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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.
o 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 PRECAUTIONS

Thank you for purchasing FANUC Robot.
This chapter describes the precautions which must be observed to ensure the safe use of the robot.
Before attempting to use the robot, be sure to read this chapter thoroughly.

Before using the functions related to robot operation, read the relevant operator's manual to become
familiar with those functions.

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
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2 DEFINITION OF WARNING, CAUTION AND
NOTE

To ensure the safety of working persons and prevent damage to the machine, this manual indicates each
precaution on safety with "Warning" or "Caution™ according to its severity. Supplementary information is
indicated by "Note". Read the contents of each "Warning", "Caution" and "Note" before attempting to use
the robots.

/N\WARNING
Applied when there is a danger of death or injury to the working person and the
equipment being damaged, if the approved procedure is not observed.

/N\CAUTION
Applied when there is a danger of the equipment being damaged, if the
approved procedure is not observed.

NOTE
Notes are used to indicate supplementary information other than Warnings and
Cautions.

e  Read this manual carefully, and store it in a safe place.

3 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. |

(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 PRECAUTIONS for detail of stop type). For connection, see
Fig.3 (a) and Fig.3 (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.
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(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.

(10) Operators should be ungloved while manipulating the operator’s panel or teach pendant. Operation
with gloved fingers could cause an operation error.

(11) Programs, system variables, and other information can be saved on memory card or USB memories.
Be sure to save the data periodically in case the data is lost in an accident.

(12) The robot should be transported and installed by accurately following the procedures recommended
by FANUC. Wrong transportation or installation may cause the robot to fall, resulting in severe
injury to workers.

(13) In the first operation of the robot after installation, the operation should be restricted to low speeds.
Then, the speed should be gradually increased to check the operation of the robot.

(14) Before the robot is started, it should be checked that no one is in the area of the safety fence. At the
same time, a check must be made to ensure that there is no risk of hazardous situations. If detected,
such a situation should be eliminated before the operation.

(15) When the robot is used, the following precautions should be taken. Otherwise, the robot and
peripheral equipment can be adversely affected, or workers can be severely injured.

- Avoid using the robot in a flammable environment.

- Avoid using the robot in an explosive environment.

- Avoid using the robot in an environment full of radiation.

- Avoid using the robot under water or at high humidity.

- Avoid using the robot to carry a person or animal.

- Avoid using the robot as a stepladder. (Never climb up on or hang from the robot.)

(16) When connecting the peripheral devices related to stop(safety fence etc.) and each signal (external
emergency , fence etc.) of robot. be sure to confirm the stop movement and do not take the wrong
connection.

(17) When preparing trestle, please consider security for installation and maintenance work in high place
according to Fig.3 (c). Please consider footstep and safety bolt mounting position.
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gate is opened.
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Fig. 3 (a) Safety fence and safety gate
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Fig. 3 (b) Limit switch circuit diagram of the safety fence
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Fig.3 (c) Footstep for maintenance

3.1 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) Installan 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 PRECAUTIONS for detail of stop type), when the external
EMERGENCY STOP bhutton is pressed. See the diagram below for connection.

Dual chain

External stop button

Emergency stop board r(.l\;).te_) ''''''''''''''''''''''''''''''''''''''' 1

or Panel board I Gonnect EES1 and EES11, EES2 and EES21 or EMGINT !

EEST : and EMGIN2 :

! .

‘ i EEST1 | For the R-30iB, the R-30iB Mate !
i EES2 | EES1,EES11,EES2,EES21 are on the emergency stop board |

. | |

‘ T~ EES21 j For the R-30iA i
i EES1,EES11,EES2,EES21 or EMGIN1, EMGIN2 are on the |

i panel board. i

Single chain . .
I For the R-30iA Mate I

External stop button | Terminals EAST,EAS11,EAS2,EAS21 or FENGE1,FENCE2 !
Panel board | are provided on the emergency stop board or in the connector I

| panel of CRM65 (Open air type). |

i !

~1_] EMGIN1 i Refer to the ELECTRICAL CONNCETIONS Chapter |

‘ EMGIN2 jof CONNECTION of controller maintenance manual for |

Fig.3.1 Connection diagram for external emergency stop button
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3.2 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.

(5) Programming should be done outside the area of the safety fence as far as possible. If programming
needs to be done in the area of the safety fence, the programmer should take the following
precautions:

— Before entering the area of the safety fence, ensure that there is no risk of dangerous situations
in the area.

— Be prepared to press the emergency stop button whenever necessary.

— Robot motions should be made at low speeds.

— Before starting programming, check the entire system status to ensure that no remote instruction
to the peripheral equipment or motion would be dangerous to the working person .

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
PRECAUTIONS 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. (For the 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 the stop of the robot (Please refer to "STOP TYPE OF ROBOT" in

SAFETY PRECAUTIONS for detail of stop type) when pressed.

(2) DEADMAN switch: Functions differently depending on the teach pendant enable/disable switch setting
status.

(@ Disable: The DEADMAN switch is disabled.

(b) Enable: 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-30iB/R-30iB Mate/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 programmer’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
programmer should make sure that the robot could operate in such conditions and be responsible in carrying out
tasks safely.

Based on the risk assessment by FANUC, number of operation of DEADMAN SW should not exceed about 10000
times per year.
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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.
For the R-30iB/R-30iB Mate/R-30iA Controller or CE or RIA specification of the R-30{A Mate Controller
Teach pendant Software . .
Mode . 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
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.

For the 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) (Only when R-30iB/R-30iB Mate /R-30iA Controller or CE or RIA specification of R-30iA Mate

(7)

(8)

3.3

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 operation 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.

(¢) 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 operation 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

(1)
(2)

®3)

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

During operation, never enter the robot work area.

A hazardous situation may arise when the robot or the system, are kept with their power-on during
maintenance operations. Therefore, for any maintenance operation, the robot and the system should
be put into the power-off state. If necessary, a lock should be in place in order to prevent any other
person from turning on the robot and/or the system. In case maintenance needs to be executed in the
power-on state, the emergency stop button must be pressed.

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
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maintenance personnel must indicate that maintenance work is in progress and be careful not to
allow other people to operate the robot carelessly.

(4) When entering the area enclosed by the safety fence, the maintenance worker must check the entire
system in order to make sure no dangerous situations exist. In case the worker needs to enter the
safety area whilst a dangerous situation exists, extreme care must be taken, and entire system status
must be carefully monitored.

(5) Before the maintenance of the pneumatic system is started, the supply pressure should be shut off
and the pressure in the piping should be reduced to zero.

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

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

(8) 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.

(9) 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.

(10) 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.

(11) When replacing a part, please contact FANUC service center. If a wrong procedure is followed, an
accident may occur, causing damage to the robot and injury to the worker.

(12) When replacing or reinstalling components, take care to prevent foreign material from entering the
system.

(13) 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.

