the calibration grid frame. Make sure that
the calibration grid is securely fixed at the position where it was initially calibrated
and is not moved.

If the calibration grid is mounted on the hand of the robot, do not change the
values of the tool frame containing the calibration grid frame. The values of the
tool frame are referenced when the position of the calibration grid is calculated
from the robot position.

10.3 ASYNCHRONOUS EXECUTION

iRVision stores the execution results of the five vision processes most recently executed. Thus, the
VISION RUN FIND command and the VISION GET OFFSET command can be executed
asynchronously with each other.

/N\ CAUTION

This function is supported on V7.40P or later versions of controller.

In the sample program below, measurements are made successively at two locations by using a robot
mounted camera then the results of the two measurements are obtained and a compensation operation is
performed on the measurement results.

1: UFRAME_NUM=1

2:  UTOOL_NUM=1

3:

4: L P[1] 500mm/sec FINE

5:  VISION RUN_FIND VISION1

6:

7: L P[2] 500mm/sec FINE

8:  VISION RUN_FIND VISION2

9:
10: VISION GET_OFFSET VISION1 VR[1] JMP,LBL[99]
11: CALL HANDOPEN
12: L P[3:Approachl1] 500mm/sec FINE VOFFSET,VRI[1]
13: L P[4:Pick_pos1] 100mm/sec FINE VOFFSET,VR[1]
14: CALL HANDCLOS
15: L P[3:Approach1] 100mm/sec FINE VOFFSET,VR[1]
16:
17:  VISION GET_OFFSET VISION2 VR[1] JMP,LBL[99]
18: CALL HANDOPEN
19: L P[5:Approach2] 500mm/sec FINE VOFFSET,VRI[1]
20: L P[6:Pick_pos2] 100mm/sec FINE VOFFSET,VR[1]
21: CALL HANDCLOS
22: L P[5:Appraoch2] 100mm/sec FINE VOFFSET,VRI[1]
23:
24: END
25:
26: LBL[99]
27:  UALARMI[1]

If six or more vision processes are executed asynchronously, the oldest stored detection result is
discarded.
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10.4 KAREL TOOLS

If the iRVision KAREL interface option is ordered for the robot controller, the KAREL programs below
can be used.

10.4.1 IRVNFND

This KAREL program returns the number of parts found by a vision process and stores the number of
found parts in a register. This KAREL program can also be used with a multi-view vision process to
check whether a camera view could find a feature.

NOTE
The GET_NFOUND command is available on V7.50P and later versions of
controller. For details, see Subsection 10.2.2, “Vision Execution Commands”.

The following three arguments need to be passed:

Argument 1: Vision process name
Specify a vision process name as a character string.

Argument 2: Register number
Specify a register number where the number of found is stored.

Argument 3: Camera view number
Specify a camera view number in case of a multi-view vision process. It is optional, and you don’t
have to specify in case of a single-view vision process.

Program Example
The following example get the number of found in R[5]. If the vision process is still in progress when
this KAREL program is called, this KAREL program waits for completion of the vision process.

1:  VISION RUN_FIND VISION1
2:  CALL IRVNFND(VISIONL, 5)
3: IF R[5:NFound]=0 JMP,LBL[1]

10.4.2 IRVADJ2D

This KAREL program provides a quick-easy way to improve the compensation accuracy, when the robot
can be offset accurately for non-rotated parts, but less accurately for rotated parts.

Such an error arises from an inaccurate user frame setting or camera calibration. In many cases, the cause
is an inaccurate setting of TCP used for touch-up. The correct remedy is to re-teach the user frame and
re-calibrate the camera after re-setting the TCP more accurately.

However, as another method, this KAREL program can make a fine adjustment relatively easily.

The following three arguments need to be passed:

Argument 1. Vision register number
Specify a vision register number where the vision offset data has been set.

Argument 2: Compensation amount in the X direction
Specify a compensation amount in mm in the X direction of the user frame.
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Argument 3: Compensation amount in the Y direction

Specify a compensation amount in mm in the Y direction of the user frame.

Program Example
The following is an example with X offset in R[1] and Y offset in R[2]. Insert a call of this KAREL
program between the GET OFFSET command and the motion statement that uses the offset.

B W E

VISION RUN_FIND VISION1

VISION GET_OFFSET VISION1 VR[1] JMP,LBL[99]
CALL IRVADJ2D(1, R[1], R[2])

: L P[1] 500mm/sec FINE VOFFSET,VR[1]

In the example above, a compensation amount in the X direction is set in R[1], and a compensation
amount in the Y direction is set in R[2].

How to Adjust

Adjustment method is as follows:

SISO R WD -

0.
1.

Set R[1] and R[2] to O.

Place a part in the camera's field of view at the same orientation as the reference position.

Move the robot to the pick position after executing detection.

Modify the robot pick position if the robot is out of place.

Place the part at the 180 degrees rotated orientation in the camera’s field of view.

Similarly, move the robot to the pick position after executing detection.

Note down the X and Y values of the present robot position in the user frame.

Jog the robot to the correct position to pick the part.

Note down the X and Y values of the present robot position in the user frame.

Calculate the differential between the positions noted down in step 7 and step 9 for each of X and Y.

Set R[1] and R[2] to a half of the differential for each of X and Y found in step 10, as an adjustment
amount.

10.4.3 IRVSNAP, IRVNFIND

IRVSNAP and IRVFIND are the functions to store a snapped image in an image register on a temporary
basis and restore the image from the image register later to find a vision process.

/A\ CAUTION

These functions are available on V7.50P and later versions of controller.

Image Register
An image register is an area to store captured images on a temporary basis. By storing captured images in
an image register, as well as the data necessary for finding a vision process such as the robot position at
the time of snapping, the image capturing and location operations can be performed separately. This
allows you to reduce the cycle time because, in such cases as when you process the same image multiple
times for different purposes, you can omit the capturing of the image for the second and subsequent
image processing steps.
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/\ CAUTION

1 To store images in an image register and find a vision process using images
stored in an image register, you use IRVSNAP and IRVFIND. Therefore, the
iRVision KAREL interface option is necessary.

2 Since securing an image register requires a large amount of memory space, use
a vision board or, in the case of the main board, a CPU card with 64 MB of
DRAM.

The number of image registers is determined by the system variable $VISIMREGNUM. The default
value is 0. Enter the necessary number of image registers.

The size of each individual image register is determined by the system variable $VISIMREGSIZ. The
default value is 300. Where appropriate, set the register size as follows:

2D Measurement (when vision board is not plugged in) — 240
2D Measurement (when vision board is plugged in) — 300
3D Laser 3D Measurement (when vision board is not plugged in) — 1200
3D Laser 3D Measurement (when vision board is plugged in) — 1500

/N\ CAUTION
After changing the value of the system register $VISIMREGNUM or
$VISIMREGSIZ, turn off the power of the controller and then back on in order to
re-create the image register.

IRVSNAP
This KAREL program captures an image according to the shooting condition of a specified vision process
and stores the captured image in an image register. It also stores the data necessary to find the specified
vision process (e.g., the robot position in the case of a robot-mounted camera) in the image register. To
find a vision process using images stored in the image register, you use IRVFIND, which is described
later. Using IRVSNAP and IRVFIND in combination lets you perform the same operation that the
VISION RUN_FIND command does.

The following three arguments need to be passed.

Argument 1:Vision Process Name
Specify a vision process name as a character string.

Argument 2:Camera View Number
Specify a camera view number in case of a multi-view vision process. Specify 1 in case of a
single-view vision process.

Argument 3:Image Register Number
Specify the number of the image register that stores the image.

IRVFIND

This KAREL program runs a specified vision process using images stored in an image register. To store
images in an image register, you use IRVSNAP, which is described above. Using IRVSNAP and
IRVFIND in combination lets you perform the same operation that the VISION RUN_FIND command
does.

The following three arguments need to be passed:

Argument 1:Vision process name
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Specify a vision process name as a character string.

Argument 2:Camera View Number
Specify a camera view number in case of a multi-view vision process. Specify 1 in case of a
single-view vision process.

Argument 3:Image Register Number
Specify the number of the image register to be used for finding the vision process.

Program Example
Shown below is an example in which a multi-view vision process with three camera views is found by
using the same image for all the camera views. In this case, the same camera calibration needs to be
specified for all the camera views.

CALL IRVSNAP(VISIONI, 1, 1)
CALL IRVFIND(VISIONZ, 1, 1)
CALL IRVFIND(VISIONL1, 2, 1)
CALL IRVFIND(VISIONL1, 3, 1)
VISION GET_OFFSET VISION1 VR[1] JUMP,LBL[99]

10.4.4 |IRVEXLOG

This KAREL program exports Vision Log and logged images to the specified external device. Exporte
logs and logged images will be removed in the controller. All the logs and logged images will be
exported. This KAREL program allows you to perform the same operation as the one described in 11.1
“VISION LOG MENU”. See also 11.1 “VISION LOG MENU” about setting the external device to
export to.

/N CAUTION
This function is available on VV7.70P/05 and later versions of controller.

The following arguments can be passed:

Argument 1: Register Number
Specify a register number in which the operation status is stored. If the export succeeded, 0 will be
stored, otherwise a non-zero value will be stored. This is optional.

Argument 2: Timeout Time
Specify a timeout time in milliseconds. If the export does not complete within the time specified
here, the export will be stopped. If all the logs can be exported, 0 will be stored in the register
specified with the argument 1. If not all the logs can be exported, 1 will be stored in the register.
This is optional.

Program Example 1
The following example exports vision logs just after a vision execution. The robot program execution
will proceed after waiting for the completion of the export.

1: VISION RUN_FIND " VP1’
2:  CALL IRVEXLOG

Program Example 2
When processing time for the export takes more than 1000msec, which is specified with the argument 2,
the program stops exporting and moves to the next line. And the error status 1 will be stored in R[5],
which is specified with the argument 1.
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[ 1 CALL IRVEXLOG (5, 1000) |

Program Example 3
The following example exports vision logs in a sub task of multitasking, and the main task continues its
process without waiting for the completion of the export.

| 1:  RUN IRVEXLOG
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11 UTILITY MENU

The iRVision utilities are a set of functions that help you operate iRVision.

/N CAUTION
These functions are available on V7.50P or later versions of robot controller.

To display the iRVision utility menu, perform the following steps:
1. Press MENUS on the teach pendant, and select UTILITY.
2. Press F1 [TYPE], and choose [iRVision]. A screen like the one shown below appears.

=a a || Faute
= ,:o S Vst Line o B avorreo [ 100%
UTILITIES iRVision

ilFcbot Generated Grid Calib

2 Automatic Grid Frame Set
3 Vision Log Menu

[ TYRE | DETAIL

11.1  VISION LOG MENU

The vision log menu allows you to perform the following operations for the iRVision log data:

Export
Convert the vision log data stored in the robot controller to a text format and output the converted
data to a specified external device.

Import
Convert the exported vision log data to the binary format and read the converted data into the robot
controller.

Delete
Delete the vision log data stored in the robot controller.

If you select [Vision Log Menu] on the iRVision utility menu, a menu like the one shown below appears.

Vision Log Menu  EXPORT 1/28
Select date to export:

08-MAY-2009 668.33 KB
2 08-MAY-2009 167.17 KB
3 27-MAY-2009 1711.46 KB
4 28-MAY-2009 902.94 KB
5 01-JUN-2009 .79 KB
6 02-JUN-2009 24028.20 KB
7 16-JUNH-2009 T16.68 KB
8 17-JUN-2009 831.84 HB
9 18-JUN-2009 6.37 KB
10 23-JUN-2009 .10 EB

[ TYPE | INP/EXP | EXPORT | DELETE REFRESH
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11.1.1 Setting the Device

By default, UDL:\VISION\EXLOG\ is set as the external device. You can change the external device path
name by taking the following steps:

1. On the vision log menu, press [NEXT—] and then F4 [DEVICE]. A menu like the one shown below
appears.

stap 1a || pwute
& 1 S| vistow Lz o S asonren (IEEEIR 100%

Enter axternal device path name:

Device : D1:\VISION\EXLOG\

[ TYFE ] | I o | I CANCEL I

N

In [Device], enter a text string that represents the path name of the external device.
3. To save the path name of the external device, press F3 [OK].
To quit changing the external device path name, press F5 [CANCEL].

If the specified path does not exist on the external device, the message [xxx will be made, OK?] appears.
Pressing F4 [YES] creates a directory with the specified path name on the external device.

/A CAUTION

1 An external device that you can specify is a memory card, USB memory device,
or PC share client.

2 Set up a necessary device as appropriate for the export device setting. Under
the default setting, for example, you need to insert a USB memory device into
the robot controller.

11.1.2 Exporting a Vision Log of a Specified Date

To export one day worth of vision log stored in the robot controller to the external device, take the
following steps:

1. Place the cursor on the date of the vision log you want to export.

2. Press F3 [EXPORT] to start the export of the vision log. During the export, a menu like the one
shown below stays displayed.
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Exporting the leog 06-MAY-2009

Please wait .....
{ G01KB/ 6B9KR)

How processing IMGOO00G.PRG

| | | | CINCEL I

3. When the export is complete, the message [Log export succeeded.] appears.

If the external device contains any vision log of the same date, the message [xxx will be overwritten,
OK?] appears. If you press F4 [YES], the vision log of that date is deleted from the external device before
the export begins. If you press F5 [NO], the export is canceled.

To cancel the export, press F5 [CANCEL]. Pressing F5 [CANCEL] displays the prompt [Operation will

be cancelled, OK?]. If you press F4 [YES], the export is canceled. If you press F5 [NO], the export is
continued.

11.1.3 Exporting Vision Logs of All Dates

To export all vision log data stored in the robot controller, take the following steps:

1. Press [F—] and then F2 [ALL EXP]. The export begins.
2. When the export completes, the message [All log export succeeded.] appears.

If the external device contains any vision log of the same date, the message [xxx will be overwritten,
OK?] appears for each date in question. If you press F4 [YES], the vision log of that date is deleted from
the external device before the export begins. If you press F5 [NO], the export is canceled.

To cancel the export, press F5 [CANCEL]. Pressing F5 [CANCEL] displays the prompt [Operation will

be cancelled, OK?]. If you press F4 [YES], the export is canceled. If you press F5 [NO], the export is
continued.

11.1.4 Deleting a Vision Log of a Specified Date

To delete one day worth of vision log on the robot controller, take the following steps:

1. Place the cursor on the date of the vision log you want to delete.

2. Press F4 [DELETE].

3. The prompt [Log xxxx will be deleted, OK ?] appears. If you press F4 [YES], the vision log of the
selected date is deleted. If you press F5 [NO], the deletion operation is canceled.

4. When the deletion operation is complete, the message [Log deletion succeeded.] appears.

To cancel the ongoing deletion operation, press F5 [CANCEL]. The prompt [Operation will be cancelled,

OK?] appears. If you press F4 [YES], the deletion operation is canceled. If you press F5 [NO], the
deletion operation is resumed.
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11.1.5

To delete all vision logs stored in the robot controller, take the following steps:

Deleting Vision Logs of All Dates

1. Press [F—] and then F2 [ALL DEL].

2. The message [All logs will be deleted, OK?] appears. If you press F4 [YES], the deleting all vision
logs is stared. If you press F5 [NO], the deletion operation is canceled.

3. When all vision logs have been deleted successfully, the message [All log deletion succeeded.]
appears.

To cancel the ongoing deletion operation, press F5 [CANCEL]. Pressing F5 [CANCEL] displays the

prompt [Operation will be cancelled, OK?]. If you press F4 [YES], the deletion operation is canceled. If
you press F5 [NO], the deletion operation is resumed.

11.1.6

To import one day worth of vision log exported to the external device, take the following steps:

Importing a Vision Log of a Specified Date

1.  Press F2 [IMP/EXP]. A vision log import menu like the one shown below appears.

o T2 asoeter [EEEE

10%

Vision Log Menu

3  14-AUG-2008

IMPORT 1/3
Select date to import:
R 06-MAT-2003

2 04-AUG-2009

685.95 KB
1431.3% KB
488.83 KB

[ TYFE ] INR/EXP THPORT REFRESH

/A\ CAUTION
This menu does not appear if the specified external device does not contain any
vision log.

2. Place the cursor on the date of the vision log you want to import.
3. Press F3 [IMPORT]. The import begins.
4. When the import is complete, the message [Log import succeeded.] appears.

If the controller contains any vision log of the same date, the message [xxx will be overwritten, OK?]
appears. If you press F4 [YES], the vision log of that date stored in the controller is deleted before the
import begins. If you press F5 [NO], the import is canceled.

To cancel the import, press F5 [CANCEL]. The prompt [Operation will be cancelled, OK?] appears. If
you press F4 [YES], the import is canceled. If you press F5 [NO], the import is continued.

11.1.7

Pressing F5 [REFRESH] refreshes the list of vision logs so as to show the latest information.

Refreshing the display
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11.1.8 File Configuration of the Exported Vision Log

By default, when a vision log is exported, a sub-folder named the export date is created under the
specified external device path, for instance:

UD1:\VISION\LOG\Y08APR10\  ...Vision log for April 10, 2008

Each sub-folder for a specific date contains two types of file - one with the XML extension and the other
with the PNG extension.

XML Vision log text file
.PNG Logged image file

/\ CAUTION
If the directory structure of exported vision log files and logged image files is
changed, or if any of these exported files is renamed, the correspondence
between vision logs and logged images is lost, making it impossible to identify
logged images with dates. When you copy or move an exported vision log or
logged image, do not change the directory structure or file name.

11.2 GRID FRAME SETTING

The grid frame setting function sets the calibration grid frame using a camera. Compared with the manual
touch-up setting method, the function offers a number of merits, including accurate setting of the frame
without requiring user skills, no need for touch-up pointers or to set the TCP for touch-up setting, and
semi-automatic easy-to-do operation.

In grid frame setting, the calibration grid is measured from multiple directions by using a camera and the
measured calibration grid frame is set in the user frame area or tool frame area of the robot controller.

/\ CAUTION

1 The grid frame setting function is usable with 6-axis robots only. The function
cannot be used with 4-axis robots and 5-axis robots.

2 The grid frame setting function cannot be executed with a camera connected to
a VISION board.

3 Only SONY XC-56 camera can be used.

11.2.1 Overview

In the grid frame setting function, the robot holding the camera or the robot holding calibration grid
automatically moves to change relative position and orientation between the camera and the calibration
grid, and find the grid pattern repeatedly. Finally, the position of the calibration grid frame relative to the
robot base frame or the robot mechanical interface frame (the robot face place) is identified. When the
grid frame setting function is executed, a frame is set on the calibration grid, as shown in the following
figure.
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Y

During the measurement, detection results and measurement execution steps are displayed on the vision
runtime display. When the measurement is successfully finished, the robot moves to such a position that
the camera and calibration grid directly face each other and the origin of the calibration grid frame is seen
at the center of the image.

When the calibration grid is secured to a fixed surface
When the calibration grid is secured to fixed surface, a camera mounted on the robot end of arm tooling is
used to measure the position of the calibration grid frame. The grid frame setting function identifies the
position of the calibration grid frame relative to the robot base frame (world), and sets the results in a user
specified user frame.

Plane where a
user frame is to
be set

When the calibration grid is mounted on the robot
When the calibration grid is mounted on the robot, a fixed camera is used to measure the position of the
calibration grid frame. The robot moves the calibration grid within the field of view of the fixed camera.
The grid frame setting function identifies the position of the calibration grid frame relative to the robot
mechanical interface frame (the robot face plate), and the results is written in a user defined user tool.
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Calibration grid plate

Mounting of the calibration grid
When securing the calibration grid to a fixed surface, place the calibration grid at the position where the
camera will be calibrated. When mounting the calibration grid on the robot, attach the calibration grid to
the robot end of arm tooling. In either case, make sure that the calibration grid is fixed securely so that it
does not move during measurement.

TIP
To prevent unnecessary circles from being found, check that the calibration grid
is free of dirt and flaws. Spreading a plain sheet in the background is effective.
Also, make sure to cover the printed text on the calibration grid.

11.2.2 Setting the Parameters

If you select [Grid Frame Set] on the iRVision utility menu, a menu like the one shown below appears.

Eusy |[(eep | | Hald | ‘Fault
0, VISTON LINE 0 BiFg asorTED [JEfHE 100%
oL Teoc

Grid Frame Set 1/10

1 Set UFrame or UTool?: m

2 User Frame Number to set:
3 Camera User Tool Number:
Robot Group Number to Use:
4 Camera Name: Fokkkkxkk
5 Exposure Time: 15.0 ms

e

6 Grid spacing: 15.0 mm
7 Start Position: Not Recorded
8 R Angle Limit: 45.0 deg
9 W Angle Limit: 30.0 deg

[ TYPE ] DISP ING LIVE UTOOL TUFRANE

/A CAUTION
The Grid Frame Set menu cannot be opened in more than one window at a time.

Set UFrame or UTool?
Select the frame to be set with the grid frame setting function - user frame or user tool. To set the user
tool with the calibration grid mounted on the robot, select F4 [UTOOL]. To set the user frame with the
calibration grid secured to a table or other fixed surface, select F5 [UFRAME].

UFrame Number
Specify the number of the user frame to be set. This parameter is used only when [UFRAME] is selected
for [Set UFrame or UTool?]. The range of specifiable user frame numbers is 1 to 9.
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UTool Number
Specify the number of the user tool to be set. This parameter is used only when [UTOOL] is selected for
[Set UFrame or UTool?]. The range of specifiable user tool numbers is 1 to 10.

Camera User Tool Number
Specify the number of the user tool for the work space to be used during calculation. This parameter is
used only when [UFRAME] is selected for [Set UFrame or UTool?]. The user tool you specify here will
be rewritten during the measurement for grid frame setting. The range of specifiable user tool numbers is
1 to 10.

Robot Group Number to Use
Specify the group number of the robot to be used for measurement. For the V7.50P/01, only group 1 is
supported and the group number cannot be changed.

Camera Name
Specify the name of the camera to be used for measurement. Place the cursor on the line of [Camera
Name], press F4 [CHOICE], and select a camera from the pull down menu. If camera setups have yet to
be created, create a camera setup, as instructed in Chapter 5, "CAMERA SETUP", and select the name of

the created camera setup.

F2 DISP_IMG
Pressing F2 [DISP IMG] provides a double-window display, with the vision runtime display (camera
image) shown on the right side.

Busy -- Elelik] Deadman switch released

- 70 _— TRLIN LINE O Tz ABORTED [gufensg)
| 5]
Grid Frame Set 1/10

1 Set UFrame or UTool?: JFDAME
2 User Frame Number to set: 1

3 Camera User Tool Humber: 1 . L
Robot Group Mumber to Use: 1 ® o 0 00 0 0 0 ®
4 Camera Name: GRIDCAN
E Exposure Time: E.0 ms o 0 0 0 00 0 00
6 Grid Spacing: 15.0 mm
7 Start Position: Recorded LB . o000
8 R Angle Limit: 45.0 deqg o0 0 0
8 W ingle Limit: 30.0 deqg . LA
10 P Angle Limit: 30.0 deg e 0 . . (AR N
000000 00
00000000
000000 00
000000 00

|E_| [ TYPE ] | DISP IHG | LIVE | UTOOL UFRALHE |

F3 LIVE
Pressing F3 [LIVE] displays the live image of the selected camera on the vision runtime display, as the F3
label changes to [STOPLIVE]. If you press F3 [STOPLIVE], the display of the live image is stopped and
the F3 label returns to [LIVE].

F4 FIND

Pressing F4 [FIND] detect the calibration grid for a trial. The found result is displayed on the vision
runtime display.
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Exposure Time
Specify the exposure time for the camera to capture an image. Adjust the exposure time so that the black
circles of the calibration grid are clearly visible.

Grid Spacing
Set the grid spacing of the calibration grid in use.

Start Position
Teach the position where measurement is to be started. To teach the start position, take the following
steps:

1.  Move the cursor to [7 Start Position].

sy (R FNLETE Deadman switch released

— 2
0 mram Liwe o 1z aporTED [N 10%

Grid Frame Set 7/10
1 Set UFrame or UTool?: UFRAME
2 User Frame Number to set: 1
3 Camera User Tocl Number: 1

Robot Group Number to Use: 1
4 Camera Name: GRIDCAM
5 Exposure Time: 5.0 ms
6 Grid Spacing: 15.0 mm
7 Start Position:
8 R Angle Limit: 45.0 deg
9 W Angle Limit: 30.0 deg
10 P Angle Limit: 30.0 deg

[ TYPE ] | DISP ING | POSITION | RECORD | NOVE TO | >

2. Jog the robot so that the camera's optical axis is approximately perpendicular to the plate surface of
the calibration grid and that all of the four large black circles of the calibration grid are inside the
camera's field of view. The distance between the calibration grid and the camera should be
appropriate for the grid to come into focus, which is, under normal circumstances, roughly the same
as the distance at which camera calibration is performed.

Camera field of view

£

3. Press SHIFT and F4 [RECORDY] at the same time to record the start position. When the start position
is recorded, the label changes to [Recorded].

To check the trained start position, press F3 [POSITION]. The value of each axis of the start position is
displayed, as shown below. To return to the previous menu, press PREV.
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EEURNE Deadman switch released

TRADN L1 oI 10%
wn | 170 | proa TRAIN LINE O T2 ABORTED

Grid Frame Set

Start position

Jl -16.096 deg J4 18.079 deg
J2 -39.152 deg J5 -0.000 deg
J3 -50.850 deg J6 -116.766 deg

[ TYPE ] | | | RECORD | NOVE TO |

To move the robot to the start position, press SHIFT and F5 [MOVE TO] at the same time.

Operation range
During measurement, the robot automatically moves within the range specified by parameters. To prevent
the robot from interfering with peripheral equipment, make sure that there is a sufficient operation space
around the measurement area. When the default settings are used, the robot makes the following motions:

Move £100 mm horizontally in the X, Y, and Z directions

Rotate by +45 degrees around the camera's optical axis

Rotate at +30-degree inclination (WP) relative to the camera's optical axis at the robot start position
Rotate at £30-degree inclination (WP) relative to the camera's optical axis at the position where the
camera directly faces the calibration grid

If the operation range defined by the default settings cannot be secured, you can make the operation range
smaller by changing the parameters such as [R Angle Limit], [W Angle Limit], and [P Angle Limit]. Note,
however, that the precision of grid frame setting depends on the amount of motion at the time of
measurement. A smaller operation range can lead to lower measurement precision. It is therefore
recommended that measurements be made using a range as close to the default operation range as
possible.

Value initialization

If you press [NEXT—] and then F2 [DEFAULT], the set values are initialized. Note that [Camera Name]
and [Start Position] are not initialized; set these parameters again individually.
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11.2.3 Run Measurement

Pressing SHIFT and F5 [EXECUTE] at the same time starts measurement, causing the robot to start
moving. During execution watch image displayed and verify that there are no improperly found
calibration grid circles.

70 _— TRLIN LINE O Tz ABORTED [gufensg)
O pderch02é - iRVision - Puntine D

Grid Frame Set

Now executing

eHL.C B e o
eeo0o0e s
oo oo
o 0o

© ® ® © 0 @ 0 @ &
© 0 © © ® 0 & 0 0 @

| I —

1

2

/\ CAUTION

Releasing SHIFT while measurement is in progress stops the measurement. In
that case, perform the measurement again.

During measurement, if you perform any operation intended to move to another
menu, such as pressing SELECT, the measurement is stopped. In that case,
visit the Grid Frame Set menu again and perform the measurement again.

The robot usually performs operations within an expected range according to the
parameter setting. However, the robot can make a motion beyond an expected
range, depending on the parameter setting. When running the Grid Frame Set,
check that the related parameters are set correctly and decrease the override to
30% or less to ensure that the robot does not interfere with peripheral
equipments.

If another program is paused, the Grid Frame Set may not be able to move the
robot. In that case, abort all the programs using the FUNC menu.
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When the measurement is successfully completed, a menu like the one shown below appears. The robot
stops after moving to a position where the camera directly faces the calibration grid and the origin of the
calibration grid comes to the center of the image.

- 70 _— TRLIN LINE O Tz ABORTED

I O pderch02é - ilVision - Puntine D
Grid Frame Set

JOIN

Execution of Grid Frame Set
succeeded.

Frames updated.

e o0 © ® 0 © & @
© e ® 09 20 0 o
© 0 @ ® © © @ 0 o
© 0 & 2 © 0 & 0 @
@ 0 © © © 0 9 © O
e 0 © o ® 0 0 & o

] | |

TIP
You can confirm that the frame is set accurately with the following procedures.
First, change the manual-feed coordinate system to the measured frame. When
you set a user tool with Grid Frame Setting, change the manual-feed coordinate
system to the user tool. When you set a user frame, change the manual-feed
coordinate system to the user frame, and then select the user tool selected as
“Camera User Tool Number” in the Section 11.2.2.
Next, start the live image display and jog the robot around the X-, Y- and Z-
axes. If the frame is set accurately, the center grid of the gird pattern will keep
appearing at the center of the image.

If the measurement is fails, a menu like the one shown below appears. In that case, press F4 [OK] to
return to the previous menu. Then, change the parameters as appropriate and perform the measurement
again. After changing the parameters, pressing SHIFT and F5 [RUN] at the same time starts the
measurement again from th%;inning.
[Ro |

Busy CVIS-02Z0 Big circles cannot be distingui

- . _ TRAIN LINE O TzZ ABORTED [pjeiii)
I O pdercb0Z& - ilVision - Funtime D

Grid Frame Set

Execution of Grid Frame Set
was sborted.

Please fix the problem and run
Grid frame Sat again.

& o ® 0 = = 0 0 =
® 0 s 0 0 &
® % 2 S OO0 S &0
S S 0 0 0 = s 00

Ll |
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11.2.4 Troubleshooting

If the Grid Frame Set does not operate as expected, first check the information provided here.

[CVIS-020 Big circles cannot be distinguished] is issued.
This alarm is posted when the four large black circles of the calibration grid could not be detected.
Detection of large black circles failed because of an improper exposure time, or an object other than a
grid point was detected. The vision runtime display shows the image when a measurement failed. Check
the image and adjust the shooting condition.

[CVIS-015 Too few calibration points] is issued.
This alarm is posted when the number of grid points of the calibration grid detected during measurement
is less than 4. Check whether the grid points are contained in the camera's visual field when the robot is
placed at the measurement start position, whether the exposure time is proper, and whether the camera
port number is correct. This alarm is posted also if a measurement is made when the camera is disabled
for hardware trouble.

The program was terminated abnormally with an error.
If an error occurs, the program is terminated forcibly. Modify the setting to enable correct measurement
then execute the program from the beginning.

11.3 ROBOT-GENERATED GRID CALIBRATION

Robot-Generated Grid Calibration is a type of general-purpose camera calibration function similar to Grid
Pattern Calibration. Compared to grid pattern calibration, this calibration function is suitable for
calibrating a camera with a wide field of view.

11.3.1 Overview

The function moves the target, mounted on the robot end of arm tooling, in the camera's field of view to
generate a virtual grid pattern for camera calibration. Unlike Grid Pattern Calibration, this calibration
method does not require a calibration grid as large as the camera’s field of view and is therefore suitable
for calibrating a wide-view-angle camera. Also, since it performs 2-plane calibration, the calibration
method enables you to accurately calculate the position of the camera and the focal distance of the lens in
use. The robot automatically moves and measures the position of the target and the size of the camera's
field of view.

Robot-Generated Grid Calibration calibrates a fixed mounted camera. The target should be mounted on
the robot end of arm tooling so that the arm does not get in the camera's field of view.

- 380 -



B-82774EN/04 11.UTILITY MENU

The procedure for robot-generated grid calibration is outlined below.

1. Create Robot-Generated Grid Calibration data on the camera calibration tools page on the PC or
laptop. Setup the robot generated grid calibration data by selecting the camera to be calibrated,
teaching the measurement start position, and training the locator tool to find the target mark.

2. Measure the position of the target mounted on the robot end of arm tooling.

3. Measure the size of the camera’s field of view, and generate a calibration program.

4.  Execute the generated calibration program to calibrate the camera.

As long as the position of the target mounted on the robot end of arm tooling is not changed, you can
re-calibrate the camera only by taking the step 4.

11.3.2 Structure of the Menus

Here, the menu structure of Robot-Generated Grid Calibration is first described.

11.3.2.1 Main Menu

If you select [Robot-Generated Grid Calibration] in the iRVision utility menu, a menu like the one shown
below appears. This is the main menu for Robot-Generated Grid Calibration.

EEVEREE Deadman switch released
o
TRAIN LINE 0 Tz ALBORTED [fafsisil 10%

Robot-Generated Grid Calibration 1/3

1 Calibration Data :
2 Target Position : Not Recorded
3 Program Generaticn

[ TYPE ] DISP_ING DETLIL [CHOICE]

/N\ CAUTION
Robot-Generated Grid Calibration menu cannot be opened in more than one
window at a time.

Calibration Data
Select a camera calibration. Place the cursor on this line and press F4 [CHOICE]. A camera calibration
list is displayed. From this list, select the camera calibration you want to train. Pressing F3 [DETAIL]
with the cursor placed on this line lets you view the details of the currently selected camera calibration.

Target Position
This item indicates whether the position of the target mounted on the robot end of arm tooling has been
recorded. If the position of the target has been recorded, [Recorded] is displayed. Otherwise, [Not
Recorded] is displayed. Pressing F3 [DETAIL] with the cursor placed on this line lets you view the
position information of the recorded target. If you place the cursor on this line and press SHIFT and F5
[RUN] at the same time, the robot moves and measures the position of the target.
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Program Generation
Generate a TP program for camera calibration. If you place the cursor on this line and press SHIFT and
F5 [RUN] at the same time, the robot moves and measures the size of the camera's field of view to
generate a calibration program automatically.

F2 DISP_IMG
Pressing F2 [DISP_IMG] shows the menu for Robot-Generated Grid Calibration and the vision runtime
display in a double-window display, as shown below.

Eik] Deacdwan switch released
TRAIN LINE 0 Tz ABCRTED JRileisiny

O| pderch026 - ilVision - Puntime D

Robot-CGenerated Grid Calibration E/2

1 Calibration Data
2 Target Poszition
3 Program Generation

E_l [ TYPE ] | DISF_IMG | POSITION

11.3.2.2 Calibration Data Menu

If you press F3 [DETAIL] with the cursor placed on [Calibration Data] in the main menu for
Robot-Generated Grid Calibration, a menu like the one shown below appears. This menu displays what
has been set in the Robot-Generated Grid Calibration setup page on PC. Normally, there is no item you
need to set on this menu.

| Deadwan switch released
TRAIN LINE 0 Tz ABCRTED JRileisiny

O pderch02é - iRVision - Puntine D

Robot-CGenerated Grid Calibration 142

1 Camera Calibration :

Camera H CAMERAZ
Robot-mounted : NO
2 Application UFrame H 1
3 Plane Spacing [mm] H 100,000
4 BStart Position : Recorded
5 UTool for work space : El
& Num. 0f Grid (Cel.) = ?
7 HNum. 0f Grid (Row H ?
8 Program Name H CCRG

[CHOICE]

I!_l [ TYPE ]
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Calibration Data
The name of the selected camera calibration is displayed. Pressing F4 [CHOICE] with the cursor placed
on this line shows a list of camera calibration that you can select. From this list, you can select a camera
calibration you want to teach.

Camera Setup
The name of the camera specified in the selected camera calibration is displayed.

Robot-mounted
[NO] is displayed if the camera is secured to a fixed surface, or [YES] is displayed if it is mounted on the
robot end of arm tooling.

/N\ CAUTION
For V7.50P/01, Robot-Generated Grid Calibration does not support a
robot-mounted camera.

Application Frame
The number of the application user frame specified in the selected camera calibration is displayed. In the
case of 2D application, the XY plane of the application user frame needs to be parallel to the plane where
the workpiece is to be offset.

Start Position
This item indicates whether the measurement start position is recorded in the selected camera calibration.
If the start position is recorded, [Recorded] is displayed. Otherwise, [Not Recorded] is displayed. Pressing
F3 [POSITION] with the cursor placed on this line displays the start position menu.

UTool for Work Space
Robot-Generated Grid Calibration uses a user tool for the work space when measuring the position of the
target or generating a calibration program. Here, specify the number of the user tool for the work space.
Since the function conducts the measurement as it rewrites the values of the specified user tool, specify
the number of a user tool whose values can be changed without causing any problem.

Num. of Grid (Column)
Specify the number of grid points of the grid pattern that the robot draws by moving the target. Here, set
the number of grid points to be created in the horizontal direction of the image.

Num. of Grid (Row)
Specify the number of grid points of the grid pattern that the robot draws by moving the target. Here, set
the number of grid points to be created in the vertical direction of the image.

Program Name

Specify the name of the calibration program to be generated. By default, this program name is the same as
the name of the selected camera calibration. Normally, you do not need to change the default name.
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11.3.2.3 Target Position Menu

If you press F3 [POSITION] with the cursor placed on [Target Position] in the main menu for
Robot-Generated Grid Calibration, a menu like the one shown below appears.

O pderch02é - iRVision - Puntine D

m_l [ TYPE ] |

11.3.2.4 Start Position Menu

If you press F3 [POSITION] with the cursor placed on [Start Position] in the calibration data menu, a
menu like the one shown below appears.

§] Deadwan switch released
TRAIN LINE 0 Tz ABCRTED JRileisiny

O| pderob0zé - iBVision - Puntine D

Robot-CGenerated Grid Calibration 142

Start Position
t pCy

Jl: 5.652 J4: -0.007
Jz: 43.891 JE: -15.464
J3:  -74.547 J&: -138.498

RECORD MOVE TO

m_l [ TYPE ] | |

F4 RECORD
If you press SHIFT and F4 [RECORDY] at the same time causes the current robot position to be recorded
as the measurement start position. The position is recorded in the joint format.

F5 MOVE_TO

If you press SHIFT and F4 [MOVE_TO] at the same time moves the robot to the currently recorded
measurement start position.
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11.3.3 Performing Calibration

Perform Robot-Generated Grid Calibration.

11.3.3.1 Selecting and Mounting the Target

Select the target mark to be used for calibration.

Geometry of the target
The target must meet the following conditions:
e  The features to be taught are on the same one plane.
e  The target has a geometry for which any rotation of +45° or so can be identified.
e  The target has a geometry whose size can be identified.

Examples of appropriate target geometries:

D & ©

Examples of inappropriate target geometries:

O

The rotation angle cannot be identified. The size cannot be identified.

Size of the target

Make sure that the size of the target, when captured as an image, is 80 to 100 pixels in both vertical and
horizontal directions. For example, when the camera'’s field of view is about 900 mm (8-mm lens; distance
between camera and target is 2000 mm or so), prepare a target that is 120 to 160 mm in diameter.

Mounting the target

Mount the target at the robot end of arm tooling. Make sure that the target does not get behind the robot
arm or the tooling even when the robot moves in the camera's field of view.

/A\ CAUTION

Make sure that the target is fixed securely to the robot end of arm tooling so that
it remains in place while the robot moves.

TIP

1 Normally, the robot position and posture are set so that the range of robot
motion becomes maximal when the robot actually operates. Therefore, mounting
the target so that it can be captured by the camera when the robot is in a posture
that it takes during operation makes it easier to secure the range of robot motion.
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TIP

2 Positioning pins or other appropriate means may be used so that the target can
be mounted at the same position for each measurement. This way, a robot
program generated for a previous calibration operation can be used for
re-calibration.

11.3.3.2 Setting the Location Parameters

On the iRVision setup page of the PC, set the parameters for finding the target. If you open the
Robot-Generated Grid Calibration setup page, a page like the one shown below appears.

Set the following parameters:

Camera Setup

Select the camera to be calibrated. When you select a camera, the corresponding camera positioning
state is displayed to the left of the drop-down box.

Exposure Time
Set the exposure time to make sure that the target is detected easily. The exposure time you specify here

is used only for calibration. For details of the individual items to be set, see Subsection 4.12.10, "Setting
an Exposure Mode".

Robot to be offset
Specify the motion group number of the robot to be offset.

/A CAUTION
This calibration function can be used only for group 1 of the controller to which
the camera is connected.

Application User Frame
Specify the application user frame to be used for robot compensation. When camera calibration is
performed for the user frame 1, for example, a vision process that uses this camera calibration calculates

offset data represented in the user frame 1. Therefore, robot motion offset is performed based on the user
frame 1.
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In 2-D applications, the XY plane of the application user frame must be parallel to the target workpiece
plane. Examples are given below.

‘Camera
' Camera \
w00
’ el [T
I I z App. Frame
App. Frame ~

h‘@

X
X .

N

When the workpiece moves horizontally When the workpiece moves on a slanting plane:

/A\ CAUTION
The application user frame must be set before the camera calibration is
performed. If the application user frame is changed after calibrating the camera,
calibrate the camera again.

Target Held By Robot

The target positioning method information necessary to calibrate the currently selected camera is
displayed. [Yes] is shown if the camera is a fixed camera, and [No] is shown if the camera is a
robot-mounted camera.

Image Logging Mode

Specify whether to save logged images when performing calibration.

Plane spacing

Specify the spacing between calibration planes 1 and 2. An optimal calibration plane spacing is 10% of
the spacing between the camera and calibration plane 1. If you enter a positive value when the Z-axis of
the application user frame is directed toward the camera, or if you enter a negative value when the Z-axis
is in the opposite direction, calibration plane 2 is located closer to the camera relative to calibration plane
1. This reduces the risk of the robot interfering with peripheral equipment when moving.

Start Position

Teach the measurement start position. This start position should be set so that the target mounted on the
robot end of arm tooling comes roughly at the center of the camera’s field of view. The height of the start
position is equal to that of the calibration plane 1. During camera calibration, the robot moves in parallel
to the XY plane of the application user frame, while maintaining the posture it takes at the start position.
Jog the robot to a place that is appropriate as the start position, and press the RECORD button to record
the start position.
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l Camera
/// \‘\\
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Calibration

_—"\\/Plano 2

/
/

Calibration
Plane 1

Start Position

Application User Frame

Teaching the locator tool
Teach the model pattern of the target in the locator tool setup page.

1.

2.
3.
4

oo

Move the robot to the recorded start position.

In the tree view, choose the GPM locator tool.

Enclose the target on the image by a rectangle, and teach the model pattern.

Check the [Training Stability] items of the model pattern to see if [Good] is shown for [Location],
[Orientation], and [Scale], respectively. If [None] is shown for any of these items, calibration cannot
be performed properly. In that case, use a different shape of target mark.

Set the range of [Angle] to be searched to +30°.

Check the [Scale] check box, and set the range of [Scale] to be searched to 95% to 120%. If the
plane spacing has been changed, change the maximum value to an appropriate value.

Enable the [Aspect Ratio] search in the same way, and set the range of [Aspect Ratio] to be searched
to 90% to 100%.

For details of the individual items to be set for the GPM locator tool, see Section 8.1, "GPM LOCATOR
TOOL".

TIP

The trained rectangle in step 3 should not be unnecessarily larger than the area
of the target mark. The robot moves the target mark keeping the trained
rectangle within the search area. So the larger the trained rectangle is, the
smaller the target mark displacement range is, therefore more likely to decrease
the accuracy of the camera calibration.

11.3.3.3 Measuring the Target Position

Measures the position of the target mounted on the robot end of arm tooling.

6-axis robot
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slfelilik] Deacdwan switch released
TRALIN LINE 0 TZ ABORTED JRUedRy

Toary 1/0 Prod

O pderch02é - iRVision - Puntine D
RBobot-Generated Grid Calibration Z/3

1 Calibration Data H CCRG
2 Target Poszition Mot Decorded
3 Program Generation

|E_| [ TYPE ] | DISP_IHG | POSITION | RUN |

A 6-axis robot can measure the position of robot-mounted target mark by vision.

Visit the main menu for Robot-Generated Grid Calibration on the teach pendant.

Place the cursor on [Calibration Data], press F4 [CHOICE], and select a camera calibration.
Place the cursor on [Target Position].

Enable the teach pendant, and clear the alarm.

arwOE

down SHIFT while the measurement is in progress.

Press SHIFT and F5 [RUN] at the same time to measure the position of the target. Keep holding

6. When the measurement is complete, the robot stops and the message [Measurement is successfully

finished.] appears on the screen.
7. Press F4 [OK] to return to the main menu.

If the last target position measurement was aborted before completion, the message [Are you sure to
resume?] appears when you attempt to perform the target position measurement again. To resume the
measurement, press SHIFT and F4 [Resume] at the same time. To restart the measurement from the

beginning, press SHIFT and F5 [Restart] at the same time.

/A\ CAUTION
If the camera calibration setup page is opened on the PC, Robot-Generated Grid
Calibration cannot perform the measurement. Make sure that the setup page of
the PC is closed. You can see the status of the measurement using the vision
runtime display.

TIP
When the field of view contains some area that the robot cannot reach, the robot
sometimes cannot measure the target mark position by vision. In this case, you
can set the target position by the same steps as a 4- or 5-axis robot.

4- or 5-axis robot
A 4- or 5-axis robot cannot use vision-based measuring. Train the position of the target mark manually.

1. Place the cursor on [Target Position], press F3 [POSITION], and display the detail of the target

position.
2. Input X, Y and Z to the position of the target mark.
3. Input W, P and R to zero.
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== [
JOIN
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Robot-Generated Grid Calibration 1/3

Measure 4 Target Dosition

X w 0.000

T: 0.000 P: 0.000

z:  100.000 o 0.000

B

TIP
The target position should correspond to the model origin trained in Section
11.3.3.2, “Setting the Location Parameters”. If the positions are different, the
camera cannot be calibrated properly.

11.3.3.4 Generating a Calibration Program

Measures the size of the camera's field of view, and generate a calibration program.

Eusy -- Elfeiik] Deadman switch released

- 70 _— TRLIN LINE O Tz ABORTED JRieizyny

I O| pderob0zé - iBVision - Puntine D
Robot-CGenerated Grid Calibration 32/2

1 Calibration Data H CCRG
2 Target Poszition : Recorded

|ﬁ_| [ TYPE ] | DISP_IHG |

1. Visit the main page for Robot-Generated Grid Calibration on the teach pendant.

2. Place the cursor on [Calibration Data], press F4 [CHOICE], and select a camera calibration.

3. Place the cursor on [Program Generation].

4.  Enable the teach pendant, and reset the alarm.

5. Press SHIFT and F5 [RUN] at the same time to generate a calibration program automatically. Keep
holding down SHIFT while the measurement is in progress.

6. When the measurement is complete, the robot stops and the message [Measurement is successfully

finished.] appears on the screen.
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7. Press F4 [OK] to return to the main menu.

If the last program generation process was aborted before completion, the message [Are you sure to
resume?] appears when you attempt to generate a program again. To resume the process, press SHIFT and
F4 [Resume] at the same time. To restart the process from the beginning, press SHIFT and F5 [Restart] at

the same time.

/A\ CAUTION
If the camera calibration setup page is opened on the PC, Robot-Generated Grid

Calibration cannot perform the measurement. Make sure that the setup page of
the PC is closed. You can see the status of the measurement using the vision
runtime display.

The way to limit the target displacement range
In order to avoid the interference with peripheral equipment, you can limit the target displacement range.

Open the camera calibration setup page on the PC and chose GPM locator tool in the tree view.
Shrink the search window and omit the area that the interference occurred.

Save the camera calibration.

Generate a calibration program again.

N -

Program generation without robot motion
You can also generate a calibration program without robot motion.

1. Move the target mark to the center of FOV and train a start position.
2. Create the following program.

1: CALL IRVRGPRM (' RG_GRD_SPC’, 30)
2: CALL IRVRGPRM (' RG_FORCEGEN', 1)
3: CALL IRVRGGTP

3. Set the grid intervals to the second argument of IRVRGPRM at the first line, in millimeters.
4. Run the above program. The robot moves to the start position and finds the target once. After that,
the calibration program is generated.

In the generated program, the center of the grid pattern is equal to the start position.

/N CAUTION
It is possible for a generated calibration program to have some measuring

positions that causes the target or the robot to interfere with peripheral
equipment. Please run the calibration program at low speed to ensure safety.

Calibration program
The generated calibration program is like the one shown below. All the robot positions in the calibration

program are taught in the joint format.
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1: UFRAME_NUM=2
2: UTOOL_NUM=2
3:L P[1] 1000mm/sec FINE
4: VISION CAMREA_CALIB 'CALIB1' REQUEST=1
5:L P[1001] 2000mm/sec FINE
6: CALL IRVBKLSH(1)
7: VISION CAMERA_CALIB 'CALIB1' REQUEST=1001
8:L P[1002] 1000mm/sec FINE
9: CALL IRVBKLSH(1)
10: VISION CAMERA_CALIB 'CALIB1' REQUEST=1002

(Repeat as many times as the number of points)

293:L P[2048] 1000mm/sec FINE

294: CALL IRVBKLSH(1)

295: VISION CAMERA_CALIB 'CALIB1' REQUEST=2048
296:L P[2049] 1000mm/sec FINE

297: CALL IRVBKLSH(1)

298: VISION CAMERA_CALIB 'CALIB1' REQUEST=2049
299:L P[2] 1000mm/sec FINE

300: VISION CAMERA CALIB 'CALIB1' REQUEST=2

The section of the program that finds an individual calibration program consists of the three lines shown
below. This set of three lines is repeated in the middle of the calibration program above.

5:L P[1001] 2000mm/sec FINE
6: CALL IRVBKLSH(1)
7. VISION CAMERA CALIB 'CALIB1' REQUEST=1001

Each command in the program is briefly explained below.

4: VISION CAMREA_CALIB 'CALIB1' REQUEST=1

If you specify 1 in the request code of the CAMERA_CALIB command, all the calibration points in the
specified camera calibration are deleted. This is the first command to be executed in the calibration
program.

300: VISION CAMERA_CALIB 'CALIB1' REQUEST=2

If you specify 2 in the request code of the CAMERA_CALIB command, camera calibration data is
calculated using the found calibration points. This is the last command to be executed in the calibration
program.

7: VISION CAMERA_CALIB 'CALIB1' REQUEST=1001

If you specify 1000 or a larger value in the request code of the CAMERA_CALIB command, the program
attempts to find a calibration point. The value specified in the request code is recorded as the index of the
calibration point, along with the found position.

In an automatically generated calibration program, 1000 to 1999 represent the calibration points on
calibration plane 1, and 2000 to 2999 the calibration points on calibration plane 2. Note also that the
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index of the position data of the preceding motion statement is the same as the request code that is passed
to the CAMERA_CALIB command.

Calibration points do not necessarily need to be found in the order of request codes. If a calibration point
is found twice with the same request code, the data of the calibration point that is found first is
overwritten by the data of the calibration point found later.

6: CALL IRVBKLSH(1)

If the KAREL program IRVBKLSH.PC is called, the robot performs an operation intended to remove the
backlash effect at its current position. As the argument, specify the motion group number of the robot that
performs the backlash removal operation.

11.3.3.5 Executing the Calibration Program

Select the automatically generated calibration program in the SELECT menu, and play it back from the
first line to calibrate the camera.

/N CAUTION
If running the program as is can cause interference, use lower override values.
In this case, execute the program while making sure that no interference occurs
during operation.

Each calibration point in the automatically generated calibration program can be re-taught or deleted as
necessary.

If there is any calibration point that causes the robot to interfere with peripheral equipment, re-teach that
point to move it to a position where it does not cause interference, or delete the calibration point. When
deleting a calibration point, delete not only the motion statement but also the lines of IRVBKLSH and the
CAMERA_CALIB command that are executed after the motion statement.

If there is any calibration point that hinders the robot operation because it is near singularity, re-teach that
point to move it to a position where it can avoid singularity, or delete the calibration point. When deleting
a calibration point, delete not only the motion statement but also the lines of IRVBKLSH and the
CAMERA_CALIB command that are executed after the motion statement.

When re-teaching a calibration point, you may place the target closer to or further away from the camera
within a range in which the camera lens remains in focus.

/A\ CAUTION
The calibration program does not stop even if the target fails to be found or it is
found incorrectly during the program execution. After the program ends, open
the robot-generated grid calibration setup page on the PC and check to see if
there is any point incorrectly found.

TIP
As long as the position where the target is mounted remains unchanged, you
can re-calibrate the camera simply by executing an existing automatically
generated calibration program.
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11.3.3.6 Checking Calibration Points

Check the calibration points that have been found. Open the Robot-Generated Grid Calibration setup page
on the PC and click the [Points] tab. A page like the one shown below appears.

o - iVision - GRID Setup - Microsoft Internet Explorer
3 robot? - iRvisi GRID Setup - Mic: 11 Ik 1 Explo
100w Vision Tools

o] + | S| x| a) & e ] = ]

The image has a blue crosshair plotted on each calibration point in calibration plane 1 and a purple
crosshair plotted on each calibration point in calibration plane 2, at the center of each circle that has been
found. A calibration point number is shown at the lower right of each crosshair. A red crosshair shows the
3D position of an individual circle that is obtained by projecting the circle onto the image by means of the
calculated calibration data. Since blue and purple crosshairs are plotted after red crosshairs, a red
crosshair is not visible if a blue or purple crosshair and a red crosshair are plotted at the same position.

Vt, Hz
The coordinate values of the found calibration points on the image are displayed.

X, Y, Z
The coordinate values of the grid points on the calibration grid frame are displayed.

Error
The distance between the centers of the blue/purple crosshairs and red crosshairs plotted on the image is
displayed. A smaller value indicates more accurate calibration.

Deleting a calibration point
If a crosshair is displayed at a location where no grid point is present, enter the index number of that point
in the text box to the left of the [Delete] button and then click the [Delete] button. The specified point is
deleted from the list, and the calibration data is automatically recalculated.
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11.3.3.7 Checking Calibration Data

Check that the calibration has been performed properly. Open the Robot-Generated Grid Calibration
setup page on the PC and click the [Data] tab. A page like the one shown below appears.

3 robol1 - iW¥ision - GRID Setup - Microsoft Internet Explores | ](=1]:]

RONOT . . i 100%| Vision Tools
il + | 5@ x|e|@la) &% s ] L= [B]

Samp

Focal Distance
The calculated focal distance of the lens is displayed. Check that the value is appropriate for the lens in
use.

Lens Distortion
The calculated lens distortion coefficient is displayed. A larger absolute value indicates greater lens
distortion. Generally, lenses with shorter focal distances are said to have greater distortion. Grid pattern
calibration returns accurate coordinates by using this calculated lens distortion when accurately
converting the image frame to the robot frame.

Magnification
The size of a pixel in millimeters on calibration plane 1 is displayed. The value indicates how many
millimeters are equivalent to a pixel on the image. If the calibration plane is not vertical to the optical axis
of the camera, the magnification near the center of the image is displayed.

Aspect Ratio
Check that the aspect ratio of the image is near 1.

Average Error
Check that the average error value is small. The average error can differ depending on various factors but
should be not greater than 1 pixel at most.

Maximum Error
Check that the maximum error value is small. The maximum error can differ depending on various factors
but should be not greater than 2 pixels at most.

Extent of the calibration point height

Check that the extent of the calibration point height matches the specified calibration plane spacing.
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Position of Fixed Camera Relative to Application User Frame
Check that the position of the fixed camera relative to the user frame to be used for offsetting has been
calculated correctly.

11.3.3.8 Alarm Messages

This section provides cause and remedy when you see an alarm message during measuring target position
and/or generating a calibration program.

Robot Timeout : Err = ****
[Cause]
The robot did not move the target mark to the desired position in time.
[Remedy]
Take one of the following actions:
e  Adjust GPM locator tool to find the target mark.
e  Make sure that the robot’s mastering is correct.

Fail to calc inv mat
[Cause]
Some parameters for measuring the target position could not be calculated.
[Remedy]
Adjust GPM locator tool to find the target mark.

ERROR at vtcpset_k
[Cause]
Measured target position is not recorded because the vision data file is already opened for writing.
[Remedy]
Close the setup window for this vision data file.

Zero division
[Cause]
Zero division occurred.
[Remedy]
Enable DOF of aspect ratios in the setup page for GPM locator tool.

Configuration mismatch
[Cause]
Configuration of selected camera is not supported.
[Remedy]
Select camera data for fixed camera.

Error in rg_startup
[Cause]
The robot cannot start to generate a calibration program.
[Remedy]
Take one of the following actions:
e  Make sure to select a camera setup in the setup page for robot-generated camera calibration.
e  Make sure to train an initial position.
e  Make sure to set an application user frame.

Jacobian matrix calculation error
[Cause]
Some parameters for measuring the target position could not be calculated.
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[Remedy]
Adjust GPM locator tool to find the target mark.

1st plane corner detection error
[Cause]
One of four corners on the first calibration plane cannot be detected.
[Remedy]
Adjust GPM locator tool to find the target mark.

2nd plane corner detection error
[Cause]
One of four corners on the second calibration plane cannot be detected.
[Remedy]
Adjust GPM locator tool to find the target mark.

Fail to calc inv mat (do_cal_mat)
[Cause]
Some parameters for measuring the target position could not be calculated.
[Remedy]
Adjust GPM locator tool to find the target mark.

Robot can not move to
[Cause]
The robot cannot move the target mark to the specified position by visual feedback.
[Remedy]
Take one of the following actions:

Adjust GPM locator tool to find the target mark.
Make sure that the robot’s mastering is correct.

Too large model is trained
[Cause]
The trained model pattern of GPM locator tool is too large.
[Remedy]
Use a smaller target mark the size of which is 10% to 20% with reference to that of the search window.

Error is occured on moving to jacob calc position
[Cause]
The robot did not move the target mark to the desired position.
[Remedy]
Adjust GPM locator tool to find the target mark.

Rough Jacob calc error
[Cause]
Some parameters for measuring the target position could not be calculated.
[Remedy]
Take one of the following actions:

Adjust GPM locator tool to find the target mark.

There is a possibility that the camera field of view is smaller than the minimum displacement of the
target mark and the robot will move the target mark out of the field of view. Expand the field of
view. If it is hard to change the field of view, you need to calibrate the camera by Grid Pattern
Calibration.

Error is occured on moving to a center of search area
[Cause]
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Some parameters for measuring the target position could not be calculated.

[Remedy]
Adjust GPM locator tool to find the target mark.

Jacobian matrix semi-fine cal error
[Cause]

Some parameters for measuring the target position could not be calculated.

[Remedy]
Adjust GPM locator tool to find the target mark.

Target is never found
[Cause]
The target mark could not be found.
[Remedy]
Adjust GPM locator tool to find the target mark.

lllegal motion group number
[Cause]
Illegal motion group number is used.
[Remedy]
Select a correct motion group number.
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12 CALIBRATION GRID

This chapter provides information about a calibration grid used for iRVision camera calibration.

12.1 CALIBRATION GRID

iRVision performs camera calibration by using a calibration grid on which a predetermined pattern is

drawn. When a grid as shown below is viewed through the camera, iRVision will automatically recognize

the positional relationship between the calibration grid and the camera, lens distortion, focal distance, etc.
Y

ﬂ
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All of the black circles are arranged so that they are uniformly spaced horizontally and perpendicularly.
Four larger black circles placed in the vicinity of the center indicate the origin and directions of a
coordinate system as shown. The ratio of the diameter of a large circle to that of a small circle is about
10:6.

The grid points at the center and the four corners contain a white circle with a diameter of 1 mm. These
white circles are used when a coordinate system is set up by touching up them with the TCP of the robot.

12.2 CALIBRATION GRID FRAME

The calibration grid might be secured to a table or another place or mounted on the robot end of arm
tooling according to the applications. In either case, when camera calibration is performed, it is necessary
to set information about the installation position of the calibration grid as viewed from the robot. That
information is called the calibration grid frame. This section describes how to teach the calibration grid
frame.

When the calibration grid is mounted to a fixed surface, the position of the calibration grid frame relative
to the robot base frame should be set in the user frame area. On the other hand, when the calibration grid
is mounted on a robot, the position of the calibration grid frame relative to the robot mechanical interface
frame (robot face plate) should be set in the user tool area.