(14) A part should be replaced with a part recommended by FANUC. If other parts are used, malfunction
or damage would occur. Especially, a fuse that is not recommended by FANUC should not be used.
Such a fuse may cause a fire.

(15) When restarting the robot system after completing maintenance work, make sure in advance that
there is no person in the work area and that the robot and the peripheral devices are not abnormal.
(16) When a motor or brake is removed, the robot arm should be supported with a crane or other

equipment beforehand so that the arm would not fall during the removal.

(17) Whenever grease is spilled on the floor, it should be removed as quickly as possible to prevent
dangerous falls.

(18) The following parts are heated. If a maintenance worker needs to touch such a part in the heated
state, the worker should wear heat-resistant gloves or use other protective tools.

—  Servo motor

— Inside the controller
— Reducer

—  Gearbox

—  Wrist unit

(19) Maintenance should be done under suitable light. Care must be taken that the light would not cause
any danger.

(20) When a motor, reducer, or other heavy load is handled, a crane or other equipment should be used to
protect maintenance workers from excessive load. Otherwise, the maintenance workers would be
severely injured.

(21) The robot should not be stepped on or climbed up during maintenance. If it is attempted, the robot
would be adversely affected. In addition, a misstep can cause injury to the worker.

(22)When performing maintenance work in high place, secure a footstep and wear safety belt.

(23) After the maintenance is completed, spilled oil or water and metal chips should be removed from the
floor around the robot and within the safety fence.

(24) When a part is replaced, all bolts and other related components should put back into their original
places. A careful check must be given to ensure that no components are missing or left not mounted.

(25) In case robot motion is required during maintenance, the following precautions should be taken :
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- Foresee an escape route. And during the maintenance motion itself, monitor continuously the
whole system so that your escape route will not become blocked by the robot, or by peripheral
equipment.

- Always pay attention to potentially dangerous situations, and be prepared to press the emergency
stop button whenever necessary.

(26) The robot should be periodically inspected. (Refer to the robot mechanical manual and controller

maintenance manual.) A failure to do the periodical inspection can adversely affect the performance
or service life of the robot and may cause an accident

(27) After a part is replaced, a test operation should be given for the robot according to a predetermined

A

method. (See TESTING section of “Controller operator’s manual”.) During the test operation, the
maintenance staff should work outside the safety fence.

SAFETY OF THE TOOLS AND
PERIPHERAL DEVICES

4.1

PRECAUTIONS IN PROGRAMMING

)
(2)
®3)
(4)

4.2

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

)

(2)
®3)

(4)

()

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

grease, water, and dust.

Only use approved cuttings fluids and cleaning fluids.

Use a limit switch or mechanical stopper to limit the robot motion to prevent the robot from

collisions against peripheral devices or tools.

Observe the following precautions about the mechanical unit cables. Failure to follow these

precautions may cause mechanical problems.

e  Use mechanical unit cable that meet user interface requirement.

e Don not route additional cables or hoses inside the mechanical unit.

e Do not obstruct the movement of the mechanical unit cables when additional cables are touted
external to the mechanical unit.

e  For models that have exposed cables, do not modify the cable bundle construction (such as by
adding on protective covers, tying on additional cables) that could change the behavior of the
cable motion.

e  When installing user peripheral equipment on the robot mechanical unit, please pay attention
that equipment does not interfere with the robot itself.

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 PRECAUTIONS for detail of stop type.)

(Bad case example)
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e Whenever poor product is generated, a line stops by emergency stop and power-off of the robot
is executed.

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 (SRV0-050) etc. occurs. Please try to avoid
unnecessary power-off stops. It may cause the trouble of the robot, too. So remove the causes of the
alarm.

5 SAFETY OF THE ROBOT MECHANISM

5.1 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.

5.2 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.

5.3 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.

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

For emergency or abnormal situations (e.g. persons trapped in or pinched 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.
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6 SAFETY OF THE END EFFECTOR

6.1 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.

(2) Provide the end effector with a limit switch, and control the robot system by monitoring the state of
the end effector.

[  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.
Frequent Power-Off stop of the robot during operation can cause mechanical problems of the robot.
Avoid system designs that require routine or frequent Power-Off stop conditions.

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 "SRVO0-199 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 emergency 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.
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There are the following 3 Stop patterns.

Stop Emergency External Servo
Mode stop Emergency FENCE open SVOFF input .
pattern disconnect
button stop

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
Disable

The following table indicates the Stop pattern according to the controller type or option configuration.

Option R-30iB/R-30iB Mate
Standard A
Controlled stop by E-Stop (A05B-2600-J570) C (™

(*) R-30iB/R-30iB Mate does not have servo disconnect. R-30iB Mate does not have SVOFF input.

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 (**) A A
Stop type set (Stop pattern C)
(AO5B-2500-1570) N/A N/A C C N/A C C

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

(**) R-30iA 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.

"Controlled stop by E-Stop" option

When "Controlled stop by E-Stop" (A05B-2600-J570) option (For the R-30iA/R-30iA Mate, it is Stop
type set (Stop pattern C) (A05B-2500-J570)) is specified, the stop type of the following alarms becomes

Controlled stop but only in AUTO mode.
the normal operation of the system.

In T1 or T2 mode, the stop type is Power-Off stop which is

Alarm

Condition

SRVO-001 Operator panel E-stop

Operator panel emergency stop is pressed.

SRVO0-002 Teach pendant E-stop

Teach pendant emergency stop is pressed.

SRVO-007 External emergency stops

External emergency stop input (EES1-EES11, EES2-EES21) is
open. (R-30iA/R-30iB/R-30iB Mate controller)

SRVO0-194 Servo disconnect
(R-30iA controller)

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

SRVO-218 Ext.E-stop/Servo Disconnect

External emergency stop input (EES1-EES11, EES2-EES21) is
open. (R-30iA Mate controller)

SRVO-408 DCS SSO Ext Emergency Stop

In DCS Safe 1/0 connect function, SSO[3] is OFF.

SRVO0-409 DCS SSO Servo Disconnect

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

For the R-307A or R-30ZA Mate, 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.

/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 this option is loaded.

140730
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B-83304EN-5/04 1.PREFACE

1 PREFACE

This chapter describes an overview of this manual and safety precautions regarding the FANUC 3D Laser
Vision Sensor, which should be noted before operating the iRVision function.

1.1 OVERVIEW OF THE MANUAL

This manual describes how to operate the iRVision function controlled by the R-30iB/R-30iB Mate
controller. In this manual, only the operation and the technique of programming for the dedicated sensor
functions are explained, if the installation and the setup of the robot are completed. Refer to the
"HANDLING TOOL Operations Manual™ about other operations of FANUC Robots.

This manual is directed to users who have taken the iRVision 3D Laser Vision Sensor course, the
iRVision 2D Vision Sensor course and (RVision 3D Area Sensor at the FANUC Training Center. For
details of each setup parameter, refer to the online help information or the "R-30iB/R-30iB Mate iRVision
OPERATOR’S MANUAL (Reference)".