Two methods of setting the calibration grid frame are available: With one method, the calibration grid
frame is set by physically teaching the calibration grid with a pointer attached on the robot end of the arm
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tooling. With the other method, the calibration grid frame is set by measuring the grid pattern with a
camera without contact. In the following subsections, these two methods are explained.

12.2.1

Setting Based on Touch-up

This section explains how to set the calibration grid frame with the legacy method, namely physically
touching-up the calibration grid with a pointer mounted on a robot end of the arm tooling.

When the calibration grid is secured to a fixed surface
When the calibration grid is installed in a fixed place, the position of the calibration grid frame relative to
the robot base frame should be set in the user frame area. After a pointer for touch-up is mounted on the
robot end of the arm tooling and TCP is set to the tip of the pointer, select [User Frame Setup / Four
Points], and teach the four points shown in the figure below by touch-up operation with the TCP of the

robot.

SETUP Frames
User Frame Setup / Four Points
Frame Number: 1

X: 0.0 Y: 0.0 Z: 0.0
W: 0.0 P: 0.0 R: 0.0
Comment : xkkx *
Orient Origin Point: UNINIT
X Direction Point: UNINIT
Y Direction Point: UNINIT
System Origin: UNINIT

Active UFRAME $MNUFRAMENUM[1] =0
[ TYPE ][METHOD] FRAME

1/5

Y Direction

N
TO00 000000
00000000
DU N N N N N N N N
Origin

Orient Origin

~

[socs000es

000000000
De00000 e

X Direction

When the calibration grid is mounted on the robot end of arm tooling
When the calibration grid is mounted on the robot end of arm tooling, the position of the calibration grid
frame relative to the robot mechanical interface frame (robot face plate) should be set in the user tool area.
After the pointer for touch-up is secured to a secured table, select [Tool Frame Setup / Six Point], and
teach the six points shown in the figure below by touch-up operation.

The user tool set using the six-point method is rotated by 90 degrees about the X-axis with respect to a
desired coordinate system. Upon completion of setting the user tool frame by touch-up operation,
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manually enter the value of W plus 90. The three approach points must have different robot posses.
Ideally two of the approach points are close to 180 degrees from each other rotated about tool Z.

X Direction

Approach point 1
Approach point 2
Approach point 3

12.2.2

SETUP Frames

Tool Frame Setup / Six Point 1/1
Frame Number: 1
X: 0.0 Y: 0.0 Z: 0.0
W: 0.0 P: 0.0 R: 0.0

Comment : sksksrokskstorokskorkfsrokskodokkk

Approach point 1: UNINIT
Approach point 2: UNINIT
Approach point 3: UNINIT
Orient Orign Point:  UNINIT
X Direction Point: UNINIT
Z Direction Point: UNINIT

Active TOOL $MNUTOOLNUM[1] = 1

[ TYPE ][METHOD] FRAME

System Origin

Soeeoeo00e0 e o

000000000
000000000
XXX XXXX
(X)) 'Y XX
000000000
000000000
000000000
00000000 &F

N\

Z-axis direction

L~

Setting Based on Measurement with a Camera

This section explains how to teach the calibration grid frame by measuring the grid pattern by a camera.

Compared to the method which uses the pointer, this method has the following advantaged:

Setup quality is independent to operator’s skill.

You don’t have to prepare the touch-up pointer.

You don’t have to teach the TCP of the touch-up pointer.

It is easy to operate because it can be done half-automatically.

This method uses the vision frame setting function. The vision frame setting function automatically
moves the robot to observe the calibration grid from various positions and directions by the camera, and
identifies the position of the calibration grid frame.
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/\ CAUTION

1 For V7.50P and later versions of controller, use the grid frame setting function
described in Section 11.2, "Grid Frame Setting". The grid frame setting function
is a standard function of iRVision.

2 To use this function, the vision frame setting option is required.

3 The vision frame setting function is usable with 6-axis robots only. The function
cannot be used with 4-axis robots and 5-axis robots.

4 Only SONY XC-56 camera can be used.

12.2.2.1 Overview

In the vision frame setting function, the robot holding the camera or the robot holding calibration grid
automatically moves to change relative position and orientation between the camera and the calibration
grid, and find the grid pattern repeatedly. Finally, the position of the calibration grid frame relative to the
robot base frame or the robot mechanical interface frame (the robot face place) is identified.

During the measurement, camera detection results are plotted over the image on the vision runtime
monitor, and measurement execution steps is also displayed on the vision runtime monitor. When the
measurement is successfully finished, the robot moves to such a position that the camera and calibration
grid directly face each other and the origin of the calibration grid frame is seen at the center of the image.

/N\ CAUTION
The robot usually performs operations within an expected range according to the
parameter setting. However, the robot can make a motion beyond an expected
range, depending on the parameter setting. When running the vision frame
setting function, check that the related parameters are set correctly and
decrease the override to 30% or less to ensure that the robot does not interfere
with peripheral equipments.

When the calibration grid is secured to a fixed surface
When the calibration grid is secured to fixed surface, a camera mounted on the robot end of arm tooling is
used to measure the position of the calibration grid frame. Namely, the calibration grid secured to a fixed
surface is measured by a camera mounted on the robot end of arm tooling, moving a camera.

The vision frame setting function identifies the position of the calibration grid frame relative to the robot
base frame, and sets the results in the user frame area.

Plane where a
user frame is to
be set
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When the calibration grid is mounted on the robot
When the calibration grid is mounted on the robot, a fixed camera is used to measure the position of the
calibration grid frame. The robot moves the calibration grid within the field of view of a fix mounted
camera.

The vision frame setting function identifies the position of the calibration grid frame relative to the robot
mechanical interface frame (the robot face plate), and the results is written in the user tool area.

Calibration grid plate

12.2.2.2 Preparation for measurement and execution it

By using the vision frame setting function, the position of the calibration grid frame is measured.

Install the Calibration Grid
When the calibration grid is fixed, install the calibration grid at the position where camera calibration is to
be performed.

When the calibration grid is mounted on the robot end of arm tooling, install the calibration grid on the
robot gripper.

In either case, install the calibration grid firmly so that the calibration grid does not move during
measurement. Moreover, to prevent unnecessary grid points from being detected by mistake, check that
the calibration grid has no dirt and flaw. It is efficient to lay a sheet with no pattern in the background.

Program creation
When the vision frame setting option is loaded on the controller, the sample program named
VFTUMAIN.TP is loaded together with the KAREL programs required for measurement. The sample
program VFTUMAIN.TP is indicated below. You can use this sample program with some edits.

UFRAME_NUM=0
UTOOL_NUM=1

1
2
3:

4: J P[1] 10% FINE

5. CALL VFTUINIT(EXPOSURE'15000)
6: CALL VFTUINIT(MOVE_ANG_W',30)
7:  CALL VFTUINIT(MOVE_ANG_P',30)
8: CALL VFTUINIT(MOVE_ANG_R'46)

9: CALL VFTU_TCP
10: CALL VFTU _SET(1,1)
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Select a User Frame
The first line of the sample program is used to select a user frame to be used during measurement. An
arbitrary user frame can be specified, and the number need not be modified.

Select a User Tool
The second line of the sample program is used to select a user tool to be used during measurement. The
user tool data specified here is updated during measurement. The selected user tool need not be initialized.
Any number within the robot motion can be specified.

TIP
When the calibration grid is mounted on a robot, the identified calibration grid
frame is stored in the user tool area specified here.
When the calibration grid is secured to a fixed surface, the user tool specified
here is used during measurement and the identified calibration grid frame is
stored in the user frame specified on the tenth line of the sample program.

Select a Camera Setup
Select a camera setup to be used for measurement. By adding a following line to the ninth line in the
sample program, select a camera setup which is used to measure.

VFTUINIT(CAM_NAME, CamaraSetup-Name)

When another camera is prepared for the vision frame setting function, generate a new camera setup with
referring the chapter 5, “CAMERA SETUP”, and specify the name of that camera setup.

Robot position setting
The fourth line of the sample process is used to move the robot to the start position of measurement. The
robot first moves to this position, and then moves some positions to measure.

Confirm the user frame and user tool specified on the first and second lines of the sample program are
selected.

Jog the robot to a position so that the camera’s optical axis is approximately perpendicular to the surface
of the calibration grid surface and all large black circles of the calibration grid are contained in the
camera's field of view. Distance between the camera and the calibration grid should be much the same
distance at which the grid is in focus and calibration is normally performed.

/ Field of view
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/\ CAUTION
Confirm that this position is taught in the joint format. If this position was taught
in the Cartesian (XYZ) format, when it is played back, after completion of
measurement, the robot would move to a different position because the user tool
value has been changed.

By opening the Camera Setup window to display the live image, you can check the position of the
camera’s field of view.

3 pderabO26 - WY isian - PSCAM Setup - Microsoft Internet Explorer
PCAM [rewai.cela301.gu23%] 1004
-

iR + | le) x|olea s e 1 o
o000 0000
oo 0o 0o oo
o o0 0o oo
o0 0000 0o
o0 000000
e o000 000
o0 000000

Select Exposure Time
Open the camera setup screen then adjust the exposure time so that the black circles of the calibration grid
can be viewed clearly. Convert this exposure time to microseconds, then enter the converted value in the
second argument on the fifth line of the sample program.

Grid Spacing
If the grid spacing of your calibration grid is not 15 mm, the grid spacing needs to be specified in the
program. Before the line to call of VFTU_TCP on the ninth line of the sample program, add the following
line:

VFTUINIT(DOT_INTERVAL, grid-spacing)

Operation Range
During measurement, the robot moves within the range specified by parameters. So, provide a sufficient
operation area near the measurement start position. When the default settings are made, the robot makes
the following motions:

+100 mm in the X, Y, and Z directions

+46 degrees about the camera's optical axis

+30-degree inclination (WP) relative to the camera’s optical axis at the robot start position
+30-degree inclination relative to the camera's optical axis at the position where the camera directly
faces the calibration grid

If the operation range assuming the robot motion based on the default settings cannot be provided, you
can decrease the operation range by parameter modification. The sixth to eighth lines of the sample
program are used to specify the angles of W, P, and R rotations of the camera's optical axis. Note that the
precision of frame setting depends on the amount of motion at the time of measurement. If the operation
range is decreased, the measurement precision can degrade accordingly. So, it is recommended that
measurements be made within the movable range as close as possible to the initially set operation range.
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User Frame Number for Storing Results

When the calibration grid is mounted on a robot, delete the tenth line of the sample program.

When the calibration grid is secured to fixed surface, specify the user tool number specified on the second
line of the sample program in the first argument on the tenth line of the sample program, and specify the

user frame number for storing results in the second argument on the tenth line of the sample program.

Run Measurement

Upon completion of the above preparations, execute the program from the first line.

During measurement, detection results are plotted over the image on the runtime monitor, and program
execution status is displayed on the message line of the run-time monitor. For information about the

runtime monitor, see Section 4.4, "VISION RUNTIME".

Upon normal completion of measurement, the robot moves and stops at such a position that the camera
and calibration grid directly face each other and the origin of the calibration grid is placed at the center of

the image.

/N CAUTION

The robot usually performs operations within an expected range according to the
parameter setting. However, the robot can make a motion beyond an expected
range, depending on the parameter setting. When setting a vision frame, check
that the related parameters are set correctly and decrease the override to 30%
or less to ensure that the robot does not interfere with peripheral equipment.

12.2.2.3 Measurement parameter mod

ification

In addition to the variables set in the sample program, some other parameters can be adjusted. When

using a parameter set to a non-default value, add the following line to the sample program:

VFTUINIT('variable-name’, value)

The table below provides a list of parameters.

Variable name Initial value Minimum Maximum Remarks
recommende | recommende
d value d value
INIT(*1) Initializes all values to the default
values.

EXPOSURE 15000 Exposure time (usec)
DOT_INTERVAL 15 Grid point interva
MOVE_DIST_Z 50 30 Move distance in the camera’s

optical axis direction
MOVE_ANG_R 46 10 90 Angle of rotation about the
camera's optical axis
MOVE_ANG_W 30 5 40 Inclination relative to the camera'’s
optical axis
MOVE_ANG_P 30 5 40 Inclination relative to the camera’s
optical axis

NUM_VISION 2 1 5 Number of detections

NUM_EXPO 3 1 5 Number of multi-exposure
NUM_RETRY 3 1 5 Maximum number of retries

CAM NAME VFTUNULL Camera data name

*1 When the variable name is INIT, no value is specified.
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12.2.2.4 Troubleshooting

[CVIS-020 Big circles cannot be distinguished] is issued.
This error message is output when the four large black circles of the calibration grid could not be detected.
Detection of large black circles failed because of an improper exposure time, or an object other than a
grid point was detected. The run-time monitor screen displays the image output when a measurement
failed. Check the image and adjust the shooting condition.

[CVIS-015 Too few calibration points] is issued.
This error message is output when the number of grid points of the calibration grid detected during
measurement is less than 4. Check whether the grid points are contained in the camera's visual field when
the robot is placed at the measurement start position, whether the exposure time is proper, and whether
the camera port number is correct. This error message is output also if a measurement is made when the
camera is disabled for hardware trouble.

The program was terminated abnormally with an error.
If an error occurs, the program is terminated forcibly. Modify the setting to enable correct measurement
then execute the program from the beginning.

No image is displayed with the vision board.
With the camera connected to the vision board, vision frame setting cannot be performed. To perform
vision frame setting with a system using the vision board, modify the connection temporarily according to
the following procedure:

Turn off the power to the robot controller.

Open the door of the controller then detach the vision board from the backplane.
Connect the camera to be used for measurement to the main board.

Close the door of the controller then turn on the power to the controller.

el N S

/A\ CAUTION
After execution of the vision frame setting function, remember turn off the power
supply of the robot controller and restore the connection of a camera its original
port.

- 407 -



13.VISUAL TRACKING B-82774EN/04

13 VISUAL TRACKING

This chapter describes the settings specific to visual tracking.

/A\ CAUTION
This chapter describes V7.40P and later versions of software. When your
controller is V7.30P or an earlier version, see Section 9.3, "VISUAL TRACKING
ENVIRONMENT".

13.1 KEY CONCEPTS

This section describes the key concepts used for visual tracking.

Line, Work Area, Sensor Task
In visual tracking by iRVision, the following three concepts are used for system configurations.

Work Area
A Work Area is an area on a conveyor within which a robot makes some operation such as pick or
place.

Line
A Line is an ordered list of Work Areas. A Line is usually equivalent to a conveyor.

Sensor Task
A Sensor Task finds parts traveling on a conveyor and sends information about the found parts to a
Line.

To aid understanding, consider a system consisting of two conveyors and two robots, as shown below.
This system picks up parts from conveyor 1 and places them on conveyor 2. On conveyor 1, a vision

system finds the positions of parts and the found parts are picked up by both robot 1 and robot 2. On
conveyor 2, the DI sensor finds traveling boxes and the robots place the parts in traveling boxes.

S Sy U |
Controller 1 Controller 2
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There are four work areas in this system: work area 1, work area 2, work area 3, and work area 4. Work
areas 1 and 2 are defined on conveyor 1. Work areas 3 and 4 are defined on conveyor 2. Robot 1 picks
parts in work area 1 on conveyor 1 and places it on work area 3 on conveyor 2. Robot 2 picks parts in
work area 2 on conveyor 1 and places it on work area 4 on conveyor 2.

There are two lines in this system: line 1 and line2. Line 1 is defined on conveyor 1 and has work area 1
and work area 2 in this order. Line 2 is defined on conveyor 2 and has work area 3 and work area 4 in
this order.

There are two sensor tasks in this system: sensor task 1 and sensor task 2. Sensor task 1 finds parts on
conveyor 1 and sends information of the found parts to line 1.  Sensor task 2 finds parts on conveyor 2
and sends information of found parts to line 2.

Information about the parts found by sensor task 1 and sent on line 1 travels through work area 1 and then
work area 2, concurrently with the movement of the actual parts. Similarly, information about the parts
found by sensor task 2 and sent to line 2 travels through work area 3 and then work area 4.

Each robot works by receiving information about the traveling parts from the appropriate work area.
The robot does not receive information about the traveling parts until the parts actually enter the work
area. If the part passes by the work area, information about the part is sent to the next work area. Each
work area determines which part the robot should pick next and gives information about that part to the
robot based on the position of the part and prescribed allocation ratio.

Generally, a line corresponds to a conveyor, but two lines may be defined on one conveyor when, for
example, two sensors are serially placed on the same conveyor like the figure below. In this case, the
number of sensor tasks is also 2.

Camera @ Camera| @
/ \ Linel / \ Line2

/r ————————————————— /\r ————————————————— .

1 1
1 1
Conveyorl I “9| Workareal P Workarea2 ||
1 1
1 1

________________________________________

Tray, Cell, Tray pattern, Tray frame
In iRVision visual tracking, multiple robots can work together to pack parts in a box traveling on a
conveyor or to take out targets from the box.

Tray
Box that has some places in which parts are put

Cell
Place in a tray in which a part is put

Tray Pattern
Definition of an array of cells in a tray

Tray Frame
Coordinate system defined on a tray for describing the positions of cells with a tray pattern
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These terms are described below to aid concrete understanding, using a tray having four cells as an
example.

In the above example, there are four places in the box in which parts can be put. The box is called a tray
and the places to put parts in the box are called cells. This example tray has four cells.

The tray pattern representing this tray is shown below. This figure is a top face of the above tray. The
tray frame is assumed to be set at the lower-left corner of the box.

Tray Pattern : Cell4
Tray Frame XY, Z, R) = (150, 50,- 50, 0)

The + mark indicates the center of each cell. The cell position is set relative to the tray frame.

Although the position of the tray frame can be determined arbitrarily on a tray, it is recommended that the
tray frame be set to a position in which touching up by a pointer can easily be performed. This is
because the origin or X-axis direction point of the tray frame needs to be taught by physically touched up
by the robot TCP when you teach the position of the tray.

13.2 LINE AND TRAY PATTERN

This section describes how to setup lines and tray patterns.

Lines and tray patterns are stored in system variables of the robot controller. Lines and tray patterns set in
all robot controllers in the system must be completely the same. If you have set up the robot ring, when
you teach lines or tray patterns, the new line data or tray pattern data is automatically sent and saved to all
robots.
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/\ CAUTION
If more than one controller is in the system make sure all controllers are
powered up when changing line or tray pattern data.

Click [Visual Tracking Config] in the iRVision main setup page.

A pderob026 - iR¥ision - Selup Main - Microsall Internel Fxplarer

Wisual Tracking Config

E.. amirh Culbeation Teals s [ Typs [opwm |
£ Lina

FAEROBOT

FAM iRVision® FANUC

TIP
Creating or adjusting a line and a tray pattern can be done from any robot
controller on the robot ring which iRVision is installed Simultaneously editing the
line and tray pattern from two robot controllers is not allowed.
Note that setting vision data such as camera setup, camera calibration and
vision process can only be done from the robot controller in which the camera is
installed.

Synchronize Lines and Tray Patterns among controllers
If a controller is powered off in the system when you teach or modify a line or a tray pattern, the data will
be inconsistent among controllers. In such a case, after all robot controllers in the system are powered on,
you can transfer line and tray pattern data on a controller to the others so that all controllers have the same
setting of lines and tray patterns. Use the following procedure.

Click ¥ button. After you are asked whether you are sure to transfer the setting to all controllers,

click [OK].

By this operation, the line and tray pattern data in the robot controller in which iRVision operates are
copied to all robot controllers in the system.

13.2.1 Setting a Line

When a line is opened, a screen as shown below appears.
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2 line1 - Microsoft Internet Explorer

[ #[8]

Ouerlap Tolerance:
Load Balance:
Specify balance:
Madel 105 to handle:

Load Balance
Model ID
Bypass

line1- Visual Tracking Line

10,0 rmrm

YVez W

Common for all model IDs %

[ owm

[ Tracking Frame Getup Wizard ]

13.2.1.1 Adding work areas

Work areas are added to the line and arranged so that order of work areas in the line are the same as the

actual arrangement of robots.

Adding awork area

The following procedure adds a work area to a line.

1. Pressthe L button. A screen as shown below appears.

<2 line1 - Microsoft Internet Explorer

AREAL

FEX

Line Tracking Schadule:

Encoder Mumber:

This Controller % .tt\:rup

no

Enter a work area name in [Work Area Name].

3. Select a robot that operated in this work area. You can select a robot by selecting a controller name
and a motion group. The controller name is the one that you have set up in Section 4.9, "SETTING
UP THE ROBOT RING". Off-line robots cannot be selected. Make sure that all robot controllers are
powered on before performing teaching operation.

Select the tracking schedule number in [Line Tracking Schedule].

Select the encoder number in [Encoder Numberl].

Press the OK button to add the work area to the line.

SRS o
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2 line1 - Microsoft Internet Explorer

line1- Visual Tracking Line

Cuerlap Tolerance: 10.0|mm

Load Balance: Yes W
Spacify balance: Common for all model 1Ds ¥

Model I0s to handle:

Load Balance

Model ID

AREAL 1 (100%)
Buypass 0| (0w

| Tracking Frame Setup Wizard ]

Deleting a work area
The following procedure deletes a work area from a line.

1. Select the work area to be deleted from the tree view.
2. Click the % button.

Changing the order of work areas
The following procedure changes the order of work areas added to a line.

1. To move a work area upstream, click the & button.
2. To move a work area downstream, click the ﬂ button.

/\ CAUTION
Work areas need to be arranged so that the order of work areas in the tree view
on the screen is identical to that of actual robots.

13.2.1.2 Setting aline

The following procedure sets a line.

2 line1 - Microsoft Internet Explorer

line1- Visual Tracking Line

Cuerlap Tolerance: 10.0|mm

Load Balance: Yes W
Spacify balance: Common for all model 1Ds ¥

Model I0s to handle:

Load Balance

Model ID

AREAL 1 (100%)
Buypass 0| (0w

| Tracking Frame Setup Wizard ]

Overlap Tolerance
The vision system can find the physically same part more than once. This threshold is used to determine
whether the found parts are actually the same part or not.

Load Balance
This item specifies the part allocation method used when multiple robots work together on the conveyor.
When load balancing is enabled, each robot picks parts at a specified ratio. When load balancing is
disabled, the upstream robot picks as many parts as possible.
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Specify Balance
This item indicates how to specify the load balance when load balancing is enabled. When [Common
for all model 1Ds] is selected, only a single balance can be set. Parts are allocated to each robot at the
specified ratio regardless of the model ID of the part. When [For each model ID] is selected, up to eight
balances can be set. The balance to be used depends on the model ID of the part.

Model IDs to handle
This item specifies the model 1Ds for which the balance is set when load balancing is enabled and [For
each model ID] is selected for [Specify balance]. Up to eight model IDs can be specified.

Load Balance Box
In this box, the load balance is specified, when load balancing is enabled. The ratio at which parts are
allocated to is specified for each work area. For example, when there are three work areas on the line
and you want to allocate parts evenly, you should set 1 for all work areas. Then parts will be allocated in
proportions of 1:1:1, namely each robot picks 33% of parts. A ratio of 1:1:1 is equivalent to that of
2:2:2.

When [Bypass] is set to non-zero, parts are not picked intentionally at the specified ratio on this line. For
example, when there are three robots, the load balance is set to 1:1:1, and [Bypass] is set to 1, each robot
picks 25% of parts. Three robots picks 75% of parts, and 25% of parts are not picked by any robots.

Tracking Frame Setup Wizard
This item specifies the tracking frame and the encoder scale. The tracking frame and the encoder scale
can also be set on the tracking schedule setting screen of the robot teach pendant. When tracking is
performed with multiple robots, however, the same tracking frame must be shared among all robots, so
use of this wizard is recommended.

1. Inthe tree view on the left side, click & .

2} M430R4 - iRVision - LINE1 Setup - Microsoft Internet Explorer
LINE1- Visual Tracking Line

Overlap Tolerance: 10,0 | mm
Load Balance: Yes W
Specify balance: Comrmon for all model IDs W

Model IDs to handle:

Load Balance

Maodel I

AREAL 1| (s0%)
AREAZ 1| (s0w)
Bypass 0 (0%

[ Tracking Frame Setup Wizard ]

2. Click the [Tracking Frame Setup Wizard] button. A screen as shown below appears.

Microsoft Internet Explorer,

9 This wizard leads you to set up the tracking frame and the encoder scale of individual robats,
-t
If there are multiple robots working with the same conveyer, the same tracking frame will be shared by all robots.,

Place a target ko bouch on the conveyer, and click O,

3. Place a touch-up target in the uppermost part of the conveyor so that it can be touched up by the
pointer mounted on the robot end of arm tooling and click the [OK] button. A screen as shown
below appears.
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Microsoft Internet Explorer. g|
<P Work Area : AREAL
2

Origin Poink
1. Move the conveyer until the target is in the robat wark envelope, and stop the conveyar,

2. Jog the robat so that the TCP touches the target mark, and click OK.

Cancel

4. Jog the conveyor so that the touch-up target is located upstream in the robot operational area. Jog the
robot and touch up the touch-up target on the conveyor with the pointer. Click the [OK] button while
keeping the target touched up. A screen as shown below appears.

Microsoft Internet Explorer El

P Work Area : AREAL
2
*-Axis Direction Paink
1. Mave the conveyer downstrean in the rabat wark envelope, and stop the conveyor,

Z. Jog the robot so that the TCP touches the target mark, and click Ok,

[ ok |[ Cancel ]

5. Jog the robot to a point at which the robot does not interference with the touch-up target even if the
conveyor travels, and then jog the conveyor so that the touch-up target on the conveyor is located
downstream in the robot operational area. Then jog the robot and touch up the touch-up target with

the pointer again. Click the [OK] button while keeping the target touched up. A screen as shown
below appears.

Microzoft Internet Explorer

9 Wiork frea @ AREAT
-
\'H -fxiz Direction Point
1. Without moving the convewver, jog the robot toward left zide of

the conveyer flow direction, at least several hunderd millimeters, and click OK.

[0k ) [ Cancel |

6. Jog the robot to the left on a parallel with a surface of the conveyor at least hundreds of millimeters
relative to the conveyor traveling direction without moving the conveyor, and then click the [OK]
button. In the case of a hanging rack type conveyor with a horizontal camera the Y direction would
be down, not left. A screen as shown below appears.

Microsoft Internet Explorer

&

Work Area : AREAL

The tracking frame and the encoder scale have been set up. Click OF.

[ o |[ Canicel ]

7. Now, the tracking frame of the first robot has been set. If there is more than one robot on the same
line, click the [OK] button to start the setting of the tracking frame of the other robots. Repeat
steps 4 to 6 for each robot. When the tracking frame has been set for all robots, a screen as shown
below appears.
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Microsoft Internet Explorer

! E The trackine frame setup wizard completed.
*

8. Click [OK]. The tracking frame and the encoder scale will be set for each robot.

/A\ CAUTION
If the tracking frame is set again after camera calibration is performed, camera
calibration needs to be performed again.

13.2.1.3 Setting a work area

The following procedure sets a work area.

2 linel - Microsoft Internet Explorer. Q@E\
—1- AREA1- Yisual Tracking Work Area
=67 |

”ug b This Controller ¥ |, Group 1 ¥ (Gn-Line)

ing Schedule; 1%

500,000 counts, fmm

Tracking Frama: Mot Trainzd

% 00w 00z 00
W oo Py 00 R 0o

king

¥ Mumber: 1w
seal

F

mm

m

Distribution Line: 500 mm ¥ Offsetfrom upstream boundary

Dizcar d Line: 50,0 mm * Offsetfram downstream boundary

¥ Sart: Ho | 5 Tolermee mm
Stapistam Conveyor: He | pof I tastop
Skip this work area: He v

c|

Robot
This item shows the robot that works in this work area.

Line Tracking Schedule
This item shows the tracking schedule number used in this work area.

Encoder Number
This item shows the encoder number used in this work area.

Encoder Scale
This item shows the encoder scale.

Tracking Frame
This item shows the state and values of the tracking frame.

Selected Boundary
This item selects a tracking boundary to be used.

Upstream Boundary
This item specifies the position of the upstream boundary of the tracking area. This value represents the
X position of the boundary in the tracking frame.
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Downstream Boundary
This item specifies the position of the downstream boundary of the tracking area. This value represents
the X position of the boundary in the tracking frame.

Allocate Boundary
This item indicates the offset from the upstream boundary. Generally, set a small negative value so that
the parts are allocated to the robot slightly before the parts enter the tracking area.

Discard Boundary
This item indicates the offset from the downstream boundary. When a traveling part crosses this
boundary, the work area determines that the robot cannot overtake the part. Generally, set a small
negative value.

Y Sort
When this item is enabled, parts are allocated Y sorted order. Set the range in the X direction within
which the same row is assumed in [X Tolerance].

Stop/start Conveyor
When this item is enabled, if a part to be picked up crosses the discard boundary, the conveyor is stopped
automatically. After the robot picks up the part, the conveyor is restarted.

Skip this work area

When this item is enabled, no parts are allocated in this work area. This item is used to stop a robot
intentionally.

13.2.2 Setting a Tray Pattern

When a tray pattern is opened, a screen as shown below appears.

2} TRAY, - Microsoft Internet Explorer E@@
TRAY- Visual Tracking Tray Pattern
Seq  K(mm)  ¥(mm)  Zimm)  Rideq) Model ID
cell 1 1 0.0 00 0.0 0.0 1
elp

/\ CAUTION
The same tray pattern data needs to be set to all controllers in the system. Ifa
controller is powered off, the data integrity of the controller is not ensured.
Therefore, make sure that all controllers are powered on before making settings.

Seq

This item indicates sequence number of the cell, namely the priority of the cell. The smaller the
sequence number, the higher the priority. While a cell with a smaller sequence number is present, no
cell with a greater sequence number is allocated to robots.  This item is used when, for example, the tray
has a multiple layers, in which the upper layer is used after the lower layer is completed. In such a case,
this item controls the sequence in which parts are placed in the tray. Generally, specify the same value
for all cells. When there are cells with the same sequence number, these cells are allocated to robots in a
flexible manner. That is, the lowermost cell in the tracking area of the robot is allocated first. The
cells with a value of 0 are assumed to be absent.
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X, Y, Z,R
Set the position of a cell represented in the tray frame.

Model ID
A model ID can be set for a cell. This item is used when, for example, the processing to be executed is
changed in the TP program on the robot side depending on the model ID of a cell to be allocated.

Add Cell
This button adds a cell to the tray.

Delete
This button deletes the cell from the tray.

13.3 SENSOR TASK

This section describes how to set the operation of a sensor task.
When [6 SETUP] is selected from [MENUS] on the teach pendant and [Track Sensor] from F1, [TYPE],
a screen as shown below appears.

Sensor Mo. 1 HNotTrained 1/a
1 Enable: I
2 Triggex/View: DIST/SINGLE
3 Trigger Distance (mm) : 0.0
4 Vision Process Name: [Rhdkdddd]
5 Line Name: [*hhaddhrkhnbbhthhnas]
& Tray Name: [Hdhkhdhdkhhhkhbkhhik]
7 Tray Pos. X (mm) : 0.0
8 Y (mm) : 0.0
9 R(deg) : 0.0

[ TYFE ) REF_FOS SENSOR YES HO

Selecting a task
Up to four sensor tasks can be defined for each controller. The sensor task number currently displayed
appears in the upper-left of the screen. Press F3, [SENSOR] and select the sensor task to be set.

Enable Sensor
This item specifies whether the sensor task selected on the screen is used. When using the sensor task,
specify [YES]. When not using the sensor task, specify [NO].

Trigger/View
This item is used to change the trigger type and the number of camera views. Place the cursor on
[DIST/SINGLE] of [2 Trigger/View], and press F4 [SELECT]. The popup menu shown below appears.
Select the trigger type and the number of camera views. The setting screen changes depending on the
item selected.
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DI/NONE
DI/SINGLE
DI/DCUBLE
HDI/NCNE

mo=1 o e L R

There are five options.

DIST/SINGLE

Each time the conveyor moves the specified distance, a vision process is executed once to find parts
traveling on the conveyor.

DI/NONE
A phototube sensor installed on the conveyor finds parts traveling on the conveyor.

DI/SINGLE

Upon the input of a DI signal from a phototube sensor installed on the conveyor, a vision process is
executed once to find parts traveling on the conveyor.

DI/DOUBLE
When the conveyor moves the specified distance after a DI signal is input from a phototube sensor
installed on the conveyor, the first vision process is executed once. When the conveyor moves the
specified distance again, the second vision process is executed once. The found results of the two
vision processes are combined to calculate a part position. Use this option when handling a large
part that cannot fit in a single camera's field of view.

HDI/NONE

A phototube sensor installed on the conveyor finds parts traveling on the conveyor. This option
offers higher precision than the DI option but can be used only once per controller.

Trigger Distance (mm)
This item specifies the distance in mm that the conveyor moves before a vision process is executed.

Vision Process Name
When using iRVision, enter the name of the vision process used in this sensor task.

Line Name
This item specifies the name of the line to which information found parts by the sensor task is sent.

Tray Name
This item specifies the name of a tray pattern when a traveling part is a tray.

When [DI/NONE] is selected as the [Trigger/View]
In this case, the following screen appears.
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Trigger Input

Sensor No. 1 NotTrained
1 Enable:

2 Trigger/View:
3 Trigger Input:
4 Line Name:

5 Tray Name:
6
7
8

1/8
DI/NONE
pI[ 0]
[tittit*tititittititi]
[tit*itiiititit*itiii]

Sen. Pos. X (mm) : 0.0
¥ () : 0.0
R(deg): 0.0
irry | mereos | smsen | ws | we |

This item specifies the number of the DI port to which the phototube sensor signal is to be input.

When [DI/SINGLE] is selected as the [Trigger/View]
In this case, the following screen appears.

Trigger Offset (mm)

Sensor Mo. 1 HNotTrained 1/10
1 Enable: I
2 Triggex/View: DI/SINGLE
3 Trigger Input: DI[ 0]
4 Trigger Offset (mm) : 0.0
5 Vision Process Name: [rrdkhkds]
6 Line Name: [Hdhkhdhdkhhhkhbkhhik]
7 Tray Name: [Fhhhhkhnkhhhhhhhhhbs]
8 Tray. Pos. X (mm) : 0.0
9 Y (mm) : 0.0
10 R{deg): 0.0

[ TYFE ) REF_FOS SEHSOR YES Ho

When the conveyor moves the distance specified here after the input of the DI signal, the vision system
Use this item when the camera is mounted at a distance from the phototube

attempts to find parts.

sensor.

When [DI/DOUBLE] is selected as the [Trigger/View]
In this case, the following screen appears.

1 HNotTrained

Sensor No.

1 Enable:

2 Triggex/View:

3 Trigger Input:
4 Trigger Offset 1 (mm):
5 Trigger Offset 2 (mm):
6 Vieion Process Name 1:
7 Vision Process Name 2:
8 Line Name:

1/8

I
DI/DOUBLE
DI[ 0]

0.0

0.0
[tit*i*it]
[!tt!t!’!]

[*** dkkhkk ke dkhdkd ***]

[ TYFE ) REF_FO5 SENSOR

YES O
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Trigger Offset 1 (mm), Trigger Offset 2 (mm)
[Trigger Offset 1] is the distance in mm that the conveyor is allowed to move before the vision system
captures the image of the first feature and finds it after the phototube sensor detects the passage of a part.
[Trigger Offset 2] is the distance in mm that the conveyor is allowed to move before the vision system
captures the image of the second feature and finds it after the phototube sensor detects the passage of a
part.

When one camera is installed as shown in the figure below, specify [Trigger Offset 1] and [Trigger Offset
2] as follows:

Trigger Offset 1 =D1-L1
Trigger Offset 2 =D2 - L1

z
A

" Conveyor
|
Second Feature 0
|
|

>

|
| g

i First,Feature
| i
| .
|
|
|

D2 &

When two cameras are installed as shown in the figure below, specify [Trigger Offset 1] and [Trigger
Offset 2] as follows:

Trigger Offset 1 =D1-L1
Trigger Offset 2= D2 + L2

Camera ] Camera 2
8 L2 !
i
i

A" A

Target

Conveyor

Sepond Feature
i

First;Feature

- Photoeye
! D1 ’
i Dz~ i

Vision Process Name 1, Vision Process Name 2
In [Vision Process Name 1], specify the name of the vision process for finding the first feature (view 1).
In [Vision Process Name 2], specify the name of the vision process for finding the second feature (view
2).

- 421 -



13.VISUAL TRACKING B-82774EN/04

When [HDI/NONE] is selected as the [Trigger/View]
In this case, the following screen appears.

Sensor No. 1 MNotTrained 1/7
1 Enable: I
2 Trigger/View: HDI/NONE
3 Line Name: [Rrddhdddhdddhddiddds]
4 Tray Name : [iit*iitiii’iit*ii*ii]
5 Sen. Pos. X (mm) : 0.0
& ¥ (mm) : 0.0
7 R(deqg): 0.0
| [ TYFE } I REF_POS | SENS0R | YES HO

13.3.1 Setting a Sensor Position

For a sensor task that uses no vision system ([DI/NONE], [HDI/NONEY])), teach the position on which the
DI sensor is installed. The procedure slightly differs depending on whether a tray is used.

13.3.1.1 When no tray is used

1. Move the cursor to [Sensor Pos. X(mm)].
2. Stop the conveyor.

3. Press F5 [SEN_WIZ]. A screen as shown below appears.

st Fauis
& 1o Teye 1 R 10%
SETUP Track Sensor

Sensor Wiz. 1

Pleass put the target on the
conveyer upstream of sensor.
Then jog the conveyer so that
the sensor detect the target.

! | cowern | I |

4.  Place a part upstream of the DI sensor and move the conveyor to make the target pass in front of the
DI sensor.

5. When the sensor detects the part, a screen as shown below appears.
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Svep | Hold | Fauls

e T2 EEEE 10%

TCye

SETUP Track Sensor

Sensor Wiz. 2

Please jog the conveyer so that
the target comes in front of
this robot.

Then jog this robot so that its
TCP comes to the target or tray
frame origin.

Press SHIFT-RECORD when ready

| Imcu] Iumu]

6. Move the conveyor until the target positions in front of the robot.

7. Jog the robot and touch up the end on the downstream side of the part, which is detected point by the
DI sensor, with TCP.

8.  Press the F5 [RECORD] while holding the shift key.

9. Only the X value of [Sensor Pos] is set. (The Y and R values remain at 0.)

13.3.1.2 When atray is used

1. Move the cursor to [Sensor Pos. X(mm)].
2.  Stop the conveyor.
3. PressF5[SEN_WIZ]. A screen as shown below appears.

SETUP Track Sensor
Sensor Wiz. 1

Pleass put the target on the
conveyer upstream of sensor.
Then jog the conveyer so that
the sensor detect the target.

l | omers | I I

4.  Place the tray upstream of the DI sensor and move the conveyor to make the tray pass in front of the
DI sensor.
5. When the sensor detects the tray, a screen as shown below appears.

& 1o Toye w2 IR ——

SETUP Track Sensor

Sensor Wiz. 2

Please jog the conveyer so that
the target comes in front of
this robot.

Then jog this robot so that its
TCP comes to the target or tray
frame origin.

Press SHIFT-RECORD when ready

CRNCEL RECORD
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6. Move the conveyor until the tray positions in front of the robot.
Jog the robot and touch up the origin of the tray frame.
8.  Press the F5 [RECORD] while holding the shift key. A screen as shown below appears.

~

a’:, te1a n; . 10%

SETUP Track Sensor
Sensor Wiz. 3

Please jog this robot so that
its TCP comes to the tray
frame x point.

Press SHIFT-RECORD when ready

| | omcer | sme | mecoso |

9. Jog the robot and touch up the X direction point of the tray frame.
10. The X, Y, and R values of the tray position are set.

13.3.2 Setting a Tray Position

For a sensor task that uses a vision system and tray, set the position of the tray relative to the tracking
frame. It is needed that camera calibration and teaching vision process are completed in advance.

13.3.2.1 [DIST/SINGLE] is used

1. Move the cursor to [Tray Pos. X(mm)].
2. Stop the conveyor.
3. Press F5 [TRAY_WIZ]. A screen as shown below appears.

Tray Wiz. 1

Pleass put the target on field
of view.

Prass FIND when ready.

| | cmscex | [ rmo |

Place the tray in the field of view of the camera and press F5 [FIND].
The sensor detects the tray and a screen as shown below appears.

o &
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Szep | Held || Faulz

= e Texe o 12 ascrree R 5%

SETUP Track Sensor
Tray Wiz. 2

Please jog the conveyer so that
the target comes in front of

this robot.

Then jog this robot so that its
TCE comes to the tray frame origin.

Press SHIFT-RECORD when ready

| |wtu.| ]k:coanl

Move the conveyor until the tray positions in front of the robot.
Jog the robot and touch up the origin of the tray frame.

Press the F5 [RECORDY] while holding the shift key.

A screen as shown below appears.

©oN>

Seep || Hold | Faule

& ——{ 5%

Without moving the conveyer,
please jog this robot so that
its TCP comes to the tray
frame x point.

Prass SHIFT-RECORD when ready

I | omem | | secomo |
10. Jog the robot and touch up the X direction point of the tray coordinate system.

11. Press the F5 [RECORD] while holding the shift key.
12. The X, Y, and R values of the tray position are set.

13.3.2.2 [DI/SINGLE] is used

1. Move the cursor to [Tray Pos. X (mm)].
2. Stop the conveyor.
3. Press F5 [TRAY_WIZ]. A screen as shown below appears.

SETUP Track Sensor
Tray Wiz. 1

Please put the tray on the conveyer
upstream of sensor.

Then jog the conveyer so that the
tray comes in front of this rcbot.
Vision will find the tray
automatically, when the tray moves
by trigger offset after detection
with sensor.

CRNCEL
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4.  Let the tray travel from the uppermost section of the conveyor. When the conveyor moves by the
trigger offset after the phototube sensor detects parts, iRVision automatically finds the parts. The
conveyor does not need to be stopped when iRVision finds the parts.

5. When iRVision succeeds in finding the parts, a screen as shown below appears.

SETUP Track Sensor
Tray Wiz. 2

The tray has been found.

Please jog the conveyer so that the
target comes in front of this reobot.
Then jog this robot so that its

TCP comes to the tray frame origin.

Press SHIFT-RECORD when ready

| I | CANCEL | | RECORD ‘

Move the conveyor until the tray is positioned in front of the robot, and stop.
Jog the robot and touch up the origin of the tray frame.

Press the F5 [RECORDY] while holding down the Shift key.

A screen as shown below appears.

©oN>

;;;0 mr_ MaINy LIne 0 T2 amoaTen [EEIEEE 5%

Tray Wiz. 3

Without moving the conveyer,
please jog this robot so that
its TCP comes to the tray
frame x point.

Prass SHIFT-RECORD when ready

[ [ owce | [ seoom |
10. Jog the robot and touch up the X direction point of the tray frame.

11. Press the F5 [RECORD] while holding down the Shift key.
12. The X, Y, and R values of the tray position are set.

13.3.3 Setting the Reference Position

The reference position is the position of a part when a robot positions are taught. ~ Although the reference
position is set in a normal iRVision system, it is necessary to set the reference position common to all
robots that work on the same conveyor and set the same trigger, particularly in visual tracking.

The reference position setting function on the sensor task menu can be used to easily set the reference
position and trigger common to all robots.
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/\ CAUTION
Do not move the part on the conveyor until robot position teaching is completed
after the reference position is set. When there are multiple work areas on the
line, do not move the part until robot position teaching is completed in all work
areas. If the part is accidentally moved, repeat the procedure from the

beginning with the setting of the reference position.

The setting procedure slightly differs depending on whether a vision sensor is used with a sensor task.

13.3.3.1 [DIST/SINGLE] is used

1.
2.

3.
4,
5.

6.

Stop the conveyor.
Press F2 [REF_POS]. A screen as shown below appears.

Hold || Faule

d;; | ey tinz oo 12 ascatzo [EEEER 5%

Set Ref. Pos. Wiz. 1

Please put the target on field
of view.

Press FIND when ready.

| | CANCEL I I FIND |

Place a part approximately the center of the field of view of the camera.

Press F5 [FIND].
When vision detects the part, a screen as shown below appears.

3:::1 “‘-'r wamwy tive o T2 asorteo [EEEER 5%

Set Ref. Pos. Wiz. 2

Trigger has been set to all rcbots
on this line.

Please teach a handling point for
robots which handle this part.

I | I I FINISH |

Press F5 [FINISH]. Now, the reference position has been set.

13.3.3.2 [DI/SINGLE] is used

1.
2.

Stop the conveyor.
Press F2 [REF_POS]. A screen as shown below appears.
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Srep || Hald | Faul:

Set Ref. Pos. Wiz. 1

Please put the target on the conveyer
upstream of sensor.

Then jog the conveyer so that the
sensor detects the target.

Vision will find the target
automatically, when the target moves
by trigger offset after detection
with sensor.

| | | e | | |

3. Let the part travel from the uppermost section of the conveyor. When the conveyor moves by the
trigger offset after the phototube sensor detects the part, iRVision automatically finds the part. The
conveyor does not need to be stopped when iRVision finds the part.

4. When iRVision succeeds in finding the part, a screen as shown below appears.

Szep | Held || Faulz

& 10 B | s tivE o 12 asoster EEEER 5%

Set Ref. Pos. Wiz. 2

Trigger has been set to all rcbots
on this line.

Please teach a handling point for
robots which handle this part.

| [ | [ T ]

5. Press F5 [FINISH]. This completes the setting of the reference position.

13.3.3.3 [DI/DOUBLE] is used

1. Put the part on the upstream section of the conveyor ahead of the phototube sensor.
2. Press F2 [REF_POS] to start the reference position setting wizard. A screen as shown below
appears.

fzap Hald Fauls

& /e T3y =

wains Live o 12 ascarec [NEEEE

SETUP Track Sensor
Sat Raf. Pos. Wiz. 1

Pleasa put the target on the conveyer
upstream of sensoxr.

Then jog the conveyer so that the
sensor detects the target.

Vision will find the lst fesature
automatically when the target moves
by trigger offset 1 after detection
with senseor.

| | | e | | |

3. Move the conveyor so that the phototube sensor detects the part.
4.  When the part travels the distance specified in [Trigger Offset 1] after the sensor succeeds in
detection, iRVision automatically attempts to find the first feature. When the feature is
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successfully found, a screen as shown below appears. Let the part continue to travel without
stopping the conveyor.

grap || Hola | rauls
= - prerenry 5%
1/0 Ice

SETUP Track Sensor
Sat Raf. Pos. Wiz. 2

The 1st feature has been found.

Please jog the conveyer so that the
vision finds the 2nd featurae.
Vision will find the 2nd feature
automatically when the target moves
by trigger offset 2 after detection
with sensor.

| | | e | | |

5. When the part travels the distance specified in [Trigger Offset 2] after the sensor succeeds in
detection, iRVision automatically attempts to find the second feature. When the feature is

successfully found, a screen as shown below appears.

Set Ref. Pos. Wiz. 3

The Znd feature has been found.

Trigger has been set to all rcbots
on this line.

Please teach a handling point for
robots which handle this part.

| ] [ | [ rms |
6. Press F5 [FINISH]. This completes the setting of the reference position.

13.3.3.4 [DI/NONE], [HDI/NONE] is used

1.  Stop the conveyor.
2. Press F2 [REF_POS]. A screen as shown below appears.

#eop | Hold | Fauie
& ro Ty 10%

picE: Liwe o 72 asoateC (SRR

Set Ref. Pos. Wiz. 1

Please put the target on the
conveyer upstream of sensor.
Then jog the conveyer so that
the sensor detect the target.

| [_cwers | [ |

3. Place a part upstream of the DI sensor and move the conveyor to make the part pass in front of the
DI sensor.
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4.

5.

When the sensor detects the part, a screen as shown below appears.

pIcka LIsE o T2 ascareo [EEEEY

SETUP Track Sensor

Set Raf. Pos. Wiz. 2

Trigger has been set to all robots
on this line.

Please teach a handling point for
robots which handle this part.

| | | || s |

Press F5 [FINISH]. Now, the reference position has been set.
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14 vision suPPORT TOOLS

This chapter describes the vision support tools.

14.1 ovERVIEW

The vision support tools are software options consisting of a set of tools intended to support an
iRVision-based robot system. Using these options, you can have the corresponding KAREL programs
installed to the controller and run those programs by means of the relevant call commands.

Offset calculation
Special offset calculation mechanisms are provided that cannot be supported by the standard
functions.
OFS_RJ3, MATRIX, INVERSE, MERGE3D2, and STVS1

Saving and restoration of position register data
Functions to store and restore 1000 position registers' worth of data are provided.
SAVENOM and LOADNOM

Offset adjustment
A function is provided that allows the offset error to be adjusted with ease.
ADJ_OFS

Sorting of found results
A function is provided that sorts found results.
SORT_RJ3

Offset position checking
A function is provided that checks whether the offset position is within the valid range of robot
motion.
CHK_POS

Inter-Controller Communication
Functions are provided that enable register data and position register data to be sent and received
between controllers.
SENDPREG, SENDREG, RECVPREG, RECVREG, CLRPREG, CLRREG

Vision Log
Functions are provided that change the vision log folder and delete old vision logs.
VL_RENAME, VL_DELETE

Restrictions

e  These functions are included in the vision support tool option.

e  To use these functions, be sure to set the system variable SKAREL_ENB to 1.

. Inter-controller communication (SENDPREG, SENDREG, RECVPREG, RECVREG, CLRPREG,
or CLRREG) requires that the robots on both ends have the iRVision TPP interface option.

e  The position register formats that you can specify for these tools are the XYZWPR format, matrix
format, XYZWPR format with an additional axis, and matrix format with an additional axis.
Position registers of the joint format are not supported. If the specified position register is of the
joint format, an error occurs.
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o If the position register specified by any of these tools has not been initialized (the value in the
position register is ******) an error occurs.

Behavior at the time of an error
All the KAREL programs have an argument that specifies "the register number to store the error number".
This argument can be omitted in most of the KAREL programs. How a KAREL program behaves if an
error occurs during the execution of the program differs depending on whether “the regisrer number to
store the error number™ is specified or not.

When "the register number to store the error number™ is specified, O is stored in the specified register if
the program ends normally. If an error occurs, the corresponding error code is stored in the specified
register and an error message appears in the upper part of the teach pendant screen.

If an error occurs when "the register number to store the error number" is omitted, the program is forced

to end and the user screen displays a message describing the error. Note that this argument cannot be
omitted in CHK_POS and STVSL.

14.2 oOFs RJ3

This program calculates offset data based on the found position and reference position stored in position
registers. The robot can perform offset operations using the offset data calculated by OFS_RJ3. Since
iRVision normally calculates offset data within the vision process, it is not necessary to use OFS_RJ3.
Use this program when you need any offset mode that is not supported by vision processes.

Argument 1:Register number
Specify the number of the register storing a flag that indicates whether to set the reference position.
When 1 is set in the specified register, the found position will be set as the reference position in the
position register specified by argument 4. When 0 is set, the reference position will not be set.

Argument 2:Position register number
Specify the number of the position register storing the found position of the first camera.

Argument 3:Paosition register number
Specify the number of the position register storing the found position of the second camera.

Argument 4:Position register number
Specify the number of the position register that currently stores the reference position or that will
store the reference position.

Argument 5:Position register number
Specify the number of the position register to store the calculated fixed frame offset data of the
sensor A format.

Argument 6:Position register number
Specify the number of the position register to store the calculated fixed frame offset data of the
sensor B format.

Argument 7:Position register number
Specify the number of the position register to store the calculated tool offset data.

Argument 8:Register number

Specify the number of the position register to store the error number. This argument can be
omitted.
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In the register to store the error number, one of the values shown below will be set depending on the error
that occurs:

0:  The program ended normally.

501: A required argument is not specified.

502: An invalid argument is specified.

503: The nominal flag is invalid.

504: Data cannot be written to the specified register.

505: The format of the specified position register failed to be acquired.

506: The format of the specified position register is invalid.

507: The specified position register cannot be read.

508: The specified position register has not been initialized.

509: Offset data failed to be calculated (the two points are too close to each other).
510: Data cannot be written to the specified position register.

Usage example 1
This is an example where one camera is used to find a workpiece and fixed frame offsetting is performed
for the robot according to the calculated offset data of the sensor A type.

11: CALL OFS_RJ3(P1,P2,0,P4,P5,0,0)
12: L P[1] 1000mm/sec FINE OFFSET,PR[P5]

Usage example 2
This is an example where one camera is used to find a workpiece and fixed frame offsetting is performed
for the robot according to the calculated offset data of the sensor B type (the offset data of the sensor A
type is referenced). Since fixed frame offsetting is performed using the sensor B format, the format of
the position register used for the fixed frame offset command is converted to the matrix format, by
copying the offset data to the user frame and then copying it back to the position register.

11: CALL OFS_RJ3(P1,P2,0,P4,P5,P6,0)
12:  UFRAME[9]=PR[P6]

13:  PR[n]J=UFRAME[9]

14: L P[1] 1000mm/sec FINE OFFSET,PR [n]

Usage example 3
This is an example where one camera is used to find a workpiece and fixed frame offsetting is performed
for the robot according to the offset data of the sensor B type (the offset data of the sensor A type is not
referenced). Since fixed frame offsetting is performed using the sensor B format, the format of the
position register used for the fixed frame offset command is converted to the matrix format, by copying
the offset data to the user frame and then copying it back to the position register.

11: CALL OFS_RJ3(P1,P2,0,P4,0,P6,0)
12:  UFRAME [9]=PR[P6]

13:  PR[n]= UFRAME [9]

14: L P[1] 1000mm/sec FINE OFFSET,PR[n]

Usage example 4
This is an example where one camera is used to find a workpiece and tool offsetting is performed for the
robot.

11: CALL OFS_RJ3(P1,P2,0,P4,0,0,P7)

12:  UFRAME[9]=PR[P7]

13:  PR[n]J=UFRAME[9]

14: L P[1] 1000mm/sec FINE TOOL_OFFSET,PR[n]
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Usage example 5
This is an example where two cameras are used to find one workpiece, or one hand camera is used to find
two positions on one workpiece, to perform fixed frame offsetting for the robot (offset data of the sensor
A type). The two found positions are merged to generate one set of position data. Found positions that
can be input are the 2D data of X, Y, and R. The merged position data are also the 2D data of X, Y, and
R. X, Y, and R in the merged position data represent an intermediate point between the two positions.
To generate 3D data, use MERGE3D2.

11: CALL OFS_RJ3(P1,P2,P3,P4,P5,0,0)
12: L PR[1] 1000mm/sec FINE OFFSET,PR[P5]

Usage example 6
This is an example where two cameras are used to find one workpiece, or one hand camera is used to find
two positions on one workpiece, to perform fixed frame offsetting for the robot (offset data of the sensor
B type). The two found positions are merged to generate one set of position data. Found positions that
can be input are the 2D data of X, Y, and R. The merged position data are also the 2D data of X, Y, and
R. X, Y, and R in the merged position data represent an intermediate point between the two positions.
To generate 3D data, use MERGE3D2.

11: CALL OFS_RJ3(P1,P2,P3,P4,0,P6,0)
12:  UFRAME[9]=PR[P6]

13:  PR[n]J=UFRAME[9]

14: L P[1] 1000mm/sec FINE OFFSET,PR[n]

Usage example 7
This is an example where two cameras are used to find one workpiece, or one hand camera is used to find
two positions on one workpiece, to perform tool offsetting for the robot. The two found positions are
merged to generate one set of position data. Found positions that can be input are the 2D data of X, Y,
and R. The merged position data are also the 2D data of X, Y, and R. X, Y, and R in the merged
position data represent an intermediate point between the two positions. To generate 3D data, use
MERGE3D?2.

11: CALL OFS_RJ3(P1,P2,P3,P4,0,0,P7)

12:  UFRAME[9]=PR[P7]

13:  PR[N]=UFRAME[9]

14: L P[1] 1000mm/sec FINE TOOL_OFFSET,PR[n]

14.3 MATRIX

This program regards the position register values given in the XYZWPR or matrix format as a
homogeneous transform matrix and calculates the product of that matrix. When the input matrixes are A
and B and the output matrix is C, the program calculates the equation C = AB.

Argument 1:Position register number
Specify the number of the position register storing input matrix A.

Argument 2:Position register number
Specify the number of the position register storing input matrix B.

Argument 3:Position register number
Specify the number of the position register storing input matrix C.

Argument 4:Register number
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Specify the number of the position register to store the error number. This argument can be omitted.

In the register to store the error number, one of the values shown below will be set depending on the error
that occurs:

0:  The program ended normally.

301: A required argument is not specified.

302: An invalid argument is specified.

303: An invalid argument is specified.

304: Data cannot be written to the specified register.

305: The format of the specified position register failed to be acquired.
306: The format of the specified position register is invalid.

307: The specified position register cannot be read.

308: The specified position register has not been initialized.

309: Data cannot be written to the specified position register.

Usage example 1
This is an example where the user frame is shifted using 2D offset data. The robot motion can be offset
without adding the fixed frame offset command to the motion command.

VISION RUN_FIND VISION1

VISION GET_OFFSET VISION1 VR[1] JUMP,LBL[99]
PR[20]=VR[1].OFFSET

PR[30]=UFRAME[2]

CALL MATRIX(20,30,40)

UFRAME[3]=PR[40]

UFRAME_NUM=3

9: UTOOL_NUM=1
10: L P[1] 200mm/sec FINE
11: L P[2] 200mm/sec FINE
12: L P[3] 100mm/sec FINE

Line3  The offset data of the sensor B type is calculated in position register [20].
Line5  The shifted user frame is calculated in position register [40].
Line 10 Since user frame No. 3 itself is shifted, the vision offset is applied to the operation.

Usage example 2
This is an example where the reference position is calculated back from the offset data and found position
stored in the vision register. In this example, the reference position is stored in position register [1].

VISION RUN_FIND VISION1

VISION GET_OFFSET VISION1 VR[1] JUMP,LBL[99]
PR[1]=VR[1].FOUND_POS[1]

PR [2]=VR[1].OFFSET

CALL INVERSE(2,2)

CALL MATRIX(2,1,1)

Usage example 3
This is an example where the offset robot position is calculated.
It is assumed that the robot moves to the position that is offset by the following motion command:
L P[10] 500mm/sec FINE VOFFSET, VR[1]
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VISION RUN_FIND VISION1

VISION GET_OFFSET VISION1 VR[1] JUMP,LBL[99]
PR[21]=VR[1].OFFSET

PR[20]=P[10]

CALL MATRIX(21,20,22)

Line4  The position of P[10] and the offset data of the vision register are copied to the position
register.

Line5  Multiply the position with the offset data. The offset position is stored in position register
[22].

14.4  INVERSE

This program regards the position register values given in the XYZWPR or matrix format as a
homogeneous transform matrix and calculates the inverse matrix of the input matrix. When the input
matrix is A and the output matrix is B, the program calculates the equation B=A"1.

Argument 1:Position register number
Specify the number of the position register storing input matrix A.

Argument 2:Position register number
Specify the number of the position register storing input matrix B.

Argument 3:Register number
Specify the number of the position register to store the error number. This argument can be omitted.

In the register to store the error number, one of the values shown below will be set depending on the error
that occurs:

0:  The program ended normally.

201: A required argument is not specified.

202: An invalid argument is specified.

203: An invalid argument is specified.

204: The format of the specified position register failed to be acquired.
205: The format of the specified position register is invalid.

206: The specified position register cannot be read.

207: The specified position register has not been initialized.

208: Data cannot be written to the specified position register.

209: Data cannot be written to the specified register.

Usage example 1
This is an example where the matrix format of a position register is converted to the XYZWPR format.
Executing INVERSE twice, as shown below, converts the matrix format of position register No. 1 to the
XYZWPR format.

11: CALL INVERSE(1, 2)
12: CALL INVERSE(2, 1)

14.5 MERGE3D2

This program conducts 3D measurements at two or three positions on one workpiece and merges the
results of those measurements to calculate the position and orientation of the entire workpiece.
OFS_RJ3 generates 2D data, while MERGE3D2 generates 3D data.
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Argument 1:Position register number
Specify the number of the position register storing 3D measurement results.