/A CAUTION
This manual is based on the R-30iB system software version V8.30P/03. 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 How to use this manual
Chapter 2 Overview of Bin Picking system
Chapter 3 Basic Bin Picking system configuration and features
Chapter 4 Basic setup procedures of Bin Picking system
Chapter 5 Reference of Frame Setup
Chapter 6 Reference of Camera Calibration
Chapter 7 Reference of 3D Area Sensor
Chapter 8 Reference of Interference Avoidance function
Chapter 9 Reference of Parts List Manager function
Chapter 10 Bin Picking configuration function
Chapter 11 Description of customization of Bin Picking system
Chapter 12 Trouble shooting related Bin Picking system
1.2 RELATED MANUALS

This section introduces related manuals.

R-30iB/R-30iB Mate CONTROLLER OPERATOR’S MANUAL (Basic Operation)

B-83284EN
This is the main manual of R-30:B/R-30:B Mate Controller. This manual describes the following items
for manipulating workpieces with the robot:
e  Setting the system for manipulating workpieces

Operating the robot

Creating and changing a program

Executing a program

Status indications

Backup and restore robot programs.
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This manual is used on an applicable design, robot installation, robot teaching.

R-30iB CONTROLLER MAINTENANCE MANUAL B-83195EN
This manual describes the maintenance and connection of R-30:B Controller.

R-30iB Mate CONTROLLER MAINTENANCE MANUAL B-83525EN
This manual describes the maintenance and connection of R-30iB Mate Controller.

R-30iB/R-30iB Mate CONTROLLER OPERATOR’'S MANUAL (Alarm Code List)

B-83284EN-1
This manual describes the error code listings, causes, and remedies of R-30iB/R-30iB Mate Controller.

R-30iB/R-30iB Mate CONTROLLER Sensor Mechanical Unit/Control Unit

OPERATOR’'S MANUAL B-83434EN
This manual describes the connection between sensors which is a camera or 3D Laser Sensor and
R-30iB/R-30iB Mate Controller, and maintenance of sensors.

R-30iB/R-30iB Mate CONTROLLER iRVision OPERATOR’'S MANUAL
(Reference) B-83304EN
This manual is the reference manual for iRVision on the R-30iB controller. This manual describes each
function which is provided by iRVision. This manual describes the meanings (e.g. the items on
iRVision setup screen, the arguments of the instruction, and so on.

R-30iB/R-30iB Mate CONTROLLER iRVision 2D Vision Application

OPERATOR’S MANUAL B-83304EN-1
This manual is desired to first refer to when you start up systems of iRVision 2D Compensation and 2.5D
Compensation. This manual describes startup procedures of iRVision 2D Compensation and 2.5D
Compensation system, creating programs, caution, technical know-how, response to several cases, and so
on.

R-30iB/R-30iB Mate CONTROLLER iRVision 3D Laser Vision Sensor

Application OPERATOR’S MANUAL B-83304EN-2
This manual is desired to first refer to when you start up systems of iRVision 3D Laser Sensor
Compensation. This manual describes startup procedures of iRVision 3D Laser Sensor Compensation,
creating programs, caution, technical know-how, response to several cases, and so on.

1.3 PRECAUTIONS FOR 3D LASER VISION SENSOR

This section describes precautions to be taken for the 3D Laser Vision Sensor before using it.

1.3.1 Safety of Laser Sensor

A 3D Laser Vision Sensor is a visual sensor, which detects the position and posture of an object using

semiconductor lasers.

/A CAUTION
Observe user's safety and fire precautions in accordance with the safety
standards and the regulations, which the country and the region provide when
you use this sensor. Moreover, when the safety standards and regulations are
changed or newly enacted, please follow them.
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The laser classification used in the sensor
Semiconductor lasers — Class Illa Laser (cf. FDA 1040.10)
Class 3R Laser (cf. IEC Pub.60825 / JIS C6802)

1.3.2 Laser Beam

The semiconductor laser beam is a visible optical laser with a wave length of 650 nm. It is necessary to
pay attention to its operation though the maximum output power is at most 4.5mW x 2. Do not irradiate
the output beam from the sensor directly to your eyes. Moreover, do not look straight at the scattered
light for a long time.

1.3.3 Warning Label

The warning labels which inform the danger of the laser beam irradiation are affixed on this laser sensor.
Moreover, the warning labels in accordance with United States FDA standard are prepared as an option.
Fig. 1.3.3 (a) and Fig. 1.3.3 (b) show the warning labels used.

(D Explanatory label (for IEC/JIS)

-U-tE-
EEBEEHERNELILLTLREN,
J323RV-¥RE

-LASER RADIATION- |
AVOID DIRECT EYE EXPOSURE |

CLASS 3R LASER PRODUCT

RXthH 4.5mW x2
Az CW
nE 0.65um
L1 $¥hU-o
1EC 80825-1:1993 + AMENDMENT 1, 2

MAXIMUM OUTPUT 4.5m¥W x2
PULSE DURATION CW
EMITTED WAVELENGTH 0.65um
LASER MEDIUM SEMICON.

IEC 80825-1:1993 + AMENDMENT 1, 2

JIS (general type) [EC (general type)

@ Aperture label

—_——
VISIBLE LASER RADIATION

If AVOID EXPOSURE — VISIBLE

I LASER RADIATION 1S EMITTED

i FROM THIS APERTURE.

JIS (general type) IEC (general type) FDA (general type)

CDANGER>

@ Warning label

VISIBLE LASER RADIATION
-AYOID DIRECT EYE EXPOSURE.

IEC/JIS

[MAXTMUM OUTPUT T4, Su¥x2]
[PULSE DURATION] Cv |
| EMTTTED VAVECENGTH | 0.65gm |
[LASER MEDIUM |SEMICON.]

CLANS Ils LASER PRODUCT

FDA

Fig. 1.3.3 (a) Warning labels (1)
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3580, Shibokusa Aza-Komanba.
Oshino-mura, Minamitsuru-gun,
Yamanashi Prefecture, Japan

C}Access panel label
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2 OVERVIEW

A bin picking system is an application that enables the vision system to recognize the position and
posture of each of the parts, which are randomly placed inside a container, and the robot to pick up those
parts one by one.

This manual sequentially describes the procedure to build a bin picking system. A bin picking system
can be built by performing the operations described in Chapter 4 according to the specified procedure.

2.1 FUNCTIONS RELATED BIN PICKING

Whether the functions described in this manual can be used depends on the options installed in the robot
controller. Please check whether the functions required for a bin picking system to be configured are
installed with reference to the following table.

iRVision Bin Picking iRVision 3D Laser Vision Sensor
Bin Picking SEARCH vision process 4
Interference Avoidance function v
Parts List Manager function v
3D Area Sensor-related function v

(3D Area Sensor Vision Process, etc.)
3D Laser Sensor-related function v
(3DL Single-View Vision Process, etc)

Robot-Generated Grid Cal. Tool v
Image Processing related function v
(2-D Single-View Vision Process, etc.)