Argument 2:Position register number
Specify the number of the position register storing 3D measurement results.

Argument 3:Position register number
Specify the number of the position register storing 3D measurement results.

Argument 4:Paosition register number
Specify the number of the position register storing 3D measurement results.

Argument 5:Position register number
Specify the number of the position register to store generated 3D position data.

Argument 6:Register number
Specify the number of the position register storing the heights of the first and second points. This
argument can be omitted. Note that argument 6 is required when argument 7 is specified.

Argument 7:Register number
Specify the number of the position register to store the error number. This argument can be omitted.

For information about how to specify arguments 1 to 4, see usage examples 1 to 3.

When the first point is measured as a 3D position and the second point is measured as a 3D gaze line (see
usage example 3 below), the second point must normally be on the same plane (same height) as point 1.
Otherwise, specify a register number in argument 6 and set the height difference between points 1 and 2
in that register.

In the register to store the error number, one of the values shown below will be set depending on the error
that occurs:

0:  The program ended normally.

401: A required argument is not specified.

402: An invalid argument is specified.

403: The plane is parallel to the line.

404: The two points are too close to each other.

405: The two points are too far away from the plane.

406: The combination of arguments is invalid.

407: Data cannot be written to the specified register.

408: The format of the specified position register failed to be acquired.
409: The format of the specified position register is invalid.

410: The specified position register cannot be read.

411: The specified position register has not been initialized.

412: Data cannot be written to the specified position register.

413: The specified register cannot be read.

Usage example 1
This is an example where the 3D position of the entire work is calculated from three 3D positions.
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(First point)

(Second point)
Plane measurement with 2D

Plane measurement with 2D

(Third point)
Plane measurement
with / without 2D

The example calculates a coordinate system in which the first, second, and third points are determined as
the origin, an X direction point, and an XY plane point, respectively.

11: CALL MERGE3D2(P1, P2, P3, 0, P5)

Usage example 2

This is an example where a coordinate system is calculated from two 3D position/posture values.

(First point)

(Second point)
Plane measurement with 2D

Plane measurement with 2D

The example calculates a coordinate system in which the first point is determined as the origin, the
direction connecting the first and second points is determined as the X axis, and the plane including the
normal line of the first point and the just mentioned X axis is determined as the XY plane point. The

second point determines the phase along the Z axis. This is effective for a large panel or other type of
workpiece that has a severe phase requirement for the Z axis.

11:  CALL MERGE3D2(P1, P2, 0, 0, P5)

Usage example 3

This is an example where a coordinate system is calculated from one 3D position/posture value and one
3D gaze line.

(Second point)
2D measurement (3D gaze line output)

(First point) A
Plane measurement with 2D \
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Of the two points, the one that gives the 3D position/posture value is the first point, and the point where
the XY plane of the first point intersects the 3D gaze line is internally regarded as the second point. The
example calculates a coordinate system in which the first point is determined as the origin, the normal line
of the first point is determined as the Z axis, and the second point is determined as the XY plane point.
The second point determines the phase along the Z axis. This is effective for a large panel or other type
of workpiece that has a severe phase requirement for the Z axis. Although it is similar to usage example
2, the method shown in usage example 3 is used in cases where 3D position/posture measurement cannot
be done for the second point.

11: CALL MERGE3D2(P1, 0, 0, P4, P5)

/A\ CAUTION
In case of calculating a coordinate system from two position data, if one point is
on the normal line of another point, calculation cannot be done, and an error
OCCUrs.

14.6 LOADNOM and SAVENOM

If the free space of a position register is insufficient, the data in that position register can be saved.
The total number of position registers that can be saved is 1470 - 30 position registers multiplied by 49
tables. Register data is saved and restored on a table-by-table basis.

SAVENOM
This program saves position register data.

Argument 1: Table number
Specify the number of the table to which to save data. The specifiable value range is 1 to 49.

Argument 2: Number of position registers
Specify the number of position registers to save. The specifiable value range is 1 to 30.

Argument 3:Position register number
Specify the number of the first position register to save.

Argument 4:Register number
Specify the number of the position register to store the error number. This argument can be omitted.

In the register to store the error number, one of the values shown below will be set depending on the error
that occurs:

0: The program ended normally.

701: A required argument is not specified.

702: An invalid argument is specified.

703: An invalid argument is specified.

704: The format of the specified position register failed to be acquired.
705: The format of the specified position register is invalid.

706: The specified position register cannot be read.

707: The specified position register has not been initialized.

708: Data cannot be written to the specified register.

LOADNOM
This program restores saved data to one or more position registers.
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Argument 1: Table number
Specify the number of the table whose data is to be restored. The specifiable value range is 1 to 49.

Argument 2: Number of position registers
Specify the number of position registers to which to restore saved data. The specifiable value range
is 1 to 30.

Argument 3:Position register number
Specify the number of the first position register to which to restore saved data.

Argument 4:Register number
Specify the number of the position register to store the error number. This argument can be omitted.

In the register to store the error number, one of the values shown below will be set depending on the error
that occurs:

0:  The program ended normally.

601: A required argument is not specified.

602: An invalid argument is specified.

603: An invalid argument is specified.

604: Data cannot be written to the specified position register.

605: Data cannot be written to the specified register.

606: The format of the specified position register failed to be acquired.
607: The format of the specified position register is invalid.

608: The specified table does not have any saved data.

Usage example 1
This is an example where the data of 10 position registers, [31] to [40], is saved to table 1 and then
restored.

3: CALL SAVENOM(1,10,31)

27: CALL LOADNOM(1,10,31)

Backup of the variable
The saved data is stored in the KAREL variable defined in the KAREL program SAVENOM. If you
choose to save all files on the file screen, the saved data is saved in a file named SAVENOM.VR.

14.7 ADJ OFS

When a system performs 2D compensation, there may be cases where the system accomplishes fixed

frame offsetting properly if the workpiece only moves horizontally without rotating, whereas an invalid

fixed frame offset result is obtained if the workpiece rotates. The reason for this is that the coordinate

system that the vision process recognizes through camera calibration does not match the user frame of the

robot. To solve this problem:

<1> After resetting the touch-up pin TCP for setting the coordinate system, reset the user frame, camera
calibration, and reference position, and re-teach the robot position.

<2> If the fixed frame offset result is still invalid, perform vision mastering for the robot and then take
step <1>.

This procedure may not be viable.

In that case, using ADJ_OFS can improve the situation.

Argument 1: Type of the register storing offset data
Specify the type of register.
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Set 1 for a vision register and 2 for a position register.

Argument 2: Vision register or position register number
Specify the number of the vision register or position register storing offset data.

Argument 3:Position register number
Specify the number of the position register storing the amount of adjustment.

Argument 4 : Vision register or position register number
Specify the number of the vision register or position register to store adjusted offset data.

Argument 5:Register number
Specify the number of the position register to store the error number. This argument can be omitted.

You can specify the same number in arguments 2 and 4.

If the register storing offset data is a position register, namely if 2 is set in argument 1, the format of the
position register specified in argument 4 is automatically converted to the XYZWPR format.

In the register to store the error number, one of the values shown below will be set depending on the error
that occurs:

0:  The program ended normally.

101: A required argument is not specified.

102: An invalid argument is specified.

103: The specified register type is invalid.

104: Data cannot be written to the specified register.

105: The specified vision register cannot be read.

106: Data cannot be written to the specified vision register.

107: The format of the specified position register failed to be acquired.
108: The format of the specified position register is invalid.

109: The specified position register cannot be read.

110: The specified position register has not been initialized.

111: Data cannot be written to the specified position register.

Usage example 1
This is an example where the offset data stored in vision register [1] is adjusted using the amount of
adjustment stored in position register [11] and the adjusted offset data is output to vision register [2].
The adjusted offset data stored in vision register [2] is used to offset the robot position. If an error
occurs, the program jumps to label [99].

11: CALL ADJ_OFS(1, 1, 11, 2, 3)
12:  IF R[3]<>0, JUMP,LBL[99]
13: L P[1] 100mm/sec FINE VOFFSET,VR[2]

Setting of the amount of adjustment
Set the amount of adjustment as follows:

1. Set XYZWPR=(0, 0, 0, 0, 0, 0) in the position register that stores the amount of adjustment.

Place the workpiece in the camera’s field of view at the same angle as when the reference position
was set, and then run the program.

Touch up the workpiece using the robot.

If the position is invalid, subtract the offset value and re-teach the position.

Replace the workpiece by rotating it by 180 degrees, and then run the program.

Touch up the workpiece again using the robot.
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7. If the touched up position is 10 mm off the expected position in the X direction, set half of 10 mm -
5 mm - in X of the position register that stores the amount of adjustment.
8. SetY in the same way.

Repeating steps 5 to 8 determines the amount of adjustment.

/ANCAUTION
When ADJ_OFS handles a vision register, ADJ_OFS modifies only the offset
data (XYZWPR) in the vision register specified by the argument 4. ADJ_OFS
does not modify the other data in the vision register.
So, when different vision register numbers are specified for the argument 2 and
4, if the user frame number specified in those vision registers are different, the
robot cannot be offset properly. Correct the user frame number of the output
vision register to be the same as the one of the input vision register in advance.

14.8 SORT RJ3

This program sorts a position register storing found results of a vision process according to a specified
sorting method. There are 13 specifiable sorting methods, as described later.

Argument 1: Sorting method
Specify the sorting method. The specifiable value range is 1 to 4, 11 to 18, and 21.

Argument 2:Register number
Specify the number of the register storing the number of found results to be sorted.

Argument 3: Start number of the position register to sort
Specify the start number of the position register storing the found results to be sorted.

Argument 4: X-direction diameter or width of the workpiece
Specify the X-direction diameter or width of the workpiece in mm. This argument is required
when the value set in argument 1 is 11 to 14. Otherwise, specify 0.

Argument 5: Y-direction diameter or width of the workpiece
Specify the Y-direction diameter or width of the workpiece in mm. This argument is required
when the value set in argument 1 is 15 to 18. Otherwise, specify 0.

Argument 6:Position register number
Specify the number of the position register storing the specified position when the value set in
argument 1 is 21. Sorting begins with the workpiece that is closest to this point. When the value
set in argument 1 is not 21, specify 0.

Argument 7:Register number
Specify the number of the register storing the flag that indicates whether to sort a register. If you
set 1 in the register specified here, when a position register is sorted, the register having the same
number is sorted as well. Use this argument in such cases as when you want to sort the model 1Ds
stored in a register in addition to position data. The argument can be omitted. Note that argument
7 is required when argument 8 is specified.

Argument 8:Register number
Specify the number of the position register to store the error number. This argument can be omitted.
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In the register to store the error number, one of the values shown below will be set depending on the error
that occurs:

0: The program ended normally.

1201: A required argument is not specified.

1202: An invalid argument is specified.

1203: The register storing the number cannot be read.

1204: The format of the register storing the number is invalid.

1205: The number is 0.

1206: The register storing the start number cannot be read.

1207: The format of the specified position register failed to be acquired.
1208: The format of the specified position register is invalid.

1209: The specified position register cannot be read.

1210: Data cannot be written to the specified position register.

1211: The format of an argument is invalid.

1212: The format of an argument is invalid.

1213: The value of the argument must be 0.

1214: The value set in the specified register must be 0.

1215: The value set in the argument must be greater than 0.

1216: The value set in the argument must be greater than 0.

1217: The value set in the argument must be greater than 0.

1218: There is an invalid argument.

1219: The format of the specified position register failed to be acquired.
1220: The format of the specified position register is invalid.

1221. The specified position register cannot be read.

1224 The specified position register has not been initialized.

In argument 1, specify one of the values shown below that corresponds to the desired sorting method.

The position register is sorted, beginning with the workpiece whose X value is the largest.
The position register is sorted, beginning with the workpiece whose X value is the smallest.
The position register is sorted, beginning with the workpiece whose Y value is the largest.
The position register is sorted, beginning with the workpiece whose Y value is the smallest.

el N S

>
y
e (X0, Yo)

From 11 to 18

Use these values when you want to have orderly aligned workpieces picked up sequentially, as shown
below. A total of eight different pick-up methods are defined, each corresponding to a distinct pick-up
order.
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Sample of
pick-up order

To pick up workpieces on a line-by-line (column-by-column) basis, a workpiece is first selected whose
position data X (Y) is the smallest (the largest). Those workpieces that are within the X-direction
(Y-direction) radius (half the width) of this workpiece are then selected as a line (row) (see the figure
below). This group of workpieces is sorted in the ascending (descending) order of the Y (X) value. By
repeating this process for the remaining workpiece groups, you can sort the workpieces on a line-by-line
(column-by-column) basis.

11.

12.

13.

14.

15.

16.

17.

>y — »| |¢«—— Workradius

(Y direction)
: I
N

|

Work radius
(X direction)

O
A

OO

Workpieces are sorted in the ascending order of the X value on a line-by-line basis. Workpieces on
the same line are sorted in the ascending order of the Y value. The value specified in argument 4 is
used as the X-direction radius (half the width) of the workpiece.

Workpieces are sorted in the ascending order of the X value on a line-by-line basis. Workpieces on
the same line are sorted in the descending order of the Y value. The value specified in argument 4
is used as the X-direction radius (half the width) of the workpiece.

Workpieces are sorted in the descending order of the X value on a line-by-line basis. Workpieces
on the same line are sorted in the ascending order of the Y value. The value specified in argument
4 is used as the X-direction radius (half the width) of the workpiece.

Workpieces are sorted in the descending order of the X value on a line-by-line basis. Workpieces
on the same line are sorted in the descending order of the Y value. The value specified in argument
4 is used as the X-direction radius (half the width) of the workpiece.

Workpieces are sorted in the ascending order of the Y value on a column-by-column basis.
Workpieces on the same column are sorted in the ascending order of the X value. The value
specified in argument 5 is used as the Y-direction radius (half the width) of the workpiece.
Workpieces are sorted in the ascending order of the Y value on a column-by-column basis.
Workpieces on the same column are sorted in the descending order of the X value. The value
specified in argument 5 is used as the Y-direction radius (half the width) of the workpiece.
Workpieces are sorted in the descending order of the Y value on a column-by-column basis.
Workpieces on the same column are sorted in the ascending order of the X value. The value
specified in argument 5 is used as the Y-direction radius (half the width) of the workpiece.

NI NI

b
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18. Workpieces are sorted in the descending order of the Y value on a column-by-column basis.
Workpieces on the same column are sorted in the descending order of the X value. The value
specified in argument 5 is used as the Y-direction radius (half the width) of the workpiece.

21. Workpieces are sorted in the ascending order of the value representing the square
(X, —X)> +(y, —y)* of the distance from the point (x,, y,) specified in argument 6.

>
y
e (X0, Yo)

14.9 SENDPREG, SENDREG, RECVPREG, RECVREG,
CLRPREG, CLRREG

These programs send and receive the data of a register or position register between robots.
All robots that will exchange the data should be interconnected using Ethernet.

Each robot has 10 receive buffers to receive register data and position register data. The robots

exchange data as follows.

1. The receiving robot clears its transfer end flag.

2. The sending robot writes register data or position register data to the receive buffer of the receiving
robot and sets 1 in the receiving robot's transfer end flag.

3. Upon finding that 1 is set in its transfer end flag, the receiving robot writes the data of the receive
buffer to its register or position register.

Setup of the robot ring
The robot ring needs to be set up in advance. You perform this task only once during system startup.
After that, a communication line is automatically established whenever the controller is powered on.
For information about the setup of the robot ring, see Section 4.9, "SETTING UP THE ROBOT RING".

CLRREG

This command clears the register data transfer end flag of the robot that executes the command to prepare
to receive register data. The receiving robot uses the command. The command has no argument.

SENDREG

This command writes the value of a specified register to the receive buffer of the receiving robot and sets
1 in the transfer end flag of the destination (receiving) robot. The sending robot uses the command.

Argument 1:Register number
Specify the number of the register whose data is to be transferred.

Argument 2: Receiving robot name
Specify the name of the destination (receiving) robot.

Specify a character string corresponding to the name that is set in Section 4.9, "SETTING UP THE
ROBOT RING".

Argument 3: Receive buffer number

Specify the number of the receive buffer of the destination (receiving) robot. The specifiable value
range is 1 to 10.
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Argument 4:Register number
Specify the number of the position register to store the error number. This argument can be omitted.

In the register to store the error number, one of the values shown below will be set depending on the error
that occurs:

0: The program ended normally.

1101: A required argument is not specified.

1102: An invalid argument is specified.

1103: The specified register cannot be read.

1104: The real number/integer distinction cannot be written to the receive buffer.
1105: Integer data cannot be written to the receive buffer.

1106: Real number data cannot be written to the receive buffer.

1107: A value cannot be written to the transfer end flag.

1108: Data cannot be written to the specified register.

RECVREG
This command checks whether data has been received. If so, the command causes the robot to write the
receive buffer data in its position register. Otherwise, the command ends without doing anything. The
receiving robot uses the command.

Argument 1:Receive buffer number
Specify the number of the receive buffer of the receiving robot. The specifiable value range is 1 to
10.

Argument 2:Register number
Specify the number of the register to which to write received data.

Argument 3:Register number
Specify the number of the register to which to write a value indicating whether data has been
received.
When data has been received, 1 is written in the specified register; otherwise, 0 is written.

Argument 4:Register number
Specify the number of the position register to store the error number. This argument can be omitted.

In the register to store the error number, one of the values shown below will be set depending on the error
that occurs:

0: The program ended normally.

901: A required argument is not specified.

902: An invalid argument is specified.

903: An invalid argument is specified.

904: Integer data cannot be written to the specified register.

905: Real number data cannot be written to the specified register.

906: The status of the transfer end flag cannot be written to the specified register.

907: Data cannot be written to the specified register.

CLRPREG
This command clears the position register data transfer end flag of the robot that executes the command to
prepare to receive position register data. The receiving robot uses the command. The command has no
argument.
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SENDPREG
This command writes the value of a specified position register to the receive buffer of the receiving robot
and sets 1 in the transfer end flag. The sending robot uses the command.

Argument 1:Position register number
Specify the number of the position register whose data is to be transferred.

Argument 2: Receiving robot name
Specify the name of the destination (receiving) robot.
Specify a character string corresponding to the name that is set in Section 4.9, "SETTING UP THE
ROBOT RING".

Argument 3: Receive buffer number
Specify the number of the receive buffer of the destination (receiving) robot. The specifiable value
range is 1 to 10.

Argument 4:Register number
Specify the number of the position register to store the error number. This argument can be omitted.

In the register to store the error number, one of the values shown below will be set depending on the error
that occurs:

0: The program ended normally.

1001: A required argument is not specified.

1002: An invalid argument is specified.

1003: The format of the specified position register failed to be acquired.
1004: The format of the specified position register is invalid.

1005: The specified position register cannot be read.

1006: The specified position register has not been initialized.

1007: The data of the position register cannot be written to the receive buffer.
1008: A value cannot be written to the transfer end flag.

1009: Data cannot be written to the specified register.

RECVPREG
This command checks whether data has been received. If so, the command causes the robot to write the
receive buffer data in its position register. Otherwise, the command ends without doing anything. The
receiving robot uses the command.

Argument 1:Receive buffer number
Specify the number of the receive buffer of the receiving robot. The specifiable value range is 1 to
10.

Argument 2:Position register number
Specify the number of the position register to which to write received data.

Argument 3:Register number
Specify the number of the register to which to write a value indicating whether data has been
received.
When data has been received, 1 is written in the specified register; otherwise, 0 is written.

Argument 4:Register number
Specify the number of the position register to store the error number. This argument can be omitted.

In the register to store the error number, one of the values shown below will be set depending on the error
that occurs:
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0:  The program ended normally.

801: A required argument is not specified.

802: An invalid argument is specified.

803: An invalid argument is specified.

804: The format of the specified position register failed to be acquired.

805: The format of the specified position register is invalid.

806: The position data cannot be written to the specified position register.

807: The status of the transfer end flag cannot be written to the specified register.
808: Data cannot be written to the specified register.

Usage example 1

Program examples for the sending and receiving robots are given below, respectively.

Receiving robot

1: CALL CLRREG
CALL CLRPREG
R[2]=0
R[3]=0

LBL[1]
CALL RECVREG(10,10,2,1)
IF R[2]=0 JUMP,LBLJ[1]
9: IF R[1]<>0 JUMP,LBL[99]
10:
11: LBL[2]
12: CALL RECVPREG(10,10,3,1)
13: IF R[3]=0 JUMP,LBL[2]
14: IF R[1]<>0 JUMP,LBL[99]

15:  END
25:  LBL[99]
26:  UALM[1]

Linel  The register gets prepared to receive data.

Line2  The position register gets prepared to receive data.

Line7 A check is made to see whether the register data has been received. If so, the data of receive
buffer 10 is written in register [10]. Information about whether the data has been received is
written in register [2].

Line 8  If the data has not been received yet, the program jumps to label [1] and makes the check again.

Line9  Ifan error occurs, the program jumps to label [99] to perform error processing.

Line 12 A check is made to see whether the position register data has been received. If so, the data of
receive buffer 10 is written in position register 10. Information about whether the data has been
received is written in register [3].

Line 13 If the data has not been received yet, the program jumps to label [2] and makes the check again.

Line 14 If an error occurs, the program jumps to label [99] to perform error processing.

Line 15 The program ends normally.

Line 26 The program performs error processing.

Sending robot
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CALL SENDREG(1,'R2',10,1)
IF R[1]<>0 JUMP,LBL[99]
CALL SENDPREG(1,'R2',10,1)
IF R[1]<>0 JUMP,LBL[99]
END

25:  LBL[99]
26:  UALM[1]

Linel  The data of register [1] is sent to receive buffer 10 of robot R2.

Line2  If the data fails to be sent, the program jumps to label [99] to perform error processing.
Line3  The data of position register [1] is sent to receive buffer 10 of robot R2.

Line4  If the data fails to be sent, the program jumps to label [99] to perform error processing.
Line5  The program ended normally.

Line 26 The program performs error processing.

14.10 cHk _PoS

Offsetting the robot position with {RVision may cause the robot to stop due to an alarm such as one that
arises when the workpiece is outside the range of robot motion. This occurs, for example, if the
workpiece is within the detection range of iRVision but outside the range of robot motion or if the robot
cannot take the specified posture to pick up the workpiece. CHK_POS checks whether the robot can
move to the offset position before it actually travels there. The use of CHK_POS ensures that iRVision
proceeds to process the next workpiece smoothly without causing any alarm.

Argument 1: Group number
Specify the motion group number of the robot.

Argument 2: User frame number of the position data
Specify the user frame number of the position data you want to check.

Argument 3: Tool frame number of the position data
Specify the tool frame number of the position data you want to check.

Argument 4: Position register number
Specify the number of the position register storing the position data you want to check.

Argument 5: Position register number
Specify the number of the position register storing the fixed frame offset data.

Argument 6: Position register number
Specify the number of the position register storing the tool offset data.

Argument 7: Register number
Specify the number of the register to store the error number.  This argument cannot be omitted.

In the register to store the error number, one of the values shown below will be set depending on the error
that occurs:

0: The program ended normally.(The robot can move to the offset position.)

1301: A required argument is not specified.

1302: An invalid argument is specified.

1303: The specified user frame cannot be read.

1304: The specified tool frame cannot be read.

1305: Data cannot be written to the specified register.
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1306: The system variable SMOR_GRP[x].$NIL_POS cannot be read.

1307: The format of the specified position register failed to be acquired.

1308: The format of the specified position register is invalid.

1309: The specified position register cannot be read.

1310: The specified position register has not been initialized.

Other:  Alarm number indicating the reason why the robot cannot move to the offset position (e.g.,
15018 - MOTN-018 Position not reachable).

Error codes from 1300 to 1399 indicate that an error has occurred during the execution of the tool.
Other error codes are alarm codes that indicate the reason why the robot cannot move to the offset
position.

An alarm code consists of two high-order digits representing an alarm ID and three low-order digits
representing an alarm number. In the case of 15018, for example, the alarm ID is 15, which indicates an
operation alarm, and the alarm code is "MOTN-018". For details of the alarm codes, refer to the alarm
code table provided in the "R-30ZA Operations Manual".

Usage example 1

11: J P[1] 100% FINE

12:  PR[1]=P[2]

13: CALL CHK_P0S(1,0,1,1,2,0,1)

14:  IF R[1]<>0 JUMP,LBL [99]

15: L P[2] 2000mm/sec FINE OFFSET,PR [2]
16:  LBL[99]

Line 12 The taught position (pre-offset position) is copied to the position register.

Line 13 The group number is 1, the user frame number is 0, and the tool frame number is 1.
Line 14 If the robot cannot move to the offset position, the program jumps to label [99].
Line 15 If the robot can move to the offset position, the program lets it do so.

14.11 stvs1

Based on the result of finding one workpiece with two cameras, this function calculates the 3D position of
that workpiece in a stereo fashion. Using the bin-pick search vision process to detect the gaze lines from
the camera to the workpiece, STVS1 determines the 3D position (XYZ) of the workpiece through stereo
calculation utilizing the two cameras' gaze line data and saves the position in a position register. In the
vision processes for both of these cameras, the same user frame needs to be set as [Application UFrame].

Argument 1:Position register number
Specify the number of the position register storing the gaze line data of camera A.

Argument 2:Position register number
Specify the number of the position register storing the gaze line data of camera B.

Argument 3:Register number
Specify the number of the register storing the error limit of the distance between the two gaze lines
from the two cameras to the workpiece. The distance between gaze lines is the length of a common
line that is perpendicular to the two gaze lines. When the two gaze lines completely cross each
other, the distance between them is 0. If they do not cross each other due to error, the distance
between them is a positive value. The 3D position is calculated only when the distance between
gaze lines is below the error limit specified here.

Argument 4:Position register number
Specify the number of the position register storing the calculated 3D position.
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Argument 5:Register number

Specify the number of the position register to store the error number. This argument can not be
omitted.

In the register to store the error number, one of the values shown below will be set depending on the error
that occurs:

O.

1401:
1402:
1403:
1404:
1405:
1406:
1407:
1408:
1409:
1410:
1411:

The program ended normally.

A required argument is not specified.

An invalid argument is specified.

The data of the specified register failed to be obtained.
Data cannot be written to the specified register.

The format of the specified position register failed to be acquired.
The format of the specified position register is invalid.
The specified position register cannot be read.

The specified position register has not been initialized.
Data cannot be written to the specified position register.
The camera inclination is too small.

The gaze lines are too far apart from each other.

Usage example 1

Camera A Camera B
Gaze line P1 Gaze line P2

<‘l:| fork 3D position P4

The length of minimum straight line between gaze lines

becomes the distance between gaze lines.

11:
12:
13:
14:
15:

16: L P[1] 4000mm/sec FINE OFFSET,PR [2]

CALL STVS1(P1,P2,P3,P4,P5)
IF R[P5]<>0 JUMP,LBL [999]
CALL OFS_RJ3(1,P4,0,1,0,2,0)
UFRAME [n]=PR[2]
PR[2]=UFRAMEI[n]

14.12 vL RENAME, VL_DELETE

Vision Log function can take much time to save logs or to show logs when there are too many logged
data for the day or there are too many logs in the memory card. These functions provide good measures
for these issues.

VL_RENAME

This function is to be used when too many logs need to be logged for a day.
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VL_DELETE
This function is to be used when there are too many logs in the memory card.

14.12.1 vL_RENAME

Logging too many data and images a day causes a problem that logging new data and images takes more
time. Vision logs are recorded in the specified folder of the memory card, and this function solves the
problem by periodically changing the folder.

When VL_RENAME is executed by specified times or more, VL_RENAME changes the vision log
folder. Actually, VL_RENAME counts how many times it is executed. When the execution number
gets bigger than the specified number, VL_RENAME changes the vision log folder name.

Argument 1:The number of execution times to change
Specify the number of times to change the destination folder. VL_RENAME changes the folder
when VL_RENAME itself is executed by the number.

Argument 2:Register number
Specify the number of the register to store the error number.  This argument is optional.

In the register to store the error number, one of the values shown below will be set depending on the error
that occurs:

0: The program ended normally.

1701: A required argument is not specified.

1702: An invalid argument is specified.

1703: An invalid argument is specified.

1704: The system variable $VISION_CFG.$LOG_PATH cannot be changed.

1705: Data cannot be written to the specified register.

Usage example
The example below changes the vision log folder everywhen VL_RENAME is executed 100 times.

11: CALL VL_RENAME(100,2)
12:  VISION RUN_FIND VISION1
13:  VISION GET_OFFSET VISION1 VR[1] JUMP,LBL[99]

Supplemental Explanation
By default, the vision log is recorded in the folder MC:/VISION/LOG/. A sub-folder is created for each
day under the folder and the vision log and images for the day are saved in the created sub-folder. For
example, “MC:/VISION/LOG/Y08APR10/” is the sub-folder for April 10, 2008.

When the number of files in the sub-folder is more than a certain number, the time to log new data and
image becomes longer. By executing VL_RENAME along with the vision process execution as a pair,
the problem can be prevented. VL_RENAME counts the number of times that the vision process is
executed, and changes the vision log folder when the number of executions exceeds the specified number.

Note that VL_RENAME doesn’t change the folder name according to the number of logged images. It
changes according to the number of its execution times. Therefore, the both numbers are the same when
the vision process is configured to save all images, but the numbers are different when the vision process
is configured only to save failed images.

VL_RENAME changes the vision log folder name to something like “MC:¥VISION¥LOG¥LXXXX¥".
The “xxxx” part is a number from 1 to 1000, and incremented when VL_RENAME is executed by more
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than the specified number. The folder name is such as “MC:¥VISION¥LOG¥L1¥Y11MAR31”. When
“xxxX” is bigger than 1000, it becomes 1.

The logged data and images can be viewed on a PC or can be used for test detection. (See also 4.3.4
“Viewing the Vision Log” and 4.12.12 “Image Playback™.)

Note that because this function changes the vision log folder, the viewable/usable vision logs are only the
ones in the currently selected folder. When you want to view/use vision logs in another folder, change
the vision log folder name in the Vision System Setting page. See also 4.10 “SYSTEM SETTING” for
the System Setting page.

Moreover, after a test execution, you have to set the folder name back to the previous one. Otherwise,
new data and images will be logged in a wrong folder.

14.12.2 VL _DELETE

When the free space of a memory card is less than the specified value, the old vision log is deleted to
have enough free space to write a new vision log. But finding and deleting the old vision log requires
time, so vision execution time is affected. And when there are too many vision logs in the memory card,
viewing vision logs is also slow. This function allows you to delete old vision logs while the system is
not busy.

VL_DELETE deletes the old vision logs created the specified days or more ago from today. Deleting
the old vision logs will take much time, so run this function when the system is not busy.

Argument 1: The number of days to delete
Specify the number of days ago from today to delete the old vision logs.

Argument 2: Register number
Specify the number of the register to store the error number.  This argument is optional.

In the register to store the error number, one of the values shown below will be set depending on the error
that occurs:

0: The program ended normally.

1801: A required argument is not specified.

1802: An invalid argument is specified.

1803: An invalid argument is specified.

1804: A file cannot be deleted.

1805: A folder cannot be deleted.

1806: Data cannot be written to the specified register.

Usage example
This example deletes vision logs older than 10 days.
By running this once a day, you can keep your iRVision to have recent 10 days vision logs.

| 11: CALL VL DELETE(10,3)
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15 trRouBLESHOOTING

When the iRVision does not operate as expected, check the information provided in this chapter.

15.1 ALARMCODES

CVIS-001: Not enough memory to process
[Cause]
The controller does not have a memory space sufficiently large enough to perform specified image
processing. Turn off the power to the controller then turn on the power to the controller again.
[Remedy]
If this alarm is posted repeatedly, consider and take the following actions:

Consider replacing your controller’s CPU card to be the one with 64 MB DRAM module. Contact
FANUC or FANUC Robotics.

While the production line is under execution, do not open the iRVision setup window on PC. If a
setup window is opened, the setup window uses a significantly large memory space, so that memory
space required for line execution may become unavailable.

When a vision process based on multiple cameras or three-dimensional sensors is used, modify your
TP program and add CAMERA_VIEWI[X] to the VISION RUN_FIND command so that the
VISION RUN_FIND command is called for each camera view. Compared with a case where all
camera views are executed at a time, the maximum memory space momentarily required is reduced.
When the vision process has many locator tools, consider splitting the vision process into some
vision process. A larger memory space is needed to execute if a vision process has many locator
tools.

Consider adjusting parameters for the pattern match tool that has been taught to the vision process. A
larger memory space is needed as a larger search range is specified for the search window, angle,
size, aspect, and so forth. A larger memory space is required as a smaller value is specified for the
score threshold, contrast threshold, and so forth.

Consider modifying a model pattern for the pattern match tool that has been taught to the vision
process. As the figure of a model pattern is simpler, judgment as to whether the figure is identical is
more difficult and a larger memory space is needed.

Consider improving the illumination and background. If the background is more complicated and its
image varies more in darkness, a larger memory space is required for detection.

When the situation is not improved even if the actions above are taken, Contact FANUC or FANUC
Robotics, or FANUC Robotics.

CVIS-002: Bad arguments to the function
[Cause]
Internal error.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-003: Cannot find specified file
[Cause]
The specified file does not exist on the disk.
[Remedy]
Enter the correct file name.
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CVIS-004: The file already exists
[Cause]
The specified file already exists.
[Remedy]
Specify another file name.

CVIS-005: File access is denied
[Cause]
The specified file is for read only.
[Remedy]
Change the file attribute.

CVIS-006: Not enough space on the disk
[Cause]
There is not enough space on the disk of the controller to write the file.
[Remedy]
Delete unnecessary files. When there are no unnecessary files and this message persists, Contact
FANUC or FANUC Robotics.

CVIS-007: Unsupported image file
[Cause]
The image file is corrupted or uses an unsupported file format.
[Remedy]
The iRVision supports 8 or 24 bit/pixel BMP and PNG only.

CVIS-008: Bad vector/matrix dimensions
[Cause]
Internal error.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-009: The matrix is not square
[Cause]
Internal error.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-010: The matrix is singular
[Cause]
Internal error.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-011: The objects are parallel
[Cause]
Internal error.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-012: The quadratic is a parabola
[Cause]
Internal error.
[Remedy]

- 455 -



15.TROUBLESHOOTING B-82774EN/04

Contact FANUC or FANUC Robotics.

CVIS-013: The quadratic is a hyperbola
[Cause]
Internal error.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-014: Not enough points for fitting
[Cause]
Internal error.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-015: Too few calibration points
[Cause]
Calibration points are too few to accomplish calibration.
[Remedy]
The minimum number of the points is five for one surface or seven for two surfaces. However, a large
dot must be found. Check whether all calibration points are found properly.

CVIS-016: Cannot calibrate the camera
[Cause]
Calibration cannot be accomplished with the found points.
[Remedy]
Check whether all calibration points are found properly.

CVIS-017: Invalid file name
[Cause]
The specified file name is invalid.
[Remedy]
No file name is entered or an attempt is made to save an image in a format other than BMP or PNG.
Enter a file name with the extension BMP or PNG.

CVIS-018: The mask size is bad
[Cause]
Internal error.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-019: The window size is bad
[Cause]
Set window size is invalid.
[Remedy]
Change the size of the window.

CVIS-020: Big circles cannot be distinguished
[Cause]
In calibration grid plate measurement, four large circles could not be recognized correctly.
[Remedy]
Check whether the calibration plate is inclined too much. Take the following actions so that the large
circles can be detected correctly.
e  Clean the plate if dirty.
e Replace the plate with a new one if the plate has a large flaw.

- 456 -



B-82774EN/04 15.TROUBLESHOOTING

e  Adjust the search range so that the range contains the plate.
e If the background appears around the plate, hide the background with a sheet.

CVIS-021: Exceed VisPool (xx Bytes)

[Cause]

Vision pool lacked sufficient available memory to perform the specified image processing, so the image

processing was performed using some memory from Temporary pool. The alarm message shows the

amount of memory used from Temporary pool.

[Remedy]

Urgent remedy would not be needed, but if this alarm is posted too frequently, consider taking the

following actions:

e  Consider replacing your controller’s CPU card to be the one with 64 MB DRAM module. Contact
FANUC or FANUC Raobotics.

e  While the production line is under execution, do not open the iRVision setup window on PC. If a
setup window is opened, the setup window uses a significantly large memory space, so that memory
space required for line execution may become unavailable.

e  When a vision process based on multiple cameras or three-dimensional sensors is used, modify your
TP program and add CAMERA_VIEW[X] to the VISION RUN_FIND command so that the
VISION RUN_FIND command is called for each camera view. Compared with a case where all
camera views are executed at a time, the maximum memory space momentarily required is reduced.

e  When the vision process has many locator tools, consider splitting the vision process into some
vision process. A larger memory space is needed to execute if a vision process has many locator
tools.

e  Consider adjusting parameters for the pattern match tool that has been taught to the vision process. A
larger memory space is needed as a larger search range is specified for the search window, angle,
size, aspect, and so forth. A larger memory space is required as a smaller value is specified for the
score threshold, contrast threshold, and so forth.

e  Consider modifying a model pattern for the pattern match tool that has been taught to the vision
process. As the figure of a model pattern is simpler, judgment as to whether the figure is identical is
more difficult and a larger memory space is needed.

e  Consider improving the illumination and background. If the background is more complicated and its
image varies more in darkness, a larger memory space is required for detection.

When frequency of this alarm does not decrease even if the actions above are taken, you can enlarge the
vision pool size. The vision pool size is defined with $VISPOOL_SIZ system variable (its default value is
4000000 = 4 M bytes). To change the vision pool size, change the system variable, and reboot the
controller.

NOTE
By enlarging the vision pool, size of Temporary pool decreased. Make sure that
available memories in Temporary pool at controller start up is larger than 3M
bytes.

When the situation is not improved even if the actions above are taken, Contact FANUC or FANUC
Robotics.

CVIS-022: Focal length and Z distance could not be calculated.
[Cause]
Focal distance and Z distance could not be calculated. When optical axis of camera is perpendicular to
plate, focal distance and Z distance cannot be calculated accurately.
[Remedy]
In the case of a robot-mounted camera is used or when the calibration grid plate is mounted on the robot
end of arm tooling, 2-plane calibration should be done. In the case of lens which projects orthogonally as
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telecentric lens, set Projection to Orthogonal and retry calibration. In other case, set Override Focal
Distance to Yes and Focal Dist to the value of nominal focal distance of the lens, and retry calibration.

When the situation is not improved even if the actions above are taken, Contact FANUC or FANUC
Robotics.

CVIS-030: The model pattern is not trained.
[Cause]
GPM Locator Tool was executed without the model pattern trained.
[Remedy]
Teach the model of a pattern match.

CVIS-031: There are not enough features in the training window
[Cause]
GPM Locator Tool error. When a model was taught, no feature was found in its image or features were
found but they were insufficient.
[Remedy]
Use another part of the image as the model or teach a model using another image by taking it after
adjusting the exposure time so that the contrast becomes high.

CVIS-032: Bad arguments
[Cause]
Internal error.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-033: The operation has timed out
[Cause]
GPM Locator Tool error. The location processing time in a pattern match has exceeded the specified
[Timeout] setting.
[Remedy]
Increase the allowable processing time. Alternatively, make one of the following adjustments so as to
decrease the required processing time.

Use a complex geometry as the model.

Uncheck the orientation, scale, and aspect ratio check boxes whichever are unnecessary.

Specify a larger score threshold.

Specify a larger contrast threshold.

Narrow the orientation, scale, and aspect ratio search ranges.

Reduce the size of the search window.

CVIS-034: The emphasis area is not trained
[Cause]
GPM Locator Tool error. No emphasis area is set when the use of the emphasis area is enabled in the
GPM Locator Tool Setup window.
[Remedy]
Take one of the following actions:
e  When not using the emphasis area, uncheck the [Enable] box for Emphasis Area.
e  When using the emphasis area, click the [Edit EA].

CVIS-035: The emphasis area is too large
[Cause]
GPM Locator Tool error.  The set emphasis area is too large.
[Remedy]
Set a smaller emphasis area.
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CVIS-036: The emphasis area is too small
[Cause]
GPM Locator Tool error.  The set emphasis area is too small.
[Remedy]
Set a larger emphasis area.

CVIS-037: The model pattern is not symmetrical
[Cause]
GPM Locator Tool error. For a non-rotatable model, an attempt was made to have the model origin
automatically set by clicking the "Center Origin™ button.
[Remedy]
The model origin of a non-rotatable model cannot be set automatically by clicking the "Center Origin"
button. Use the "Set Origin" button to set the model origin.

CVIS-038: Too many candidates to process
[Cause]
GPM Locator Tool error. The image has too many candidate patterns to evaluate, so the requested image
process could not be done.
[Remedy]
Make the following adjustments to reduce the search candidates:
e  Use a complex geometry as the model pattern.
Uncheck the unnecessary items of Orientation, Scale, and Aspect Ratio.
Specify a larger score threshold.
Specify a larger contrast threshold.
Narrow the search ranges for Orientation, Scale, and Aspect Ratio.
Reduce the size of the search window.
Improve lighting to reduce noise in the images.

CVIS-039: The mask doesn't fit the model pattern
[Cause]
Internal error.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-040: The mask doesn't fit the search window
[Cause]
Internal error.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-041: File version error
[Cause]
GPM Locator Tool error. The version of the GPM Locator Tool data saved in the file is too new.
[Remedy]
Update the controller software to the newest version or re-create the data.

CVIS-042: File is broken
[Cause]
GPM Locator Tool error. The GPM locator tool data stored in the file is corrupted.
[Remedy]
Contact FANUC or FANUC Robotics.
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CVIS-043: The search window is too small
[Cause]
GPM Locator Tool error.  The set search window is too small.
[Remedy]
Expand the size of the search window.

CVIS-050: Exposure is invalid
[Cause]
The exposure time is too long or short.
[Remedy]
Set it in the range from 0.04 ms to 250 ms.

CVIS-051: Laser window is invalid
[Cause]
No laser measurement area has been set up or a set laser measurement area is too small.
[Remedy]
Re-teach a measurement area. The minimum allowable laser measurement area is 8 pixels in both height
and width. If it is necessary to measure laser beams in a smaller area, increase the size of the
measurement area and then limit it by setting up a mask.

CVIS-052: Calibration data is not perspective
[Cause]
The calibration data is improper.
[Remedy]
Make sure that 3D laser sensor calibration data has been selected.

CVIS-053: Calculation is not converged
[Cause]
Measured laser spots did not converge at one point. The probable causes are: the calibration data is
incorrect; within the measurement range, the height of a workpiece differs largely from that of another
workpiece.
[Remedy]

CVIS-054: Laser line is not found
[Cause]
No straight line was found from a string of laser spots.
[Remedy]
First, adjust the setting of exposure so that an appropriate laser image can be obtained. Next, make sure
that the laser measurement area was taught properly. If the pattern match model origin is changed after
the laser measurement area has been taught, it is likely that the laser measurement area may move to an
unintended position during execution. If you changed the model origin, re-set the laser measurement
area. If these methods cannot solve the problem, adjust the detection parameter for the string of laser
spots.

CVIS-055: Not enough laser points for calculation
[Cause]
The number of detected laser points is less than the threshold.
[Remedy]
First, adjust the setting of exposure so that an appropriate laser image can be obtained. Next, make sure
that the laser measurement area was taught properly. If the pattern match model origin is changed after
the laser measurement area has been taught, it is likely that the laser measurement area may move to an
unintended position during execution. If you changed the model origin, re-set the laser measurement
area. If these methods cannot solve the problem, adjust the detection parameter for the string of laser

- 460 -



B-82774EN/04 15.TROUBLESHOOTING

spots.  Alternatively, enabling the [Search narrow area] function can increase the number of laser spots
even if the measurement area remains the same.

CVIS-056: Laser plane is not found
[Cause]
No plane was found during laser measurement.
[Remedy]
First, adjust the setting of exposure so that an appropriate laser image can be obtained. Next, make sure
that the laser measurement area was taught properly. If the pattern match model origin is changed after
the laser measurement area has been taught, it is likely that the laser measurement area may move to an
unintended position during execution. If you changed the model origin, re-set the laser measurement
area. If these methods cannot solve the problem, adjust the detection parameter for the string of laser
spots.

CVIS-057: Zero vector is used in calculation
[Cause]
This is an internal error found during laser measurement.
[Remedy]
Contact FANUC or FANUC Raobotics.

CVIS-058: Input data is out of range
[Cause]
This is an internal error found during laser measurement.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-059: Leaning angle exceeded limit
[Cause]
During 3D measurement, it was found that the workpiece had been tilted more than the setting, as
compared with when the reference data was obtained.
[Remedy]
If this tilting of the workpiece is permissible, increase the setting. Otherwise, eject the workpiece.
Alternatively, make adjustments so that the tilting of the workspace will fall within the setting.

CVIS-061: Parameter is not initialized
[Cause]
Vision Shift error.  This is an internal error.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-062: Target is rotated too much
[Cause]
Vision Shift error.  Unable to find a target in an image because the rotation angle of the target is larger
than the allowable rotation angle.
[Remedy]
Adjust the 'Rotation Angle' parameter in vision setup screen.

CVIS-063: Target is too close
[Cause]
Vision Shift error.  Unable to find a target in an image because the target in an image is too large. The
distance between a camera and a target may be shorter than allowable distance limit.

[Remedy]
Check the distance between the target and the camera, or adjust the 'Distance Limit' parameter in vision

setup screen.
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CVIS-064: Target is too far away
[Cause]
Vision Shift error.  Unable to find a target in an image because the target in an image is too small. The
distance between a camera and a target may be longer than allowable distance limit.
[Remedy]
Check the distance between the target and the camera, or adjust the 'Distance Limit' parameter in vision
setup screen.

CVIS-065: Target is tilted too much
[Cause]
Vision Shift error.  Unable to find a target in a image because the target in a image is too small. The
distance between a camera and a target may be longer than allowable distance limit.
[Remedy]
Check the distance between the target and the camera, or adjust the 'Distance Limit' parameter in vision
setup screen.

CVIS-066: Contrast is too low
[Cause]
Vision Shift error.  Unable to find a target in a image because the image contrast is low. The image
contrast may be lower than the image contrast threshold.
[Remedy]
Check the image and adjust camera and lighting conditions so that the clear target image can be captured.
Otherwise adjust the "Contrast" parameter in vision setup screen.

CVIS-067: Target is not clear
[Cause]
Vision Shift error.  Unable to find a target in a image because the detection score is low. The score of
geometrical feature matching between the target and the taught model may be less than the threshold
value.
[Remedy]
Check the image or adjust the "Score" parameter in vision setup screen.

CVIS-068: Mastering calculation is failed
[Cause]
Vision Shift error.  This is an internal error.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-069: Data is not for vision shift
[Cause]
Vision Shift error.  Specified vision data is not for vision shift. The specified vision data may be created
by iRVision setup.
[Remedy]
Rename or delete the currently specified vision data using iRVision setup, then create the vision data
using vision setup screen for Vision Shift.

CVIS-070: Remove Vision Board
[Cause]
Vision Shift cannot run when the vision board is plugged in.
[Remedy]
Remove the vision board temporarily while running Vision Shift.
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CVIS-079: Vision log timeout
[Cause]
Timeout occured during logging vision results.
[Remedy]
Change the memory card, or delete some files.

CVIS-080: The camerais busy
[Cause]
The camera is busy in processing an image and cannot respond to the request.
[Remedy]
Wait until the processing ends.

CVIS-081: Invalid camera type specified
[Cause]
The specified camera type is invalid.
[Remedy]
Specify a camera of a valid type.

CVIS-082: Invalid image object passed
[Cause]
Internal error.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-083: Exposure time is out of range
[Cause]
The specified exposure time is out of range.
[Remedy]
Specify an exposure time within the range (0.04 to 250 ms).

CVIS-084: Invalid camera port specified
[Cause]
An invalid camera port number is specified.
[Remedy]
Specify a valid camera port number.

CVIS-085: Camera time out
[Cause]
Internal error.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-086: Camera is not 3D laser sensor
[Cause]
The specified camera port number cannot be used by a 3D sensor.
[Remedy]
Set a proper port number.

CVIS-087: DEPICT error
[Cause]
Images could not be captured by a USB camera.
[Remedy]
Contact FANUC or FANUC Robotics.
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CVIS-088: Vision FPGA version error
[Cause]
The FPGA version is too old.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-089: Camera is not initialized
[Cause]
The camera is not initialized. The hardware may be damaged.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-090: Vision DMA error
[Cause]
A DMA error occurred during the image capture. The hardware may be damaged.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-091 The auto exposure setting is not trained
[Cause]
Although the vision process is configured to use the auto exposure function, it is executed with the auto
exposure function not taught.
[Remedy]
Teach the auto exposure function.

CVIS-092: The auto exposure setting is too bright
[Cause]
The area taught by the auto exposure function is too bright.
[Remedy]
Teach a different area or turn down the lighting.

CVIS-093: The auto exposure setting is too dark
[Cause]
The area taught by the auto exposure function is too dark.
[Remedy]
Teach a different area, or turn up the lighting.

CVIS-094: The auto exposure setting is bad
[Cause]
The auto exposure function setting is invalid.
[Remedy]
Teach it again.

CVIS-095: This Board has no CAMERA I/F
[Cause]
Camera I/F circuit is not implemented on your hardware. So vision functions cannot be used.

CVIS-096: Multi exposure exceeded the limit. Number of exposures will be
modified at execution

[Cause]

Exposure times calculated for the multi-exposure function exceed the limit of the exposure time available

with the camera. So number of exposures will be different from your setting.

[Remedy]

Usually not needed. But changing the number of exposures or exposure time may be recommended.
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CVIS-097: Area is not trained. Area is reset.
[Cause]
Area of the set window is zero. So now the multi-exposure window has been set to the default window.
[Remedy]
Not needed.

CVIS-098: The camerais disconnected
[Cause]
The power to the camera is turned off with the sensor disconnect function.
[Remedy]
After connecting the camera, execute the sensor connect command to feed power to the camera.

CVIS-099: Not support this config of MUX
[Cause]
The sensor disconnect function cannot be used with the multiplexer currently used.
[Remedy]
Check the type of multiplexer.

CVIS-100: A vision data file with that name already exists.
[Cause]
A vision data file with the specified name already exists.
[Remedy]
Specify another file name.

CVIS-101: The vision data file does not exist.
[Cause]
A vision data file with the specified name does not exist.
[Remedy]
Specify an existent vision data file.

CVIS-102: Invalid vision data pointer
[Cause]
Internal error.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-103: The vision data file is already open for writing
[Cause]
The specified vision data is currently in use.
[Remedy]
Close the vision data before performing the operation.

CVIS-104: No more vision data found
[Cause]
Internal error.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-105: Cannot delete the vision data file because it is open
[Cause]
The specified vision data cannot be deleted because it is currently in use or because another vision data
file using it is currently in use.
[Remedy]
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Close the vision data before deleting it.

CVIS-106: Cannot rename the vision data file because it is open
[Cause]
The specified vision data cannot be renamed because it is currently in use.
[Remedy]
Close the vision data before renaming it.

CVIS-107: Cannot apply because reserved
[Cause]
The specified vision data cannot be saved because it is currently in use.
[Remedy]
Close the vision data before saving it.

CVIS-108: Tool type not found
[Cause]
This vision data contains a vision tool not supported by the controller.
[Remedy]
Please purchase an option that can be used by this vision data.

CVIS-109: Interface not supported
[Cause]
Internal error.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-110: Double registration
[Cause]
Internal error.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-111: The vision data file is broken
[Cause]
The vision data file is corrupted.
[Remedy]
Contact FANUC or FANUC Raobotics.

CVIS-112: Parent camera view not found
[Cause]
Internal error.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-113: The vision data file is too old to load
[Cause]
The vision data cannot be opened because it was created with an incompatible version of UIF.
[Remedy]
Create a new vision data file. Alternatively, use the UIF version that was used in creating the vision
data.

CVIS-114: The vision data file is too new to load
[Cause]
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The vision data cannot be opened because it was created with a UIF version newer than the currently
installed UIF version.

[Remedy]

Create a new vision data file. Alternatively, upgrade the UIF to the version used to create the vision
data.

CVIS-115: Invalid vision data name
[Cause]
The vision data name contains one or more invalid characters.
[Remedy]
Check the vision data name.

CVIS-116: There is not enough space on the disk
[Cause]
Disk free space is not sufficiently large for saving the vision data.
[Remedy]
Delete unnecessary vision data. For radical measures, see Subsection 11.2.3, "To Create More Vision
Data".

CVIS-117: Cannot insert this tool
[Cause]
The selected tool cannot be inserted.
[Remedy]
The 3DL vision process allows only laser measurement tools of the same type to be added. If it is
necessary to add a different type, the existing laser measurement tools must be deleted.

CVIS-118: Target Controller has no vision
[Cause]
The target controller has no vision option.
[Remedy]
Select a controller that has a vision option.

CVIS-119: The vision program can not output this vision parameter
[Cause]
This parameter cannot be output.
[Remedy]
Select the correct parameter.

CVIS-120: Could not log data
[Cause]
A vision log could not be recorded.
[Remedy]
Create free space by inserting a new memory card into the controller, using a memory card with a larger
capacity, or deleting unnecessary files from the memory card.

CVIS-121: Could not log image
[Cause]
A vision log image could not be recorded.
[Remedy]
Create free space by inserting a new memory card into the controller, using a memory card with a larger
capacity, or deleting unnecessary files from the memory card.

CVIS-122: Log file is broken
[Cause]
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This version of controller cannot read the specified vision log.
[Remedy]
Use a controller of the newer version.

CVIS-123: Unknown tag specified to log
[Cause]
Internal error of the vision log function.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-124: Bad log file open mode
[Cause]
Internal error of the vision log function.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-125: Log record is full
[Cause]
Internal error of the vision log function.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-126: No more elements in log record
[Cause]
Internal error of the vision log function.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-127: Invalid index specified
[Cause]
Internal error of the vision log function.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-128: Specified tag not found
[Cause]
Internal error of the vision log function.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-129: Unknown tag found in log file
[Cause]
The vision log file is too new and cannot be read with this controller.

CVIS-130: No free disk space to log
[Cause]
The vision log could not be recorded.
[Remedy]
Create free space by inserting a new memory card into the controller, using a memory card with a larger
capacity, or deleting unnecessary files from the memory card.

CVIS-131: Resume data logging
[Cause]
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The recording of the vision log has been resumed.
[Remedy]
Not needed.

CVIS-132: Cannot log because of bad clock setup
[Cause]
The clock setup of the controller is incorrect, so that vision log could not be recorded.
[Remedy]
Set the clock of the controller to correct time.

CVIS-133: Missing my work area
[Cause]
The work area of the controller cannot be found.
[Remedy]
Teach line data.

CVIS-134: Line data is not trained
[Cause]
Line data is not trained.
[Remedy]
Teach line data.

CVIS-135: This tool is not trained.
[Cause]
This tool is not trained.
[Remedy]
Train the selected vision tool.

CVIS-137: This tool is not trained.
[Cause]
This tool is not trained.
[Remedy]
Train the selected vision tool.

CVIS-136: Please enter a valid robot IP address
[Cause]
The set IP address is incorrect.
[Remedy]
Enter the correct IP address.

CVIS-137: The robot name XXX or IP address is already in use
[Cause]
The same robot name or IP address is already used.
[Remedy]
Change the robot name or IP address.

CVIS-138: The robot name must start with a letter, contain no spaces, not contain
the characters ¥/:*?"<>|
[Cause]
When entering a robot name, use half-size letters or katakana characters. Do not use a number as the first
character. Moreover, do not use a space, ¥,/,:, *,?,", <,>,and |.
[Remedy]
Enter a valid robot name.
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CVIS-139: Cannot delete this tool
[Cause]
The specified tool cannot be deleted from the tree window. Some programs have been designed to
prevent the number of command tools from being set below a predetermined number.
[Remedy]
Before trying to delete the specified tool, create another one.

CVIS-140: The value %s is out of range. The valid range is %s to %s.
[Cause]
The specified value is out of range.
[Remedy]
Specify a value within the range.

CVIS-141: The tool name '%s' is already in use
[Cause]
The specified name is already in use.
[Remedy]
Specify another name.

CVIS-142: The tool name must start with a letter, contain no spaces, not contain
the characters ¥/:*?""<>|, and be 34 characters or less.

[Cause]

The specified name is invalid.

[Remedy]

Specify a valid name.

CVIS-143: The image display is busy setting a cursor, a window, or a mask.
[Cause]
An attempt was made to perform another operation while a window or mask was being set.
[Remedy]
Complete the setting of the window or mask before performing another operation.

CVIS-144: The name has been truncated to XXX
[Cause]
A specified name was too long, so that the name was cut to an appropriate length.
[Remedy]
If the cut name is unacceptable, specify a shorter name.

CVIS-145: The image display is in live mode.
[Cause]
An attempt was made to perform another operation while an image was being displayed in live mode.
[Remedy]
Complete the live mode display before performing another operation.

CVIS-146: There is no image.
[Cause]
An attempt was made to teach a model using a pattern match when there was no image snapped.
[Remedy]
Snap an image or read a saved image file.

CVIS-147: Load failed for %s.
[Cause]
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The tool failed to be loaded.

CVIS-148: There are no found results.
[Cause]
No object was found.
[Remedy]
Adjust the exposure so that an appropriate image can be taken. Alternatively, adjust the parameter.

CVIS-149: The system is busy doing continuous snaps and finds.
[Cause]
Continuous location is under way.
[Remedy]
Before trying to perform another operation, press the [Stop S+F] button to stop the continuous location.

CVIS-150: Camera view index out of range
[Cause]
The camera view number specified in a location command is out of range.
[Remedy]
Specify a valid camera view number.

CVIS-151: No more vision offsets
[Cause]
An attempt was made to acquire offset data before location is performed. Another cause is that offset
data was not calculated because the combine error exceeded the threshold in a multi-view vision process.
[Remedy]
Perform location first. Alternatively, for a multi-view vision process, check whether the combine error
is equal to or less than the threshold.

CVIS-152: Failed to set ref. position
[Cause]
The program found no object.
[Remedy]
Before continuing the operation, have an object found using a location command.

CVIS-153: Ref. position has not been set
[Cause]
The reference position is not set.
[Remedy]
Set the reference position by executing the SET_REFERENCE instruction or clicking the [Set Ref. Pos]
button in the setup window.

CVIS-154: Reference data does not exist
[Cause]
No reference data exists for the found model ID.
[Remedy]
Create reference data in which the found model ID is set using the Setup window, and set the reference
position.

CVIS-155: Bad vision process name
[Cause]
The specified program name contains one or more invalid characters.
[Remedy]
Check the program name.
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CVIS-156: Vision process was not found
[Cause]
The specified program name does not exist.
[Remedy]
Check whether the specified program exists and specify the correct program name.

CVIS-157: Camera does not exist
[Cause]
The specified camera does not exist.
[Remedy]
Check whether the specified camera exists and specify the correct camera name.

CVIS-158: Camera calib. does not exist
[Cause]
The specified calibration data does not exist.
[Remedy]
Check whether the calibration data exists and specify the correct calibration data name.

CVIS-159: Inappropriate request to tool
[Cause]
The specified vision data cannot respond to the requested command.
[Remedy]
Verify if the correct vision data name is specified in the TP program.

CVIS-160: Find has not been executed
[Cause]
No location has been performed before setting the reference point.
[Remedy]
Before continuing the operation, perform location by executing the RUN_FIND command or pressing the
Find button in the Setup Page.

CVIS-161: No camera setup is selected
[Cause]
No camera is selected in the Calibration Setup window.
[Remedy]
Select a camera.

CVIS-162: No camera calibration selected
[Cause]
No camera calibration data has been selected for the vision program.
[Remedy]
Select calibration data.

CVIS-163: No reference robot position for tool offset
[Cause]
While the robot position used when the reference position is set is necessary for tool offset, it is not set
properly in this vision program.
[Remedy]
Set the reference position again.