Search Area Restriction Tool v

The functions not listed in this table can be basically used for any option.

2.2 KEY CONCEPT

This section describes terms used in this manual.

SEARCH
Indicates the detection of parts in a container using a camera or 3D Area Sensor installed above the
container. SEARCH can also be performed using a hand camera installed in the wrist of a robot.
SEARCH finds the approximate position of each part in the container. In SEARCH with 3D Area
Sensor, the accurate 3D position and posture of each part can be obtained.

FINE
Indicates moving a robot to a predetermined position and performing 3D measurement with the 3D Laser
Sensor attached to the wrist of the robot, based on the position of a part obtained by SEARCH. This
enables the obtainment of the accurate 3D position and posture of each part, which cannot be measured
by SEARCH with a fixed camera or hand camera. If there is no robot mounted sensor then FINE does
not have to be setup.

Part Data
Indicates one data item including detection results of SEARCH and FINE for a specific part in the
container. Part data is assigned a unique ID number (part data ID). Part data is identified by its part
data ID.
-5-
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Parts List
Indicates a list of the parts with their part data ID. A bin picking system needs to be designed so that the

part data of parts in one container is managed by one parts list.

Push
Indicates that a part data is created on the basis of the result of detection by the SEARCH process and the

created part data is added to the parts list.

Po P
Indicates the selection of part data that is picked up preferentially, from a parts list.

Black List
If the part data that was failed to be picked up is popped again, it is likely that same picking failure will
occur again.  To address such a failure, the part data that was failed to be picked up is put in a black list
and managed differently.

3D Area Sensor
Indicates a 3D sensor that consists of two camera units and one projector unit. 3D Area Sensor obtains
3D information in the field of view by imaging multiple stripe patterns projected by the projector unit
using the two camera units.

3D Map
Multiple 3D points obtained in one measurement by 3D Area Sensor are collectively called a 3D map.

2.3 OVERVIEW OF PARTS LIST MANAGER

This section describes the Parts List Manager, which is a basic function of bin picking. The Parts List
Manager is a collection of functions required for bin picking. For example, the Parts List Manager
creates part data based on the result of detection by a vision process executed as SEARCH and pushes the
found part data to the parts list. Bin picking using the Parts List Manager is performed mainly in the
four steps shown in the figure below.

Data Management Parts List
Vision Process A 1. PUSH part data 2. POP
to part list UL DELEL P
Q + Part ID:1
Status: Awaiting —PICK Success|

4 + Pop: TRUE
Add to Part List:1
. Priority:100.0
Vision Process B 3.Get PICK VisionyResuIt: +
O position
+ [ ] L PartData2
4 O PICK Position Part ID:2
Status: Awaiting
Pop: FALSE
Vision Process C Agg to Part List: 2
O Priority: 90.0
Vision Result: ( +
" v
C Part Data3
. - Part ID: 3
Reference PICK position (Vision Process A)| = PICK Success Status: Awaiting
Reference PICK position (Vision Process B) Pop: FALSE :
Add to Part List: 2
Reference PICK position (Vision Process C) Priority: 75.0
Vision Result: \ +

4. Set status to
part data
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Step 1  Pushing
Part data is created on the basis of the result of detection by the SEARCH vision process and the
created part data is added to the parts list.

Step2  Popping
A candidate for part data to be picked up is selected from part data included in the parts list. At this
time, the part data with the highest priority included in the part data is selected. The priority of part
data is set when the part data is pushed. The user-specified measurement value of 10 measurement
values held in the result of detection by the vision process is set as the priority.

Step 3  Getting the pick position (getting the robot movement position)
The vision offset from the popped part data and the reference PICK position from the Parts List
Manager are used to calculate the robot pick and approach positions.  Since the part data including
the found results by vision process A is popped in the above example, the pick position is calculated
on the basis of the vision offset data stored in this part data and the reference pick position of vision
process A saved by Parts List Manager and the calculated pick position is output to the position
register.

Step4  Setting the status
When any operation is performed on the part corresponding to popped part data, such as a success or
failure of PICK, a success or failure of FINE, etc., the status indicating the state of the part is set for
the part data.  Setting the status for the part data makes the states of parts in the container identical
to the states of part data in the parts list. If the state of the parts in the container is not identical to
the states of the part data in the pat list, bin picking cannot be performed efficiently.

Parts List Manager has the following functions in order to facilitate bin picking in the above four steps.

Data management function
This function performs data management by setting a vision process and reference robot positions
such as the reference PICK position in a list form.  Since the vision process used and the reference
robot positions can be set and displayed in a list form, the structure of a bin picking system can be
easily understood.

Position get function
This function allows Parts List Manager to automatically calculate the robot positions (for example,
the FINE position and PICK position) required for the next processing by using the reference robot
position stored in the data management function and the vision offset data of popped part data and
the calculated positions to the position register.

Reference position setting wizard function
This function sets the reference data and its corresponding robot reference position related to the
vision process set by the data management function, in a wizard form.

The parts list management function, data management function, position get function, and reference
position setting wizard function as described above are combined in Parts List Manager.

/\ CAUTION
The Parts List Manager does not support for the following robot.
The robot with additional axes.
The robot whose motion group is not group 1.
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2.3.1 Login to Parts List Manager Setup

To log in to the Parts List Manager Setup screen, press MENU on the iPendant and select [7 Bin Pick
PM] from [8 iRVision].

2.4 OVERVIEW OF INTERFERENCE AVOIDANCE

Busy Step

SETUP General

1 UTILITIES 13
Z TEST CYCLE
3 MANUAL FCTHNE
4 ALARM
5 I/0

_56 JETUP

SE7 FILE
Zﬂ:
<

LL 9 U3SER
0 -- NEXT --

4
4
4
4

Menu Fawvori

] Deadman switch releassed

SET POS LINE O T1 ABCRTED [usisc

iRVision 1

1 Vision Setup

Z Vision Runtime

3 Vision Log

4 Vizion Config

5 Vigion Utilities
& Bin Picking IA

7 Bin Picking PM

28 Bin Picking Cfg

tes (press and hold to set)

This section describes the interference avoidance function, which is a basic function of the bin picking.

The interference avoidance function includes the following three functions.

Interference Check
This function checks interference between the end of arm tooling of the robot and peripheral objects.

Interference Avoidance
In addition to the Interference Check, this function automatically generates the target position and posture

in a specified range if interference occurs at the checked robot position.

Wall Avoidance

This function calculates the offset by which the end of arm tooling of the robot is retracted from the wall

toward the center of the container.

container after the FINE or the PICK operation.

This function is used when the robot retracts from the wall of the

When using the above three functions, the position and size of an object for which interference is checked

should be set in advance in the interference avoidance setup section.