CVIS-164: No robot position for robot mounted camera
[Cause]
The robot-mounted camera requires the robot position to calculate the position of the workpiece. The
test cannot be done with the image read from a file.
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[Remedy]
Snap an image using the Snap button.

CVIS-165: No robot position for tool offset
[Cause]
Tool offset requires the robot position to calculate the position of the workpiece. The test cannot be
done with the image read from a file.
[Remedy]
Snap an image using the Snap button.

CVIS-166: Vision Standard DEMO expired
[Cause]
The 60-day use period of the iRVision demo version has expired. For more information, choose Control
from Start for the controller and then choose "MENUS" — "INSTALL" — "Option" — "Demo".
[Remedy]
If you want to continue to use iRVision, order a vision option.

CVIS-167: Target Controller is too old to communicate
[Cause]
The target controller is too old to communicate.
[Remedy]
Upgrade the software of the controller.

CVIS-168: Target Controller is off-line
[Cause]
The target controller is off-line.
[Remedy]
Check whether the target controller is powered on and connected to the network.

CVIS-169: Object is not found in some camera view(s).
[Cause]
There is an undetected camera view.
[Remedy]
Identify the camera view and make adjustments so that camera views can be found.

CVIS-170: Combine error exceed the limit.
[Cause]
Calculating a compensation value resulted in the misalignment becoming equal to or greater than the
permissible value.
[Remedy]
Check the found result of each camera view and make sure that no mal-detection occurred. If no
mal-detection occurred, adjust the Maximum Combine Error in the vision process setup page.

CVIS-171: Calibration must be perspective.
[Cause]
The selected camera cannot be used with this vision program because it has not been calibrated for center
projection.
[Remedy]
With dot pattern calibration, perform 2-plane calibration.

CVIS-172: Robot Pos(Z) is different from Calib Pos.
[Cause]
During measurement, the camera was not at the same height as it was at during calibration.

[Remedy]
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Place the camera at the same height as it was at during calibration.

CVIS-173: Robot Pos(WP) is different from Calib Pos.
[Cause]
During measurement, the camera was not in the same posture as it was in during calibration.
[Remedy]
Make the camera have the same posture as it did during calibration.

CVIS-174: Robot Pos (Z) is different from Reference Pos.
[Cause]
During measurement, the camera was not at the same height as it was at when the reference position was
set up.
[Remedy]
Place the camera at the same height as it was at when the reference position was set up.

CVIS-175: Robot Pos (WP) is different from Reference Pos.
[Cause]
During measurement, the camera was not in the same posture as it was in when the reference position was
set up.
[Remedy]
Make the camera have the same posture as it did when the reference position was set up.

CVIS-176: Application-Z has been changed after SetRef.
[Cause]
Application Z height has been changed after the reference position is set for the original application Z
height.
[Remedy]
Set the reference position again.

CVIS-177: Error occurred in Camera View %d.
[Cause]
An error occurred with a camera view corresponding to the indicated number.
[Remedy]
By referencing the error code displayed next, correct the setting of the camera view.

CVIS-178: No line is selected
[Cause]
Line data is not selected.
[Remedy]
Select a line data.

CVIS-179: Application setup does not exist
[Cause]
The specified application data was not found.
[Remedy]
Check whether the specified application data exists and enter the correct data.

CVIS-180: No images found for image playback.
[Cause]
No logged image with the selected date is found.
[Remedy]
Check the folder with the selected date to see if it contains a logged image.
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CVIS-181: End of image playback
[Cause]
The last logged image has been reached. The processing cannot proceed further.
[Remedy]
Not needed.

CVIS-181: End of image playback
[Cause]
Internal error.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-182: VOFFSET type is wrong.
[Cause]
Offset type in the vision register is invalid. When the type is Found Position, it cannot be used for
VOFFSET.
[Remedy]
Verify if your TP program or KAREL program unexpectedly change the offset type in the vision register.

CVIS-183: Vision Board does not exist.
[Cause]
On your controller, the software to control the vision board is installed, but the vision board is not
plugged in.
[Remedy]
Plug the vision board to your controller.

CVIS-184: GET_OFFSET command is conflicted.
[Cause]
Internal error.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-185: No visual tracking option
[Cause]
Program instructions for the visual tracking cannot be used because the visual tracking option (J903) is
not installed on your controller.
[Remedy]
Please purchase J903 iRVision Visual Tracking option.

CVIS-186: No line tracking option
[Cause]
The visual tracking function cannot be used because the line tracking option (J512) is not installed on
your controller.
[Remedy]
Please purchase J512 Line Tracking option.

CVIS-187: VOFFSET (frame offset) is duplicated
[Cause]
Two VOFFSET instruction for fixed frame offset cannot be added to a single motion command.

[Remedy]
Remove one of VOFFSET instructions.
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CVIS-188: VOFFSET (tool offset) is duplicated
[Cause]
Two VOFFSET instructions for tool offset cannot be added to a single motion command.
[Remedy]
Remove one of VOFFSET instructions.

CVIS-189: Vision Reg is locked
[Cause]
Internal error.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-190: Only 1 vision tool (GPM, Histogram, etc.) allowed at this level. Delete
the existing tool before adding a new one.

[Cause]

Error proofing vision process accept only one command tool to be inserted.

[Remedy]

Delete the existing tool before adding a new one.

CVIS-191: The comment string has been truncated to XXXX
[Cause]
A specified comment was too long, so that the comment was cut to an appropriate length.
[Remedy]
If the cut comment is unacceptable, specify a shorter comment.

CVIS-192: The system is low on temporary memory and cannot open the vision
process setup page
[Cause]
The remaining space of the temporary area is limited, so that no more setup window can be opened.
[Remedy]
Close unnecessary setup windows.

CVIS-193: The maximum number of setup pages are already open. A vision
process setup page must be closed before another can be opened
[Cause]
No more setup windows can be opened because of the limitation on the number of windows.
[Remedy]
Close unnecessary setup windows.

CVIS-194: The sorting parameters are not completely defined. Please select all
sorting parameters

[Cause]

The setting for rearrangement is not completed.

[Remedy]

Complete the setting for rearrangement.

CVIS-195: The sorting parameters are now invalid. They have been reset to the
default values

[Cause]

The vision tool list was modified, so that the setting for rearrangement was reset.

[Remedy]

Make a setting for rearrangement again.
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CVIS-196: Another setup page XXXX is already in live mode. Exit live mode in the
other setup page first

[Cause]

Another setting screen is displaying a live camera image.

[Remedy]

Stop the live display of XXXX, then click the live button.

CVIS-197: This tool was not found
[Cause]
The specified vision tool cannot be found.
[Remedy]
Check whether the specified vision tool exists. Specify a correct vision tool name.

CVIS-198: Layer threshold exceeded limit
[Cause]
In the depalletizing vision process, the layer error exceeded the threshold.
[Remedy]
Investigate a cause that a layer error occur or increase the threshold.

CVIS-199: Layer output number is used elsewhere
[Cause]
In the depalletizing vision process, the measurement value number selected for the layer is being used
with the measurement output tool.
[Remedy]
Change the measurement value number for the layer.

CVIS-200: The camera calibration tool is not trained.
[Cause]
The calibration data has not been taught.
[Remedy]
Teach the calibration data.

CVIS-201: The camera calibration tool is broken.
[Cause]
The calibration data is corrupted.
[Remedy]
Create the calibration data again.

CVIS-203: Invalid calibration plane number.
[Cause]
An invalid calibration plane number is set in the camera calibration command.
[Remedy]
Specify a valid calibration plane number.

CVIS-204: Either camera or fixture needs to be mounted on a robot.
[Cause]
2-plane calibration requires that either the camera or grid pattern fixture be mounted on the robot.
[Remedy]
Mount the camera or the grid pattern fixture on the robot.  Also check whether the correct setting related
to the robot-mounted camera is made on the camera setup window and the correct setting is made for
Calibration Grid Frame on the camera calibration window.

CVIS-205: Both camera and fixture should not be mounted on a robot.
[Cause]
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An attempt was made to perform calibration with both the camera and grid pattern fixture mounted on the
robot.

[Remedy]

Fix either the camera or the grid pattern fixture on the robot EOAT.

Also check whether the correct setting related to the robot-mounted camera is made on the camera setup
window and the correct setting is made for the calibration grid frame on the camera calibration window.

CVIS-206: No robot position for robot mounted camera.
[Cause]
Calibration using a robot-mounted camera requires the robot position for calibration. An image read
from a file cannot be used when performing calibration using a robot-mounted camera.
[Remedy]
Snap an image clicking the Snap button.
After the user frame number or camera is re-selected, robot position data set when an image was snapped
previously cannot be used. Snap an image by clicking the Snap button again.

CVIS-207: No robot position for robot mounted fixture.
[Cause]
Calibration with the grid pattern fixture mounted on the robot requires the robot position for calibration.
An image read from a file cannot be used when performing calibration with the grid pattern fixture
mounted on the robot.
[Remedy]
Snap an image clicking the Snap button.
After the user frame number or robot handling the calibration grid is re-selected, robot position data set
when an image was snapped previously cannot be used. Snap an image by clicking the Snap button
again.

CVIS-209: The calibration points are too close to each other.
[Cause]
Simple 2-D calibration error. Calibration data cannot be calculated because the two calibration points
are too close to each other.
[Remedy]
Teach two points that are more apart.

CVIS-212: No robot position for robot mounted camera.
[Cause]
Calibration using a robot-mounted camera requires the robot position for calibration. An image read
from a file cannot be used when performing calibration using a robot-mounted camera.
[Remedy]
Snap an image using the Snap button.

CVIS-213: Robot positions for two points must be the same.
[Cause]
Simple 2-D calibration error. When the calibration points were set, the camera position differed for the
first and second points.
[Remedy]
When setting calibration points, do not move the robot on which the camera is mounted.

CVIS-214: Laser calibration fails.
[Cause]
No calibration data was calculated for the 3D laser sensor.
[Remedy]
Perform calibration again.
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CVIS-215: Laser frame cannot be calculated.
[Cause]
No calibration data was calculated for the 3D laser sensor.
[Remedy]
Perform calibration again.

CVIS-216: Laser window is not trained.
[Cause]
No laser measurement area has been set up.
[Remedy]
Set up the measurement area.

CVIS-217: No laser image.
[Cause]
No laser image was taken.
[Remedy]
Snap an image using the Snap button.

CVIS-218: No found pose of parent locator tool.
[Cause]
The parent tool of the associate tool has not been found.
[Remedy]
Check whether the target is within the camera view. Adjust the parent tool parameters and model so that
the parent tool can be found normally.

CVIS-219: Histogram tool is not trained.
[Cause]
There is a histogram tool yet to be taught.
[Remedy]
Teach all histogram tools or delete the unnecessary tool yet to be taught.

CVIS-220: Histogram tool: Fail to get reference position.
[Cause]
Internal error of a histogram tool.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-221: Histogram tool: Fail to set reference position.
[Cause]
Internal error of a histogram tool.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-222: Subtool is not trained.
[Cause]
The vision process cannot be executed because there is an associate tool yet to be taught.
[Remedy]
Teach all histogram tools or delete the unnecessary tool yet to be taught.

CVIS-223: Conditional Execution: Fail to set measurement.
[Cause]
Internal error of a condition judgment tool.
[Remedy]
Contact FANUC or FANUC Robotics.
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CVIS-224: Camera is too tilted with respect to Application UF.
[Cause]
The camera is too tilted with respect to Application User Frame.
[Remedy]
Adjust the camera orientation or Application User Frame.

CVIS-225: Conditional Execution is not trained
[Cause]
There is a condition judgment tool yet to be taught.
[Remedy]
Teach all condition judgment tools or delete the unnecessary tool yet to be taught.

CVIS-226: Conditional Execution: Fail to get value.
[Cause]
An attempt to get a condition judgment tool value failed.
[Remedy]
Check that a value for the condition judgment tool has been entered.

CVIS-227: No found pose of parent locator tool.
[Cause]
The parent tool failed to find parts.
[Remedy]
Adjust the exposure setting so that an appropriate image can be taken and the parent tool can be found, or
adjust the detection parameter.

CVIS-228: The calibration planes are too close.
[Cause]
The planes in which calibration is performed are too close to each other.
[Remedy]
Set the planes more apart and perform calibration again.

CVIS-229: Model ID mismatch.
[Cause]
The type number for a found object differs from that for data to be set up.
[Remedy]
Try to find an object having the type number to be set by placing it in the camera view.

CVIS-230: Reference scale is not set.
[Cause]
The height of an object cannot be measured because no reference size has been specified.
[Remedy]
Specify the reference height and reference size of an object.

CVIS-231: Identical reference scales for different Z.
[Cause]
The height of an object cannot be measured because the same value is specified for two reference sizes.
[Remedy]
Set up the two reference sizes by placing an object at different heights.

CVIS-232: No robot position for reference scale is set.
[Cause]
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The position of an object cannot be calculated because the camera-mounted robot position where the
reference size was set up is unknown. The robot-mounted camera is currently selected, but the reference
sizes are set up for the fixed camera.

[Remedy]

Teach the reference sizes, reference position, and robot teach point again.

CVIS-233: Robot posture must not be changed.
[Cause]
During object measurement, the posture of the camera-mounted robot differs from that when the
reference sizes were set up.
[Remedy]
The robot must be set in the same posture during measurement as when the reference sizes were set up.

CVIS-234: Robot-mounted camera is not supported.
[Cause]
Visual tracking does not support a robot-mounted camera.
[Remedy]
Use a fixed camera.

CVIS-235: Encoder count is not consistent with the current image.
[Cause]
There is no encoder count corresponding to the image currently being displayed.
[Remedy]
Snap an image from the camera.

CVIS-236: Encoder count of this robot is different from one of other robot.
[Cause]
There is a robot whose encoder count does not match that of the other robots.
[Remedy]
Stop the conveyor and turn the power to all the robots off and back on again.

CVIS-237: Points touched up is too close.
[Cause]
No coordinate system can be calculated because touchup points are too close to each other.
[Remedy]
Set the touchup points apart.

CVIS-238: Double GetQueue from the robot
[Cause]
Before completion of the VSTKGETQ command executed most recently, the next VSTKGETQ
command was executed.
[Remedy]
Correct the logic of the teach pendant program.

CVIS-239: Invalid timing mode for visual tracking.
[Cause]
The specified timing mode is incorrect.
[Remedy]
Specify a correct timing mode in visual tracking environment setting.

CVIS-240: Vision overtimes against conveyer movement.
[Cause]
Vision location was not completed before the conveyor moved through the specified distance.
[Remedy]
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Make the conveyor slower or the conveyor travel distance longer in visual tracking environment setting.

CVIS-241: No found pose of parent locator tool.
[Cause]
The parent locator tool for an associate tool has not been found.
[Remedy]
Adjust the parameter and model so that the parent locator tool can be found.

CVIS-242: Caliper tool is not trained.
[Cause]
There is a length measurement tool yet to be taught.
[Remedy]
Teach all length measurement tools.

CVIS-243: Caliper tool: Fail to get reference position.
[Cause]
Internal error.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-244: Caliper tool: Fail to set reference position.
[Cause]
Internal error.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-245: Blob Locator tool: Fail to get reference position.
[Cause]
Internal error.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-246: No found pose of parent locator tool.
[Cause]
The parent locator tool failed to find the part.
[Remedy]
Modify parameters of the parent locator tool before training the child tool.

CVIS-247: There are not any blobs in the training window.
[Cause]
No blobs were found in the specified training area.
[Remedy]
Specify a different area to train, or change the binary threshold.

CVIS-248: Invalid register number.
[Cause]
The register number is not specified, so the software cannot get the application Z value.
[Remedy]
Set the register number in which the application Z value is set.

CVIS-249: GET_QUEUE is timeout.
[Cause]
Internal error.
[Remedy]
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Contact FANUC or FANUC Robotics.

CVIS-250: This robot received packet from robot with the different software series
[Cause]
The robot controller cannot communicate with a different series of the controller.
[Remedy]
Use the same series of the controller.

CVIS-251: The distance between reference position is too small
[Cause]
Reference positions set for some camera views are the same point.
[Remedy]
Please modify so that each camera view finds different features on the part.

CVIS-252: The range maximum value must be greater than or equal to the
minimum.

[Cause]

Entered maximum value is smaller than the minimum value.

[Remedy]

Set a larger value.

CVIS-253: The range minimum value must be less than or equal to the maximum.
[Cause]
Entered minimum value is larger than the maximum value.
[Remedy]
Set a smaller value.

CVIS-254: AckQueue with invalid vision register number
[Cause]
The vision register number specified in the VSTKACKQ command is invalid.
[Remedy]
Specify the same vision register number as the VSTKGETQ command.

CVIS-255: No found pose of parent locator tool
[Cause]
The parent locator tool is not detected yet.
[Remedy]
Adjust the parameters and model so that the parent locator tool can find the workpiece.

CVIS-256: GPM Locator tool: Fail to get reference position
[Cause]
Internal error.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-257: The camera XXXX must be a robot-mounted camera
[Cause]
For the floating frame vision process, only a robot-mounted camera can be used.
[Remedy]
Open the camera setting data then check the setting for using a robot-mounted camera.

CVIS-258: Measurement Output is not trained
[Cause]
There is a measurement value output tool not taught yet.
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[Remedy]
On the setting screen, select a tool name and measurement value name.

CVIS-259: Measurement Output: Fail to get value
[Cause]
A measurement value could not be obtained.
[Remedy]
Check whether the target can be detected correctly with the parent locator tool or child locator tool.

CVIS-260: Measurement Output: No found pose of parent locator tool
[Cause]
The parent locator tool is not detected yet.
[Remedy]
Adjust the parameters and model so that the parent locator tool can be found.

CVIS-261: Invalid work area specified
[Cause]
In the visual tracking, the specified work area is invalid.
[Remedy]
Specify a correct work area.

CVIS-262: Invalid line specified
[Cause]
In the visual tracking, the specified line is invalid.
[Remedy]
Specify a correct line.

CVIS-263: Invalid tray specified
[Cause]
In the visual tracking, the specified tray pattern is invalid.
[Remedy]
Specify a correct tray pattern.

CVIS-264: Invalid track schedule specified
[Cause]
In the visual tracking, the specified tracking schedule is invalid.
[Remedy]
Specify a correct tracking schedule.

CVIS-265: This model ID is already used
[Cause]
The same model ID already exists.
[Remedy]
Change the model ID.

CVIS-266: There is arobot which uses a different allocation mode
[Cause]
A different distribution method is selected for a robot, so that data cannot be loaded.
[Remedy]
Select the same distribution method for all robots.

CVIS-267: Part with invalid model ID is pushed into queue
[Cause]
In the visual tracking, a workpiece with an invalid model ID was pushed to the part queue.
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[Remedy]
Add the model ID to the line setting, or change the model 1D value for the part.

CVIS-268: Unknown function code
[Cause]
Visual tracking internal error.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-269: Application UF is not selected
[Cause]
User frame to be used for compensation is not selected.
[Remedy]
Selected a user frame to be used for compensation.

CVIS-270: The calibration grid frame is not selected
[Cause]
Calibration grid frame that indicates where the calibration grid is secured is not set.
[Remedy]
Set the calibration grid frame.

CVIS-271: User tool number is not selected
[Cause]
No user tool is selected for the tool offset.
[Remedy]
Select a user tool frame.

CVIS-272: The parent location tool failed to find anything
[Cause]
The parent locator tool detected nothing.
[Remedy]
Adjust the parameters and model so that the parent locator tool can find the part.

CVIS-273: The multi-locator tool is not trained
[cause]
The multi-locator tool is not trained.
[Remedy]
Add at least one child locator tool then teach the tool. Moreover, select a register to switch the tools.

CVIS-274: The location tool index register index is invalid
[Cause]
An invalid register number is specified in the multi-locator tool.
[Remedy]
Specify a correct register number.

CVIS-275: The location tool index register value is invalid
[Cause]
A invalid value is set in the register referred to by the multi-locator tool.
[Remedy]
Set a correct value to the register.

CVIS-276: A child location tool of the multi-locator tool is not trained
[Cause]
A child locator tool under the multi-locator tool is not trained.
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[Remedy]
Train all child tools or delete unnecessary child tools not trained yet.

CVIS-277: The parent location tool failed to find anything
[Cause]
The parent locator tool failed to find the workpiece.
[Remedy]
Adjust the parameters and model so that the parent locator tool can find it.

CVIS-278: The multi-window tool is not trained
[Cause]
The multi-window tool is not taught yet.
[Remedy]
Add at least one child locator tool then train the child locator tool. Moreover, select a register number
used to select a window.

CVIS-279: The window index register index is invalid
[Cause]
An invalid register number is specified in the multi-window tool.
[Remedy]
Specify a correct register number.

CVIS-280: The window index register value is invalid
[Cause]
An invalid value is set in the register which the multi-window tool referred to.
[Remedy]
Set a correct value to the register.

CVIS-281: The child location tool of the multi-window tool is not trained
[Cause]
The child locator tool under the multi-window tool is not trained.
[Remedy]
Train the child locator tool.

CVIS-282: Blob locator: The search window is too small
[Cause]
The search window of the Blob locator tool is too small.
[Remedy]
Enlarge the search window.

CVIS-283: The sum of sorting priority weights is zero
[Cause]
In the bin-picking vision process, the total of the weights of rearrangement priorities is zero.
[Remedy]
Enable weighing of rearrangement priorities and set values greater than 0 for the priorities.

CVIS-284: The vision process is not trained
[Cause]
In the error proofing vision process, there is an item not taught yet.
[Remedy]
Check that no invalid item is enabled. Moreover, check that all child tools are already taught.
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CVIS-285: To overwrite position and angle, two or more child location tools must
be set
[Cause]
The position adjustment tool requires two or more child locator tools to compute both position and angle.
[Remedy]
Set two or more child tools.

CVIS-286: Any child location tools are not set on the setup page
[Cause]
No child tool is selected.
[Remedy]
Select at least a child tool.

CVIS-287: No found pose of parent locator tool
[Cause]
The parent locator tool fail to detect the workpiece.
[Remedy]
Adjust the parameters and model so that the parent locator tool can find it.

CVIS-288: A child location tool fails to find anything
[Cause]
There is an child locator tool that fails to find.
[Remedy]
Adjust the parameters and model so that all child locator tools can find it.

CVIS-289: Position Adjust tool is not trained
[Cause]
The position adjust tool is not trained yet.
[Remedy]
Select at least an child locator tool then set the reference position.

CVIS-290: Invalid ACK status in AckQeueu
[Cause]
In the visual tracking, an invalid status is specified in VSTKACKQ.
[Remedy]
Modify your teach pendant program to pass a correct status in VSTKACKQ.

CVIS-291: AckQueue before GetQueue
[Cause]
In the visual tracking, before a workpiece is allocated with VSTKGETQ, VSTKGETQ is called.
[Remedy]
Modify your TP program so that AckQueue is called after workpieces are distributed by VSTKGETQ.

CVIS-292: No AckQueue before next GetQueue
[Cause]
In the visual tracking, VSKGETQ is called before VSTKACKQ for the previous VSTKGETQ is called.
[Remedy]
Modify your TP program so that VSTKACKAQ is called after a VSSTKGETQ command.

CVIS-293: Work area is disabled
[Cause]
In the visual tracking config screen, the work area was disable, so that a VSTKGETQ request was
canceled.
[Remedy]
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Do not call VSTKGETQ until the work area is enabled.

CVIS-300: The value of Light Output Signal Number XXXX is out of range
[Cause]
The value, XXXX, of the LED signal number is not within the allowable range.
[Remedy]
Set a value from YYYY to ZZZZ.

CVIS-301: Edge pair is not selected. Select found item from results table.
[Cause]
No edge pair is selected.
[Remedy]
Select an edge pair from the list of result pages.

CVIS-302: Part is not selected. Select found item from results table.
[Cause]
No workpiece is selected.
[Remedy]
Select a workpiece from the list of result pages.

CVIS-303: This function is obsolete
[Cause]
This function is no longer supported.
[Remedy]
Use an appropriate function according to the operator's manual.

CVIS-304: No work areain the line
[Cause]
In the visual tracking config screen, no work area is added to the line, so that the requested operation
cannot be executed.
[Remedy]
Add a work area to the line.

CVIS-305: No more line can be created
[Cause]
In the visual tracking config screen, no more lines can be created.
[Remedy]
Delete unused lines before creating a new line.

CVIS-306: No more area can be created
[Cause]
In the visual tracking config screen, no more work area can be created.
[Remedy]
Delete unused work areas before adding a new work area.

CVIS-307: No more tray pattern can be created
[Cause]
In the visual tracking config screen, no more tray pattern can be created.
[Remedy]
Delete unused tray patterns before creating a new tray pattern.

CVIS-308: No more cell can be added to the tray
[Cause]
No more cell can be added.
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[Remedy]
Delete unused cells before adding a new cell.

CVIS-309: Visual tracking system error
[Cause]
Internal error.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-310: Invalid name is specified
[Cause]
The specified name is too long or includes an invalid character.
[Remedy]
Enter a correct name.

CVIS-311: Specified name is already in use
[Cause]
The specified name is already used.
[Remedy]
Enter another name.

CVIS-312: Specified data is in edit
[Cause]
In the visual tracking config screen, the specified data is being edited, so that the data can be neither
deleted nor renamed.
[Remedy]
Close the setting screen for the data then delete or rename the data.

CVIS-313: No custodianship for that operation
[Cause]
In the visual tracking config screen, the data is being edited by another controller on the network.
[Remedy]
Close the setup window on the controller where the data is being edited.

CVIS-314: Parameters for scale conversion are not set
[Cause]
The settings for unit conversion are not completed yet.
[Remedy]
Complete all settings for unit conversion.

CVIS-315: Miss-measured data is selected
[Cause]
Data indicating a length measurement failure is selected.
[Remedy]
Select a data indicating a length other than 0 from the list.

CVIS-316: HDI is not set up
[Cause]
HDI has not been set up.
[Remedy]
Set up HDI.

CVIS-317: Invalid trigger type
[Cause]
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In the visual tracking sensor task, the trigger type is invalid.
[Remedy]
Set a correct trigger type.

CVIS-318: Some controllers are offline
[Cause]
The power to controllers is not turned on. The settings of visual tracking on those controllers cannot be
matched with each other.
[Remedy]
Turn on the power to those controllers then click the synchronization button on the visual tracking setup

page.

CVIS-321: Any locator tools are not set
[Cause]
No locator tool is set.
[Remedy]
Set a locator tool.

CVIS-322: Any child locator tools are not set
[Cause]
No locator tool is set as an auxiliary tool.
[Remedy]
Set a position locator tool as an auxiliary tool.

CVIS-323: The model pattern is not trained
[Cause]
The model pattern is not taught yet.
[Remedy]
Teach the model pattern.

CVIS-324: The operation has timed out
[Cause]
Detection could not be completed within the set time.
[Remedy]
Increase the time limit or take the following actions:
e Disable rotation and size search if unnecessary.
Increase the score threshold.
Increase the contrast threshold.
Decrease the search range of rotation and size.
Decrease the size of the search window.

CVIS-325: There are not enough features in the training window
[Cause]
No feature is found in the model teach image.
[Remedy]
To teach the model, teach another image area or use an image produced by changing the exposure time or
contrast threshold.

CVIS-326: Saved laser image and laser number are not consistent. Change laser
number in setup page.
[Cause]
The stored laser image and laser ID do not match.
[Remedy]
Change the laser ID.
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CVIS-327: CSM Locator: No found pose of parent locator tool
[Cause]
The parent locator tool is not detected yet.
[Remedy]
Adjust the parameters and model so that the parent locator tool can be found.

CVIS-328: CSM Locator: Fail to get reference position
[Cause]
Internal error.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-329: CSM Locator: The search window is too small
[Cause]
The search window is too small.
[Remedy]
Enlarge the search window.

CVIS-330: CSM Locator: A child tool is not trained
[Cause]
There is an auxiliary tool (child tool) not taught yet.
[Remedy]
Teach all auxiliary tools or delete unnecessary tools not taught yet.

CVIS-331 The search window is too small or set to the outside of the image
[Cause]
For the curved surface locator tool, the search window is too small or set to the outside of the image.
[Remedy]
If the search window is too small, set a larger search window. If the search window is set to the outside of
the image, check that the parent locator tool finds a model correctly, then set a larger search window if
required.

CVIS-332 Cannot control the sensor power
[Cause]
The 3D laser sensor connection/disconnection function cannot control the power to the sensor.
[Remedy]
Check that the iRVision 3DL disconnection function (J908) is ordered, a multiplexer D unit is used,
cables are connected properly, and the number of the DO for controlling the multiplexer D unit is set in
$SNSCHG.$DO_NUM (after setting the number, turn the power to the controller off, then on again).

CVIS-333 The found positions are too close to each other
[Cause]
The found positions are too close to each other.
[Remedy]
Re-teach fundamental data so that the data items are not too close to each other.

CVIS-334 All found positions are on a same line
[Cause]
All found positions are on a same line.
[Remedy]
Re-teach fundamental data so that the three positions are not on the same line.
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CVIS-335 The fundamental data are too close to each other
[Cause]
The fundamental data are too close to each other.
[Remedy]
Re-teach fundamental data so that the data items are not too close to each other.

CVIS-336 All fundamental data are on a same line
[Cause]
All fundamental data are on a same line.
[Remedy]
Re-teach fundamental data so that the three positions are not on the same line.

CVIS-337 The fundamental data have not been set
[Cause]
The fundamental data have not been set.
[Remedy]
Set fundamental data on the setting screen for each camera view.

CVIS-338 The application user frames in calibration data are not same
[Cause]
Some of the numbers of the user frames to be used for compensation in calibration data for all camera
views are different.
[Remedy]
Set the user frames to be used for compensation that have the same number, in calibration data for all
camera views.

CVIS-339 The distance between camera and target has not been set
[Cause]
The distance between camera and target has not been set.
[Remedy]
Select calibration data for which Perspective is selected for Projection and Trained is indicated for Status.