The position and size of an object

for which interference is checked are set by combination of multiple fixed-shape objects (container,
sphere, cylinder, and hexahedron) as shown in the figure below.
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Peripheral objects such as the container and the columns of the camera stand are set as system data and
objects other than the container are treated as fixed objects. Robot-equipped objects such as the gripper
and the 3D Laser Vision Sensor, if used, are set as robot data and the set objects are treated as tool objects.
Conditions when an interference check, interference avoidance, or wall avoidance is performed using the
data of these objects are set as avoidance condition data.

2.4.1

To log in to the Interference Avoidance Setup screen, press MENU on the iPendant and select [6 Bin Pick
IA] from [8 iRVision].

Login to Interference Avoidance Setup

Step %] Deadman switch released

UTILITIES
TERT CYCLE

1

Z

3 MANUARL FCTHE
4 ALRRM

5 I/0

6 SETUP

T FILE

USER
-- NEXT --

Menu Favorites

V¥ision Log
Vision Config
Vision Utilities

B Bin Picking I

Ein Picking FM

Bin Picking Cfog

[press and hold to set)
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3 CONFIGURATION AND FEATURES

The iRVision mainly supports the following bin picking systems:
e  Bin picking system with 3D Area Sensor

e  Bin picking system with 2D camera

e  Bin picking system with 3D Laser Vision Sensor

This document explains how to set up each bin picking system. In addition to the above three, it also
explains how to set up a fixed frame offset system with 3D Area Sensor. Each system requires the
software option(s) below.

System configuration Required software option
Bin picking system with 3D Area Sensor iRVision bin picking
Bin picking system with 2D Camera iRVision bin picking
Bin picking system with 3D Laser Vision Sensor iRVision bin picking
iRVision 3D Laser Vision Sensor
Fixed frame offset system with 3D Area Sensor iRVision bin picking

This chapter explains the configurations and features of the four systems for which the set up procedures
are explained in the next chapter.

3.1 BIN PICKING SYSTEM WITH 3D AREA SENSOR

Configuration
This bin picking system has a configuration such as that shown in the figure below.

3D Area Sensor
Camera stand

Parts
/

Container

Conveyor

Process Flow
SEARCH is performed with the 3D Area Sensor mounted on the camera stand, and information about the
3D position and posture of a part is detected, and the part is picked.

-10 -
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Features

The 3D Area Sensor provides a function for measuring the 3D position and posture of a part by
using a 3D point near the part that is detected with a detection tool such as pattern match, as well as
a function for detecting a mass of local peaks and 3D point groups higher than surrounding points on
a 3D map acquired without using a detection tool such as pattern match. For details, see Chapter 7,
"3D AREA SENSOR REFERENCE".

In some cases a part can be picked in such a way that the direction of the gripper is matched with the
orientation of the part by using the Area Sensor Plane Tool with a GPM locator. (This depends on
the shape and characteristics of the part, so it is recommended to study the applicability.)

In some cases it is possible to achieve bin picking that does not require re-teaching in the event of a
product type change that will change the size and shape of the part, by using the Area Sensor Blob
Locator Tool, or Area Sensor Peak Locator Tool (This depends on the shape and characteristics of
the part, so it is recommended to study the applicability.)

The 3D Area Sensor may be affected by ambient light such as ceiling lighting.  If the ambient light
is too strong in relation to the intensity of the light emitted from the projector unit to the part, the
acquisition of a 3D map will be unstable, and the number of 3D points that can be acquired will be
reduced.

The 3D position and posture of a part can be detected without a FINE measurement, which is
necessary for a bin picking system with 3D Laser Vision Sensor, so that the cycle time can be
reduced.

The Interference Avoidance function is used because it is necessary to avoid the interference
between the gripper and the container.

The Parts List Manager function is used to manage part data, thereby preventing the process of
attempting to pick a part again that can be detected with SEARCH but is in a position where it
cannot be picked.

For how to set up a bin picking system with 3D Area Sensor, see Section 4.1,"BIN PICKING SYSTEM
WITH 3D AREA SENSOR".

-11 -
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3.2 BIN PICKING SYTEM WITH 2D CAMERA

Configuration
This bin picking system has a configuration such as that shown in the figure below.

Camera

Camera Stand

Gripper
(Magnetic gripper etc.)

Conveyor

Process Flow

SEARCH is performed with the fixed camera mounted on the camera stand, and the robot approaches a
detected part along the view line joining the part and the camera, and picks the part.

\ View line

SEARCH PICK

Features

e  Part detection results output from SEARCH include information about the view line joining the
camera and the part as posture information. This means that a part cannot be picked in such a way
that the orientation of the part is matched with the direction of the gripper.

e  For this reason, the gripper must be designed so that a part can be picked even if the orientation of

the part is not consistent with the direction of the gripper. (For example, a magnetic gripper may
be used.)

-12 -
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Because the robot approaches the part along the view line, the robot is sure to come in contact with
the part and, at the same time, the interference between the pallet and the robot can be minimized.
SEARCH measures the apparent size as viewed from the camera, and from the measured size, the
height of the part (Z coordinate value) is estimated. For the size to be measured accurately, a stable
lighting environment is important.

It is assumed that parts in bulk are to be picked. When in bulk, parts are at various angles, so their
sizes may not always be measured accurately. It is important to study the gripper design and the
robot operation beforehand so that parts can be picked even if there are errors in the part height
direction. To prevent system faults, it is recommended that the gripper has compliance to
accommaodate inaccuracies in found height of the part. A method to determine part present on the
gripper is important to help determine the required gripping height of the part while picking. For
example, by using a lead switch for an air cylinder and the high-speed skip function in combination,
it is possible to stop the robot immediately if the gripper comes in contact with a part.

The Interference Avoidance function is used because it is necessary to avoid the interference
between the gripper and the container.

The Parts List Manager function is used to manage part data, thereby preventing the process of
attempting to pick a part again that can be detected with SEARCH but is in a position where it
cannot be picked.

For how to set up a bin picking system with 2D camera, see Section 4.2, "BIN PICKING SYSTEM
WITH 2D CAMERA".

3.3

BIN PICKING SYSTEM WITH 3D LASER VISION SENSOR

Configuration
This bin picking system has a configuration such as that shown in the figure below.

Camera

Camera Stand

Saydlie Parts
3D Laser Vi /
Vision Sensor’\é@
_ Container

Conveyor

Process Flow
SEARCH is performed with the fixed camera mounted on the camera stand, and the robot approaches a
detected part along the view line joining the part and the camera, and then measures the accurate position
and posture of the part with the 3D Laser Vision Sensor mounted on the robot, and picks the part.

-13-
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Camera

SEARCH

Features

By using a 3D Laser Vision Sensor, the 3D position and posture of a part can be measured, so that
the part can be picked in such a way that the orientation of the part is matched with the direction of
the gripper.

For this reason, the gripper for use with a bin picking system with 3D Laser Vision Sensor need not
be provided with compliance and a part present input, which are necessary for a bin picking system
with 2D camera.

SEARCH measures the apparent size as viewed from the camera, and from the measured size, the
height of the part (Z coordinate value) is estimated. For the size to be measured accurately, a stable
lighting environment is important.

To perform fine measurement with the 3D Laser Vision Sensor, the robot must be temporarily
stopped to position the 3D Laser sensor above the part detected with SEARCH. This causes the
cycle time to be longer than in a bin picking system with 2D camera by about one to two seconds.
The Interference Avoidance function is used because it is necessary to avoid the interference
between the gripper and the container.

The Parts List Manager function is used to manage part data, thereby preventing the process of
attempting to pick a part again that can be detected with SEARCH and fine measurement but is in a
position where it cannot be picked.

For how to set up a bin picking system with 3D Laser Vision Sensor, see Section 4.3, "BIN PICKING
SYSTEM WITH 3D LASER VISION SENSOR".

-14 -
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3.4

FIXED FRAME OFFSET SYTEM WITH 3D AREA SENSOR

Configuration
This fixed frame offset system has a configuration such as that shown in the figure below.

3D Area Sensor

Camera stand

Parts
—

Conveyor

Features

The Interference Avoidance function is not used because in general, parts are lined up, and the robot
will not tilt the gripper greatly during the part picking process of the robot and because the area that
the robot picks up parts is free from any objects such as a container and a camera stand that would
interfere with the gripper. Also, because it is a simple fixed frame offset system, the Parts List
Manager function is not used, either.

The 3D Area Sensor provides a function for measuring the 3D position and posture of a part by
using a 3D point near the part that is detected with a detection tool such as pattern match, or a
function for detecting a mass of local peaks and 3D point groups higher than surrounding points on a
3D map acquired without using a detection tool such as pattern match. For details, see Chapter 7,
"3D AREA SENSOR REFERENCE".

In some cases a part can be picked in such a way that the direction of the gripper is matched with the
orientation of the part by using the Area Sensor Plane Tool with a GPM locator. (This depends on
the shape and characteristics of the part, so it is recommended to study the applicability.)

In some cases it is possible to achieve bin picking that does not require re-teaching in the event of a
product type change that will change the size and shape of the part, by using the Area Sensor Blob
Locator Tool, or Area Sensor Peak Locator Tool (This depends on the shape and characteristics of
the part, so it is recommended to study the applicability.)

The 3D Area Sensor may be affected by environmental light such as ceiling lighting. If the
environmental light is too strong in relation to the intensity of the light emitted from the projector
unit to the part, the acquisition of a 3D map will be unstable, and the number of 3D points that can
be acquired will be reduced.

For how to set up a fixed frame offset system with 3D Area Sensor, see Section 4.4, "FIXED FRAME
OFFSET SYSTEM WITH 3D AREA SENSOR™.

-15 -
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4 BASIC SETUP PROCEDURES

This chapter describes some basic setup procedures of Bin Picking described in previous chapter.

4.1 BIN PICKING SYSTEM WITH 3D AREA SENSOR

Described below is the procedure of setting up a bin picking system with 3D Area Sensor.

Interference Avoidance: ROBOT Data

— a cylinder shaped Tool Object
TCP of the gripper Reference UFRAME — UFRAME[1]
—UTOOL[1]
Interference Avoidance: SYSTEM Data
— a Container Object
/A\ CAUTION

The position of the container is fixed and the container is not moved.

The setup procedures are as follows.

4.1.1 Installation and Connection of 3D Area Sensor

Installation of the 3D Area Sensor
Install the 3D Area Sensor on the camera mount. See Chapter 7, "3D AREA SENSOR REFERENCE"
to refer the layout of the 3D Area Sensor.

Connecting the 3D Area Sensor
Connect the 3D Area Sensor to a robot controller. For details, refer to Section 2.6 of the
"R-30iB/R-30iB Mate CONTROLLER Sensor Mechanical Unit/Control Unit OPERATOR’S
MANUAL".

4.1.2 User Frame Setup

Set the user frame which is the reference frame of an offset data calculation or interference avoidance
calculation.  Set it on the upper opening of the container as shown below. For setup procedures of user
frame, refer to Chapter 5 "FRAME SETUP REFERENCE".

-16 -
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Here, set the user frame to UFRAME[1] as described in Section 4.1, "BIN PICKING SYSTEM WITH 3D
AREA SENSOR".

4.1.3 3D Area Sensor Setup

Setup the 3D Area Sensor in the following procedures.

Creating two Camera Data
Create a KOWA Digital Camera data, and set the following parameters.

iRVision Setup Main - CAM1
B | & | 5] | ’ | Zoom: |S0% ¥ ;):(ﬂ . KOWA Digital Camera
Select the channel to which one camera Channel: 17168
unit of 3D Area Sensor of the fixed Camera Type: KOwA SC130E B/wW
camera is connected. Def. Exposure Time: | 33,333 ms $| Vl ~ ﬁl
— Robot-Mounted Cam.: [
Robot Holding Cam.: This Raobot | Group |1 |
- —p [Mode: 11/2" SXGA (1280x1024) ¥ |
tShele(é the [1/_|2_ SXG'Alglg\?\?Xlstéi)S]ovl\E/hen Use Strobe: —
B/?I\[l amera Type] is Gain: T.000
Select the [2/3"SXGA(1280x1024)] when 'camera_ Parameters i
the [Camera Type] is KOWA SC130C. [mags Size: 540480 pix
Wertical Spacing: 5.300 ricrons
Aspect Ratio: 1.00000
Exposure Time Range: 0.100 - 200.000 ms
L -version Info
Carnera: 00.0F / 0.E
CCLU: 02.01/1.15
[ TYPE ] | LIVE | SMHAP | | END EDIT -3

For the other camera of the 3D Area Sensor, do the above same procedures.

-17 -
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Creating two Calibration Data

Create a Robot-Generated Grid Calibration data, and set the following parameters.

@ Image |

s

B @] @] 7| zoom:|100% v E!

Select the created camera data.

Image Logagin

Plane spacing

% Robot-Generated Grid Cal. Tool

Setup

Select the user frame to be used for Piapplication Frame:  yser Frame: (1%
camera calibration. Camera: Trained
A fixed camera is calibrated relative to the p [CAML v
selected user frame. Exposure Time: I 33,333 ms 8| v| ~ k|
Here, select the user fame[1]. Multi Exposures: 1) | 33.33 - 33.33 ms
ti Exposu 0,0 00 Train
Multi Exp re Mode Deviatior | Mask

g Maode: |Log Failed Images ¥

E I 1000 rmrm

Initial position: Record |

Ji: AR ]2: A JS: LR et
J4: 15: Ja:
[ TYPE ] | LIVE | SHAP | | END EDIT >

For the other camera of the 3D Area Sensor, do the above same procedures.

Creating a 3D Area Sensor Data
Create a 3D Area Sensor data, and set the following parameters.

(O Image

=

B| @] 0| 7| zoom:|[i0%w| D=|[projector 10:

il 3D Area Senso
il =

9r€ck 10:

| Select the [1].

Projectar Ver,

from [NG] to [OK].