CVIS-340 The cylinder is not found
[Cause]
The 3DL cylinder tool cannot find a cylinder.
[Remedy]
First, adjust the setting of exposure so that an appropriate laser image can be obtained. Next, make sure
that the laser measurement area was taught properly. If the locator tool model origin is changed after the
laser measurement area has been taught, the laser measurement area may move to an unintended position
during execution. If you changed the model origin, re-set the laser measurement area. If these methods
cannot solve the problem, adjust the detection parameter for the string of laser spots.

CVIS-341 The cylinder is not trained
[Cause]
For the 3DL cylinder tool, no cylinder is taught.
[Remedy]
Teach the laser measurement area, and cylinder direction or cylinder diameter.

CVIS-342 No 2D measurement result
[Cause]
When the 3DL cylinder tool was executed, the results found by the 2D locator tool were not found.
[Remedy]
Make adjustments so that the 2D locator tool does not fail to find the target. If the 2D locator tool is not
taught yet, teach the tool.
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CVIS-343 Fail to initialize the cylinder calculation
[Cause]
The number of appropriate laser spots on the cylinder is too small, the number of inappropriate laser spots
on the cylinder is too large, or the results found by the 2D locator tool are invalid.
[Remedy]
If there is a problem with the number of laser spots, first, adjust the setting of exposure or laser contrast,
next, adjust the laser measurement area, and finally, adjust the Max Fit Error setting so that an appropriate
laser image can be obtained. If there is a problem with the results found by the 2D locator tool, adjust
the tool.

CVIS-344 The cylinder calculation did not converge
[Cause]
The number of appropriate laser spots on the cylinder is too small, the number of inappropriate laser spots
on the cylinder is too large, or the results found by the 2D locator tool are invalid.
[Remedy]
If there is a problem with the number of laser spots, first, adjust the Max Fit Error setting, next, adjust the
setting of exposure or laser contrast, and finally, adjust the laser measurement area so that an appropriate
laser image can be obtained. If there is a problem with the results found by the 2D locator tool, adjust
the tool.

CVIS-345 There are too few calibration points
[Cause]
Calibration points are too few to perform calculation for calibration.
[Remedy]
Add calibration points.

CVIS-346 There are no target position
[Cause]
There are no target position
[Remedy]
Set a target position.

CVIS-347 This configuration between camera and target is not supported
[Cause]
The configuration of the specified camera and target is not supported.
[Remedy]
Check whether a valid configuration is set.

CVIS-348 The camera that is connected to other controller is not supported
[Cause]
The camera that is connected to other controller is not supported.
[Remedy]
Robot-generated grid calibration can be executed only for a camera connected to the controller of a robot
moving the target.

CVIS-349 Too long string
[Cause]
The string to be set is too long.
[Remedy]
Specify a shorter string.

CVIS-350 Initial measurement position is not set
[Cause]
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The initial measurement position is not set yet for robot-generated grid calibration.
[Remedy]
Set the initial measurement position.

CVIS-351 Invalid motion group number
[Cause]
An invalid motion group number is specified.
[Remedy]
Specify a valid group number.

CVIS-352 The two found positions are too close
[Cause]
The positions found for views 1 and 2 are too close.
[Remedy]
After the first target is found, move the conveyor enough distance to find the second target.

CVIS-353 Window shift tool does not exist, or failed to find
[Cause]
The window shift tool failed to find the target or was deleted.
[Remedy]
Teach the window shift tool so that it can find the target first. If the window shift tool is deleted,
re-teach the command tool.

CVIS-354 Window shift tool is not trained
[Cause]
Window shift tool is not trained.
[Remedy]
Teach the window shift tool or a child locator tool of the window shift tool first.

CVIS-355 No vision logs exist in the specified directory
[Cause]
No vision log is found in the specified directory.
[Remedy]
Specify a directory containing the vision log.

CVIS-356 Operation cancelled
[Cause]
The CANCEL key was pressed during vision log operation on the vision log menu.
[Remedy]
Perform the operation again.

CVIS-357 Log file has read-only attribute
[Cause]
Log file has read-only attribute.
[Remedy]
Uncheck the [Read-only] check box on the log file properties dialog box.

CVIS-358 Vision override is not trained properly
[Cause]
The vision override specified with VISION OVERRIDE is not taught properly.
[Remedy]
Teach the vision override.
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CVIS-359 Count tool is not trained
[Cause]
The vision process contains a count tool which is not taught yet.
[Remedy]
Teach all count tools.

CVIS-360 Arithmetic calculation tool is not trained
[Cause]
The vision process contains an arithmetic calculation tool which is not taught yet.
[Remedy]
Teach all arithmetic calculation tools.

CVIS-361 Geometric calculation tool is not trained
[Cause]
The vision process contains a geometric calculation tool which is not taught yet.
[Remedy]
Teach all geometric calculation tools.

CVIS-362 Statistic calculation tool is not trained
[Cause]
The vision process contains a statistic calculation tool which is not taught yet.
[Remedy]
Teach all statistic calculation tools.

CVIS-364 Edge histogram tool is not trained
[Cause]
There is an edge histogram tool which is not taught yet.
[Remedy]
Teach all edge histogram tools or delete any unnecessary tool that is not taught yet.

CVIS-365 Edge histogram: Fail to get reference position
[Cause]
Internal error of an edge histogram tool.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-366 Edge histogram: Fail to set reference position
[Cause]
Internal error of an edge histogram tool.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-367 Found result is not set to the specified vision register
[Cause]
This error occurs when [Other VP Result] or [IA result] is set for [Mode] for a window shift tool and no
value is set in the vision register used for calculating the window shift amount.
[Remedy]
Execute the vision process used for window shift and set a value in the vision register.

CVIS-368 Position data is not set to the specified position register
[Cause]
This error occurs when [IA result] is set for [Mode] for a window shift tool and no value is set in the
position register containing the result of interface avoidance used for calculating the window shift
amount.
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[Remedy]
Execute the KAREL program which avoids the interference and set the result of interference avoidance in
the position register.

CVIS-369 Type of the specified position register is not supported
[Cause]
When [IA result] is set for [Mode] for a window shift tool, the format of the position register containing
the result of interference avoidance is not supported.
[Remedy]
Use the Cartesian or matrix format for the position register containing the result of interference
avoidance.

CVIS-370 Measuring plane not set
[Cause]
Measuring plane is not trained.
[Remedy]
Train the measuring plane.

CVIS-371 Cannot find evaluation tool
[Cause]
No evaluation tool is added to a single view inspection vision process.
[Remedy]
Add an evaluation tool.

CVIS-372 Cannot add multiple evaluation tools
[Cause]
An attempt was made to add two evaluation tools to the same tool.
[Remedy]
Change the evaluation tool setting, or delete the current tool and create a new tool.

CVIS-373 Evaluation tool not trained
[Cause]
Evaluation tool not trained
[Remedy]
Set the evaluation tool.

CVIS-374 The 3-D fit error exceeds the limit
[Cause]
Error of a 3DL multi-view vision process. The fit error exceeds the specified limit.
[Remedy]
Check whether the targets are found correctly. Also check whether the specified fit error limit is not too
small.

CVIS-375 Not enough targets were found to compute the 3-D offset
[Cause]
Error of a 3DL multi-view vision process. At least three targets must be found. The required number
of targets were not found.
[Remedy]
Check whether the targets are captured in the camera view. Adjust the locator tool parameters so that
the targets are found.

CVIS-376 One of the targets was discarded
[Cause]
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Error of a 3DL multi-view vision process. Four targets were found, but one of them was not used for
calculating offset data.

[Remedy]

Not needed.

CVIS-377 No more targets can be added
[Cause]
Error of a 3DL multi-view vision process. Up to four targets can be added.
[Remedy]
Not needed.

CVIS-378 There is no image register
[Cause]
There is no image register.
[Remedy]
Set the number of image registers in system variable $VISIMREGNUM. After changing the system
variable, turn the power to the controller off, then on again.

CVIS-379 The image register failed to be allocated
[Cause]
An image register cannot be created due to insufficient memory.
[Remedy]
Increase the DRAM size or change the value of system variable $VISIMREGSIZ to decrease the image
register size.  After changing the system variable, turn the power to the controller off, then on again.

CVIS-380 The image register is too small
[Cause]
Data cannot be contained in the image register.
[Remedy]
Change the value of system variable $VISIMREGSIZ to increase the image register size. After
changing the system variable, turn the power to the controller off, then on again.

CVIS-381 The image register has no data
[Cause]
The image register has no data.
[Remedy]
Before executing KAREL program IRVFIND, execute KAREL program IRVSNAP to save data in the
image register.

CVIS-382 The user frame is different from that of the image register
[Cause]
The user frame is different from that of the image register.
[Remedy]
Set the same number for the user frame used for compensation that is selected for a vision process
snapping an image and that used for compensation that is selected for a vision process finding the target
without snapping an image.

CVIS-383 The tool frame is different from that of the image register
[Cause]
The tool frame is different from that of the image register.
[Remedy]
Set the same number for the user tool of the robot holding the workpiece that is specified for a vision
process snapping an image and that of the robot holding the workpiece that is specified for a vision
process finding the target without snapping an image.
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CVIS-384 The robot is different from that of the image register
[Cause]
The robot is different from that of the image register.
[Remedy]
Specify the same robot holding the workpiece for a vision process which snaps an image and that which
finds the target without snapping an image.

CVIS-385 The condition of detection is different from that of the image register
[Cause]
The condition of detection is different from that of the image register.
[Remedy]
The condition of detection specified for a vision process which snaps an image must satisfy the condition
of detection specified for a vision process which finds the target without snapping an image. Review the
offset mode and whether to perform laser measurement.

CVIS-386 Image register index is out of range
[Cause]
The specified image register number is out of range.
[Remedy]
Specify an appropriate image register number with KAREL program IRVSNAP or IRVFIND.

CVIS-387 The camera is different from that of the image register
[Cause]
The camera is different from that of the image register.
[Remedy]
The same camera must be used for snapping an image and finding the target without snapping an image.

CVIS-388 There is no part with the specified work_id in queue
[Cause]
There is no part with the specified work_id in queue.
[Remedy]
Specify the workpiece ID of a workpiece in the work area.

CVIS-389 Invalid data is specified
[Cause]
Internal error.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-390 No more position to avoid the interference
[Cause]
There is no more position to avoid the interference.
[Remedy]
Change the target position or change the setting of interference setting data (avoidance condition).

CVIS-391 Interference setup system error
[Cause]
Internal error.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-392 Specified data is in edit
[Cause]
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Specified data is in edit.
[Remedy]
Close data being edited.

CVIS-393 No more interference setup data(system) can be created
[Cause]
No more interference setup data(system) can be created.
[Remedy]
Delete unnecessary interference setup data (system).

CVIS-394 No more interference setup data(robot) can be created
[Cause]
No more interference setup data(robot) can be created.
[Remedy]
Delete unnecessary interference setup data (robot).

CVIS-395 No more interference setup data(condition) can be created
[Cause]
No more interference setup data(condition) can be created.
[Remedy]
Delete unnecessary interference setup data (condition).

CVIS-396 No more object can be created
[Cause]
No more object can be created.
[Remedy]
Delete any unnecessary object.

CVIS-397 Invalid name is specified
[Cause]
The number of characters in the specified name exceeds the limit.
[Remedy]
Specify a name within 20 characters.

CVIS-398 Specified name is already in use
[Cause]
Specified name is already in use.
[Remedy]
Set another name.

CVIS-399 Specified object shape is invalid
[Cause]
Specified object shape is invalid.
[Remedy]
Change the position or size of the object.

CVIS-400 Zero vector
[Cause]
Internal error related to the interference check, interference avoidance, or wall avoidance.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-401 Invalid vertex index
[Cause]
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Internal error related to the interference check, interference avoidance, or wall avoidance.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-402 Invalid direction index
[Cause]
Internal error related to the interference check, interference avoidance, or wall avoidance.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-403 Invalid segment edge index
[Cause]
Internal error related to the interference check, interference avoidance, or wall avoidance.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-404 Invalid half line edge index
[Cause]
Internal error related to the interference check, interference avoidance, or wall avoidance.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-405 Invalid number of edges
[Cause]
Internal error related to the interference check, interference avoidance, or wall avoidance.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-406 Il fitted vertices on polygon
[Cause]
Internal error related to the interference check, interference avoidance, or wall avoidance.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-407 1l fitted vertices on surface
[Cause]
Internal error related to the interference check, interference avoidance, or wall avoidance.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-408 Invalid group number
[Cause]
An invalid group number is set for interference setup data (robot).
[Remedy]
Check whether the group number set for interference setup data (robot) is valid.

CVIS-409 Invalid utool number
[Cause]
An invalid tool frame number is set for interference setup data (condition).
[Remedy]
Check whether the tool frame number set for interference setup data (condition) is valid.

CVIS-412 The computed offset failed a limit check
[Cause]
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The offset is determined to be outside the limit by an offset limit check. This alarm is issued when
[Raise robot alarm and pause program execution] is selected for [Action on failed check] for an offset
limit check tool.

[Remedy]

Not needed.

CVIS-413 Limit check failed, offset skipped
[Cause]
The offset is determined to be outside the limit by an offset limit check. This warning is issued when
[Skip the failed offset and evaluate the next offset] is selected for [Action on failed check] for an offset
limit check tool.
[Remedy]
Not needed.

CVIS-414 Limit Check Tool is not trained
[Cause]
Limit Check Tool is not trained
[Remedy]
Check whether the offset limit check tool specified in the vision process is taught.

CVIS-415 The selected Limit Check Tool no longer exists
[Cause]
The selected Limit Check Tool no longer exists.
[Remedy]
Check whether a valid offset limit check tool is selected for the vision process.

CVIS-416 CONS was not opened
[Cause]
The setting is made so that a terminal is not opened, or a terminal could not be opened.
[Remedy]
Make the setting so that the terminal is opened and set the test terminal to the port.

CVIS-417 Measurement is too many divided
[Cause]
Measurement is too many divided.
[Remedy]
Decrease the number by which to divide measurement.

CVIS-418 Incorrect camera pos. setting
[Cause]
The camera position setting is invalid.
[Remedy]
Set a valid value for the camera position setting.

CVIS-420 .. is out of range(%d-%d).
[Cause]
The .. value is out of range.
[Remedy]
Enter a value between A and B for .

CVIS-421 .. may be invalid path.
[Cause]
An invalid path is specified for the vision log directory.
[Remedy]

-501 -



15.TROUBLESHOOTING

B-82774EN/04

Specify a valid path for the vision log directory.

CVIS-422: Barcode library is not initialized..
[Cause]
Internal error.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-423: Barcode library is already initialized.
[Cause]
Internal error.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-424: Barcode lib: memory allocation error.
[Cause]
Internal error.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-425: Barcode lib: parameter out of range.
[Cause]
Internal error.
[Remedy]
Contact FANUC ro FANUC Robotics.

CVIS-426: Barcode lib: invalid parameters.
[Cause]
Internal error.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-427: Barcode lib: invalid image.
[Cause]
Internal error.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-428: Barcode lib: NULL parameter passed.
[Cause]
Internal error.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-429: Barcode lib: invalid grayscale variable.
[Cause]
Internal error.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-430: Barcode lib: incompatible image buffers.

[Cause]
Internal error.
[Remedy]
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Contact FANUC or FANUC Robotics.

CVIS-431: Barcode lib: invalid 1D Barcode structure.
[Cause]
Internal error.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-432: Barcode lib: invalid calculation lines.
[Cause]
Internal error.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-433: Barcode lib: invalid result structures.
[Cause]
Internal error.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-434: Barcode lib: barcode not found.
[Cause]
Internal error.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-435: Barcode lib: error calculating orientation.
[Cause]
Internal error.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-436: Barcode lib: error calculating location.
[Cause]
Internal error.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-437: Unknown error from barcode library.
[Cause]
Internal error.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-438 Grid Frame Set was aborted.
[Cause]
A key including SELECT, EDIT or DATA was pressed during the execution of grid frame setting.
[Remedy]
Execute grid frame setting again.

CVIS-447 Relative limit check is not supported for this process.
[Cause]
This vision process does not support relative limit checks, because there is no defined reference position.
[Remedy]
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Change the limit check type to absolute, or select a new limit check tool forthis vision process.

CVIS-448 Vision measurement was aborted.
[Cause]
Vision measurement was aborted.
[Remedy]
Don't push key while executing.

CVIS-449 Override value is out of range.
[Cause]
An value set by the OVERRIDE command is out of range.
[Remedy]
Set a value within a range by the OVERRIDE command.

CVIS-450 No more big dot can be deleted.
[Cause]
When the number of found big dots is less than four, the big dots can't be deleted.
[Remedy]
When the number of correctly found big dots is less than three, please retry the grid pattern detection.

CVIS-453 Camera setup is not trained.
[Cause]
The camera setup is not trained.
[Remedy]
Train the camera setup.

CVIS-454 Camera communication error.
[Cause]
The camera communication error occurs.
[Remedy]
Check the camera cables.

CVIS-455 Comm port for camera is not initialized.
[Cause]
The communication port for the camera is not initialized.
[Remedy]
Initialize the communication port for the camera.

CVIS-456 This camera is not supported.
[Cause]
This camera is not supported.
[Remedy]
Change camera.

CVIS-457: A 2-D Barcode could not be found in the image.
[Cause]
A 2-D Barcode could not be found in the image.
[Remedy]
View the binary image on the setup page to verify that the threshold is correct.
Check the search window on the setup page to verify that the 2-D Barcode is within the window.

CVIS-458: The 2-D Barcode geometry is bad.
[Cause]
The 2-D Barcode geometry is bad.
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[Remedy]

View the binary image on the setup page to verify that the threshold is correct.

Check the search window on the setup page to verify that the 2-D Barcode is within the window.
For Data Matrix code, verify that the 2-D Barcode has an even number of rows and columns.
Verify that the 2-D Barcode is not damaged.

CVIS-459: The 2-D Barcode is too damaged to read.
[Cause]
The 2-D Barcode is too damaged to read.
[Remedy]
For Data Matrix code, view the binary image on the setup page to verify that the threshold is correct.
Check the search window on the setup page to verify that the 2-D Barcode is within the window.
Verify that the 2-D Barcode is not damaged.

CVIS-460: 2-D Barcode reader internal software error.
[Cause]
Internal error.
[Remedy]
Contact FANUC or FANUC Robotics.

CVIS-461: lllegal character found in 2-D Barcode.
[Cause]
An illegal text character was found in the 2-D Barcode.
[Remedy]
Verify that the 2-D Barcode is not damaged.

CVIS-462: The 2-D Barcode reader does not support Base 256 encoding.
[Cause]
The 2-D Barcode contains an unsupported feature.
[Remedy]
None.

CVIS-463: The 2-D Barcode reader does not support FNCL1 alternate data types.
[Cause]
The 2-D Barcode contains an unsupported feature.
[Remedy]
None.

CVIS-464: The 2-D Barcode reader does not support Structured Append
seqguences.

[Cause]

The 2-D Barcode contains an unsupported feature.

[Remedy]

None.

CVIS-465: The 2-D Barcode reader does not support Reader Programming.
[Cause]
The 2-D Barcode contains an unsupported feature.
[Remedy]
None.

CVIS-466: The 2-D Barcode reader does not support Upper Shift to Extended
ASCII characters.
[Cause]
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The 2-D Barcode contains an unsupported feature.
[Remedy]
None.

CVIS-467: The 2-D Barcode reader does not support 05 Macros.
[Cause]
The 2-D Barcode contains an unsupported feature.
[Remedy]
None.

CVIS-468: The 2-D Barcode reader does not support 06 Macros.
[Cause]
The 2-D Barcode contains an unsupported feature.
[Remedy]
None.

CVIS-469: The 2-D Barcode reader does not support ANSI X12 encoding.
[Cause]
The 2-D Barcode contains an unsupported feature.
[Remedy]
None.

CVIS-470: The 2-D Barcode reader does not support EDIFACT encoding.
[Cause]
The 2-D Barcode contains an unsupported feature.
[Remedy]
None.

CVIS-471: The 2-D Barcode reader does not support Extended Channel
Interpretation (ECI).

[Cause]

The 2-D Barcode contains an unsupported feature.

[Remedy]

None.

CVIS-473 Invalid model ID is specified.
[Cause]
Invalid model ID is specified in VSTKSTLB.PC.
[Remedy]
Specify the model ID for that you want to change a load balance in VSTKSTLB.PC.

CVIS-474 Specified load balance is over range.
[Cause]
Specified load balance is over range.
[Remedy]
Specify load balance in the 0 to 255 range.

CVIS-475 Specified parameter is not supported.
[Cause]
Internal error.
[Remedy]
Contact FANUC or FANUC Robotics.
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CVIS-506 Posture W and P can not be calcurated.
[Cause]
Posture W and P can not be calcurated.
[Remedy]
Enable aspect in GPM locator tool of robot-generated grid calibration.

CVIS-507 Move area is limited in the measurement of robot-generated grid
calibration.
[Cause]
Move area is limited in the measurement of robot-generated grid calibration.
[Remedy]
Make sure to check accuracy of measured results.

CVIS-508 Calibration data is not selected.
[Cause]
Calibration data is not selected.
[Remedy]
Select calibration data.

CVIS-516: The 2-D Barcode reader does not support QR Code Model 1.
[Cause]
The 2-D Barcode is QR Code Model 1.  This code is is old and is not supported.
[Remedy]
None.

CVIS-522: Failed to detect motion.
[Cause]
Motion of axis failed to be detected.
[Remedy]
Check measuring group number is the same as selected group number on UIF.
Check measuring axis number is the same as selected axis number on UIF.

CVIS-523: Failed to align to ref. pos.
[Cause]
Target mark can't be aligned to reference position.
[Remedy]
Check measuring group number is the same as selected group humber on UIF.
Check measuring axis number is the same as selected axis number on UIF.
Check attachment of measuring target mark again.

CVIS-524: Robot position is invalid.
[Cause]
Robot position is invalid.
[Remedy]
Please don't jog robot or execute other programs during step data measurement.

CVIS-525: Master image is not trained.
[Cause]
Master image is not trained.
[Remedy]
Train master image first.

CVIS-526: Wrong master image size.
[Cause]
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The size of image to add does not coincide with the size of master image.
[Remedy]
Either capture or load an image with the size of master image, or clear the master image first.

CVIS-527: Master image reference pose is not set.
[Cause]
Window Shift Tool is inserted before Surface Flaw Inspection Tool.
[Remedy]
Train master image for static removal again.

CVIS-528: Shading coefficients are not set.
[Cause]
Shading coefficients are not set.
[Remedy]
Train master image for shading removal first.

CVIS-529: Shading coefficients cannot be calculated.
[Cause]
Not enough pixels are available to calculate the shading coefficients.
[Remedy]
Re-edit the run-time mask for shading background removal and reduce the area to mask.

CVIS-530: Image is not suitable for teaching shading removal.
[Cause]
The image is not suitable for teaching shading removal.
[Remedy]
Use another image preprocess, or mask the pixels that have irrelevant grayscale change.

CVIS-540: Work area is too narrow.
[Cause]
Specified work area is too narrow.
[Remedy]
Set up proper boundaries of work area.

15.2 FREQUENTLY ASKED QUESTIONS

15.2.1 PC UIF Troubles

If there is a problem with iRVision teach operation on a PC, first check this subsection.

The robot home page cannot be opened.
If Internet Explorer of your PC is configured to use the proxy server, the PC and controller may not be
able to communicate with each other correctly. Set it as described in Section 3.3, "CONNECTING A
SETUP PC".

When you click iRVision Vision Setup, the message “Failed to login Vision Setup”

appears.
The Windows firewall might be set incorrectly. Set it as described in Section 3.3, "CONNECTING A
SETUP PC".
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When you open the iRVision Vision Setup, the message “Enables popup on
Internet Explorer” appears.
Internet Explorer might be set incorrectly. Set it as described in Section 3.3, “CONNECTING A
SETUP PC”.

When you create a new vision data file, a runtime error occurs.
Internet Explorer might be set incorrectly. Set it as described in Section 3.3, "CONNECTING A SETUP
PC".

Clicking iRVision Vision Setup displays the alarm [70: Cannot write].
Internet Explorer might be set incorrectly. Set it as described in Section 3.3, "CONNECTING A SETUP
PC".

No window opens even though iRVision Vision Setup is clicked.
The Windows firewall might be set incorrectly. Set it as described in Section 3.3, “CONNECTING A
SETUP PC”.

If security software is installed in your PC, communication might be blocked by the security software.
Disabled the security software.

The alarm [PMON-001 Failed to notify PC Monitor] is displayed on the teach
pendant of the robot.
The Windows firewall might be set incorrectly. Set it as described in Section 3.3, “CONNECTING A
SETUP PC”.

If security software is installed in your PC, communication might be blocked by the security software.
Disabled the security software.

Clicking iRVision Vision Setup stops processing at icon copy time.
Communication with the robot controller may not be performed normally due to the influence of the
add-on software of Internet Explorer. Disable all add-on's issued by other than FANUC Robotics North
America or FRNA, by choosing "Manage Add-on's" from the "Tools" menu of Internet Explorer. In this
state, check whether iRVision teach operation can be performed normally. If no problem arises, enable
the disabled add-on's one at a time while checking that iRVision teach operation is not affected.

Clicking iRVision Vision Setup displays [A problem occurred] and closes Internet
Explorer.
Communication with the robot controller may not be performed normally due to the influence of the
add-on software of Internet Explorer. Disable all add-on's issued by other than FANUC Robotics North
America or FRNA, by choosing "Manage Add-on's" from the "Tools" menu of Internet Explorer. In this
state, check whether iRVision teach operation can be performed normally. If no problem arises, enable
the disabled add-on's one at a time while checking that iRVision teach operation is not affected.

The hourglass-shaped mouse cursor remains displayed on the vision data list
screen and another operation cannot be performed.
If Internet Explorer in your PC is set to use a proxy server, the PC might not normally communicate with
the robot controller. Open the Internet Explorer option setting screen and disable the proxy server
setting.

No image is displayed on the iRVision teach screen.

When you log in to your PC as a user without the Administrator password, the PC might not normally
communicate with the robot. Log in to your PC as a user with the Administrator password.
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When Microsoft® Internet Information Server is installed in your PC and Worldwide Web Publishing
Service is enabled, the PC might not communicate normally with the robot controller. Disable the
Worldwide Web Publishing Service.

When you try to load an image file, [Runtime error '0'] occurs.
When Internet Information Services (11S) is enabled, communication with the robot controller may not be
performed correctly. Choose Control Panel then open "Add or Remove Program". Next, uncheck
"Internet Information Services (11S)" on the list of "Windows Components".

When you try to finish editing masks, the CVIS-005 alarm is issued.
When Internet Information Services (I1S) is enabled, communication with the robot controller may not be
performed correctly. Choose Control Panel then open "Add or Remove Program™. Next, uncheck
"Internet Information Services (11S)" on the list of "Windows Components”.

When you try to finish editing masks, [Runtime error '0'] occurs.
When the password protection function of the robot controller is enabled, communication with the robot
controller may not be performed normally. Disable the password protection function of the robot
controller.

On ROBOGUIDE, vision data cannot be newly created.
Set ROBOGUIDE so that Internet Explorer is used instead of the browser built into ROBOGUIDE. The
installation destination directory of ROBOGUIDE includes the file "Orderinfo.xfr". Open this file with a
text editor then modify the line:
<RoboguideFeature Name="UselE" Support="No"/>
to:
<RoboguideFeature Name="UselE" Support="Yes"/>

On Roboguide, nothing is displayed on the iRVision main setup page
Set ROBOGUIDE so that Internet Explorer is used instead of the browser built into ROBOGUIDE. The
installation destination directory of ROBOGUIDE includes the file "Orderinfo.xfr". Open this file with a
text editor then modify the line:
<RoboguideFeature Name="UselE" Support="No"/>
to:
<RoboguideFeature Name="UselE" Support="Yes"/>

On ROBOGUIDE, when you try to finish editing masks, [Runtime error '0'] occurs.
Set ROBOGUIDE so that Internet Explorer is used instead of the browser built into ROBOGUIDE. The
installation destination directory of ROBOGUIDE includes the file "OrderInfo.xfr". Open this file with a
text editor then modify the line:

<RoboguideFeature Name="UselE" Support="No"/>
to:
<RoboguideFeature Name="UselE" Support="Yes"/>

15.2.2 Vision UIF Control cannot be Installed

Check that the "iRVision UIF Controls" option (A05B-2500-J871) is ordered. If the option is not
ordered, contact your FANUC sales representative.

When Vision UIF Control cannot be installed even though the option is ordered, the memory of the robot
controller might be insufficient. Install Vision UIF Control as described below.

1 Write down the value of system variable $VISPOOL_SIZ.
2 Set $VISPOOL_SIZ to 0 and turn the power of the controller off and back on again.
3 Login to the iRVision teach screen and install Vision UIF Control.
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4 Set $VISTOOL_SIZ to the original value and turn the power of the controller off and back on again.

15.2.3 To Create More Vision Data

Vision data is stored in the F-ROM module of the robot controller. When free space on the F-ROM
module is used up, no more vision data can be created. To create more vision data, free space can be
increased as described below.

Disable automatic backup
By default, the R-30iA controller is configured to make the backup automatically. By default, automatic
backups are stored on the F-ROM and the most recent two sets are preserved. By disabling automatic
backup, vision data about three times larger can be created. For the procedure for modifying the setting of
the automatic backup function, refer to the application —specific Operator’s Manual or Setup and
Operations Manual of the R-30:A controller.

Change the automatic backup destination to MC:
By default, automatic backups are stored on the F-ROM and the most recent two sets are preserved. By
changing the automatic backup destination device from FRA: (F-ROM) to MC:, vision data about three
times larger can be created on the F-ROM. For the procedure for modifying the setting of the automatic
backup function, refer to the application —specific Operator’s Manual or Setup and Operations Manual
of the R-30iA controller.

Exchange the F-ROM module
For use with the R-30iA controller, F-ROM modules of two different sizes are available: 32MB and
64MB. If the size of the F-ROM module on your controller is 32MB, replace the F-ROM module with a
64MB F-ROM module. By doing so, more vision data can be created. For the number of vision data
that can be created when the F-ROM module is changed to a 64MB module, see Section 2.4, “VISION
DATA”. For F-ROM module replacement, consult with your FANUC technical representative.
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