Press the [Start] button to check 1/0 and
confirm that the status of it is changed T30 Map Densi

Intensity:

Date:

Time:

Nurn, Points:
Map Size:

Projector Type:

NG

11w

I 5.000 ms
by Normal v/
Std. 2 Height: i i
Remove Moise: —
Application Frame: NG
Min. Cycle: 23634 ms

Test Projector Pattern: white w
Image Display Mode: |Gray Scale v | |
— 30 Map Info.

[ TYPE ]

ACQ 3DMAP

PRJ ON END EDIT >
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iRVision Setup Main - SENSOR

(O]
B %] m] x| ¢]| 2] Camera Calib.

b CAL1 v
Test Snap Pattern: Black v

[ camera View 1

I: :':':':':':':' 3D Area Sensor

& [T camera view 1

----- :':':':':",‘:' Camera View 2

On the tree view, select the [Camera
View1] and select one of created
calibration data in [Camera Calib.].

[ TYPE ] | LIVE | SHAP END EDIT =

iR¥ision Setup Main - SENSOR

@ J '['_F=_:=T|-eg Camera View 2
® I I Carnera Calib.:
E lith 50 area Sensor pICAL2 ) ) b
Test Snap Pattern: Black »

----- M Carmera wiew 1

m Camera View 2

On the tree view, select the [Camera
View?2] and select the other of created
calibration data in [Camera Calib.].

[ TYPE ] | LIVE | SHAP | | END EDIT | =

Adjusting the Layout of the 3D Area Senor
Adjust the layout of the 3D Area Sensor. For detail, refer to Subsection 7.4.1 "Adjusting the Layout of
3D Area Sensor".

Adjusting the focus of the Projector Unit of the 3D Area Senor
Adjust the focus of the projector unit of the 3D Area Sensor. For detail, refer to Subsection 7.4.2
"Adjusting the Focus of the Projector Unit".

Adjusting the focus of the Camera Units of the 3D Area Senor
Adjust the focus of the camera units of the 3D Area Sensor. For detail, refer to Subsection 7.4.3
"Adjusting the Focus of the Camera Units".
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Calibrating the Camera Units
Calibrate the two camera units of the 3D Area Sensor in the following procedures. For detail of each
procedure, refer to Section 6.1 "Robot-Generated Grid Calibration™.

Mounting a Target
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. Mount the target at the robot end of arm tooling.
Make sure that the target does not get blocked by the robot arm or the tooling while the robot moves in
the camera’s field of view.

Teaching the Initial Position
Open one of calibration data. In the [Initial Position], set the current robot position as the starting
position to measure the target position. The starting positions should be set as the robot gripper is about
the center of FOV.

iRVision Setup Main - CAL1

@ Image | tg_ E Robot-Generated Grid Cal. Tool
_,E,LI_, Zoomn: |100% % _,Wl
Application Frame: User Frame: |1 %
Camera: Trained
CAML R
Exposure Time: % ms ¥|v|ala
Multi Exposures: 1™, 33.33 - 33

Image Logging Mode: |Log Failed Images v

Flane spacing: | 100.0 mim

Initial position: @|)
n: 1z: 13 —
Ja! el oo o JS. e o oo Js._ oo

[ TYPE ] | LIVE | SNAP | | END EDIT | =

Teaching the GPM Locator Tool
With the target located at the starting position set in the [Initial Position], select the [GPM Locator Tool1]
on the tree view and teach the model pattern of the target.
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[=} &3 Robot-Generated Grid Cal. Toal Teach
B [ GPM Locator Tool 1 GEdit
Set Org
Cen Orql
Press the [Teach] button to teach the model Ang. G Sca. G
pattern of the target. MTraining Mask: Enable | Edit
Ernphasis Area: Enable [ Edit
Maodel Origin Bias: Mone Set

}

Madel 1D:

Score Threshold: I 700 %
Contrast Threshold: I so ¥ VI Al RI
Area Overlap: I 750 %

Elasticity: I 1.5 pix
A Score Threshold I 70.0 %
o ww Floating EA l_
/ A& Results " ¥
i P P | —
[ TYPE ] | LIVE | SHAP | FIND | END EDIT | =

/N\ CAUTION
After setting the calibration data, press F5 END EDIT to close the setup page.
If the calibration setup page is opened, the Robot-Generated Grid Calibration
fails to measure the target position.

Measuring the Target Position
Visit the [Robot-Generated Grid Calibration] in the iRVision > Vision Utility Menu.

Select the calibration data in the following procedures.

1 Calibration Data
2 Target Position :
3 Program Generation

Place the cursor on the [1 Calibration Data].

Press F4 [CHOICE] and select the created
calibration data.

[ TYPE ] | DISP IMG I DETAIL [CHOICE]

Measure the target position in the following procedures.
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Step m
I1/0 Prod TCvyc
iRVision Utilities
Robot-Generated Grid Calibration

1 Calibration Data
2 Target Position
3 Program Generation

Place the cursor on the [2 Target Position].

10%
-
3

/

CAL1

Recorded

measurement.

Press SHIFT+F5 RUN to start the target

[ T¥FE ] | DISPF IMG I POSITION |

Generating a Calibration Program
Generate a calibration program in the following procedures.

Step Hold

I1/0 Prod TCyc
iRVision Utilities
Robot-Generated Grid Calibration

1 Calibration Data .

EEProgram Generation
Place the cursor on

the [3 Program Generation].

10%

A
3/3

CAL1

2 Target Position : Recorded

Press SHIFT + F5 RUN to start
the program generation.

[ TYPE ] | DISP IMG | | |

Executing the Calibration Program

Select the generated calibration program in the SELECT menu, and play it back from first line to calibrate

camera.

Do the same procedure on the other calibration data. Then calibration of two camera unit is completed.

If the installation of the target has reproducibility, set the set different tool frame index for each
calibration data as follows. As long as the position where the target is mounted remains unchanged, you

can re-calibrate the camera by executing the generated calibration program.
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- | T —
R [EERA0)| Proc N e

iRVision Utilities iRVision Utilities

Robot-Generated Grid Calibration 1/8 Robot-Generated Grid Calibration 1/8

1 Camera Calibration : 1 Camera Calibration :
Camera 3 CAMI Camera 3 CAMZ
Robot-mounted : NO Robot-mounted : NO

2 2Application UFrame d 0 2 Application UFrame 2 0

3 Plane Spacing [mm] 3 100.000 3 Plane Spacing [mm] 3 100.000

4 e % ad 4 ¢ i - LT rded

UTool for work space : UTool for work space :

6 um. Or Grriu—{tor—y 5 6 Num. O Grriu—{eor—y 7

7 HNum. Of Grid (Row) g 7 7 Num. Of Grid (Row) 7

8 Program Name 3 CAL1 8 Program Name 8 CAL2
[ TYPE ] I | | [CHOICE] | [ TYPE ] [CHOICE]

Checking the Calibration Data
Check that the calibration result is correct. To check the calibration data, refer to Subsection 6.1.6
"Camera Calibration Data Checking".

Teaching of condition of acquiring 3D Map
Open the 3D Area Sensor data and set the following parameter.

Busy . Step . Hold .. 10*
gIID Prod TCvec [

iRVision Setup Main - SENSOR

& Image ] 'f‘_h_:= {l 3D Area Sensor
P | L L B I Projector ID: 1w =
Set the Z value described in figure below. Check 10: NG Start
o Projector Type:
Application fram i
/ pplication frame  Container Projector Ver.:
Intensity: 11088

Exposure Time: | 8,000 ms
Half height of 3D Map Density: Narmal %
piles parts in Std, Z Height: | rmm
—

the application Rermove Naise:
frame

Application Frame: NG
Min., Cycle: 2363.4 ms
(Test Projector Pattern: | white
Image Display Mode: |Gray Scale v e
3D Map Info,
Drate:

Time:
Nur, Points:
Map Size: —

[ TYPE ] | | ACQ 3DMAP | PRJ OM | END EDIT | >

Confirm that a 3D map is acquired correctly by pressing F3 ACQ 3DMAP. If there is an area that 3D
points are not acquired, adjust the [Exposure Time] and the [Intensity] by referring to Subsection 7.4.4
"Adjusting the Condition of Acquiring 3D Map".

41.4 Tool Frame Setup

TCP of the Gripper
Set the tool frame on the TCP of the end of robot gripper. This frame is useful for ensuring that the TCP
of the gripper is moved to the part pick position when fixed frame offset or interference avoidance is
applied to the part pick position. The Z-axis of this frame should be set along the direction in which the
robot proceeds and retreats as it picks up a part. For setup procedures of tool frame, refer to Chapter 5
"FRAME SETUP REFERENCE ™.
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Here, set the tool frame to UTOOL [1] as described in Section 4.1, "BIN PICKING SYSTEM WITH 3D
AREA SENSOR".

4.1.5 Setup of Interference Setup Data

Creating an Interference Setup (System) and Setting the Parameters
On the interference avoidance data setup screen, create an interference setup (system) for interference
avoidance, and set the user frame and the container object to form the basis for interference avoidance
position calculation in the following procedures.

B2 |
Run EI."D Prod TCvc

iRVision Interference Avoidance Setup - 8YS

10%

Il sys

User Frame Number: 1w
Container ID: 1w

Select the user frame[1]. Container Pos. Origin: | | Record
Container Pos. ¥: | | | Record
Container Pos, : I I I Record

Container Depth: I— rm
Container Margin{xv): I—DD i
Container Margin{Z): I—DD rrn
Coantainer Offeat: w[ 0
Touch up with the pointer mounted on the robot at the positions
shown in the figure below and press [Record] button to set the
position and size of the container.

For the [Container Depth], measure the container depth shown
in the figure below. The container depth is a positive value.

Select the [1].

Container Pos. Y /Container Depth

/
: T/ M SAVE END EDIT

v " - Container Pos. X
ZA Container Pos. Origin 7
4 /
7/ /
1 7/ x /
1/ /
ST ananes —

Creating the Interference Setup (Robot) and Setting the Parameters
On the interference avoidance data setup screen, create an interference setup (robot) for interference
avoidance, and set a tool object.

In the tree view on the interference setup (robot) screen, press the 1 button. On the new tool object
creation screen, which appears, select [Cylinder] for [Shape] and [Hand] for [Name], and press F4 OK.
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T1
{4 ROBOT
Create new interference object data.
Shape:
Mame: I
| | (014 CAMCEL

Set the created tool object in the following procedures.

iR¥ision Interference Avoidance Setup - ROBOT
_ B X [El HAND
: B ROBOT : Cylinder
mrm
Base Centerl: | | |
Base Center2: | | |
Set the positions and the size of the gripper shown in the figure
below.
Base Centerl
Radius
SAVE END EDIT
Base Center2 | | |

Creating an Interference Setup (Condition) and Setting the Parameters
On the interference avoidance data setup screen, create an interference setup (condition) for interference
avoidance and set it. Create interference setup (condition) used during part picking, and set the
following parameters.
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Type: =
Utool Murnber: |
Check Mode: Check Objects until Interferdqee Check Fails v
Distance of Avoidance(z):[ 0.0 mm Select the utool[1]. |
Search Pos. Inside Honall
Container: )
Angle Between Z-axis Arl  Set the range for interference avoidance.
Pose: As an example, -30 to 30 degrees in the W direction is set
Prior Position: . .
bt as the range for the interference avoidance.

-: T T T P e Y |

Enable Minirmurn Maxirmum

® — I 0.0 0.0 il
Y — | 0.0 0.0 mm
w vd [ 300 0.0) ¢
p — o0 oo =
R — o0 oo

rval able | 1 mm =

[ TYPE ] | | | SAVE | END EDIT

4.1.6 Setup of Parts List Manager

Setting the type of the Parts List Manager
In the data list screen of the Parts List Manager, select the Parts List Manager [1] and press F3 EDIT.
If the type of the Parts List Manager [1] is not set, the following screen is displayed.

PART LIST MANAGER

The parts list manager 1 is not set any type, Please set a type.

Type: SEARCH + FIME %

| | | OK CANCEL

In the [Type], select the [SEARCH] and press F4 OK.
If the type of the Parts List Manager [1] is [SEARCH+FINE], change the type of the Parts List Manager

[1] to [SEARCH]. For details of the operation procedures about the Parts List Manager, refer to Section
9.1 "BASIC OPERATIONS OF PARTS LIST MANAGER",
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4.1.7

SEARCH Vision Process Setup

Creating a Vision Process and Setting the Parameters
Create a 3D Area Sensor Vision Process, and set the following parameters.

a

(O] Image | T.E_:=

m
i 30D Are

E il g J Zoom: |100% ¥ E

Area Sensor:

Select the created 3D Area Sensor
data.

> SENSOR
Camera Calibration:

Select the either of two created
calibration data.

> CAaLL
ICamera:
CAM1

Exposure Mode:

Jf' A Results \

Exposure Time:

Auto Exposure Area

Multi Exposures:
ulti Exposure Area

Offset Frame:

Suto Exposure Adjust

Mumber to Find:

~
'
Fixed v
| 33.333 ms ¥|v|nla| b
: Mot Trained Train

Mask

UF |Mot Selected v

Enb

—

Range

Minirmurn Maximum
| — E—

[ TYPE ] | LIVE

EEE FIND

I END EDIT

iR¥ision Setup Main - SEARCH

@ Image l t=_:=

E il M J 2oom: [100% v

yae p—
Mumber to Find:

=

Select the user frame[1].

&1 3D Area Sensor Vision Process

1

Set the height of the container bottom
and that of the upper opening of the
container. If parts are piled higher than
the upper opening of the container, set
the height of piled parts instead of that
of the upper opening of the container.
The value must be the value in the user
frame selected in the [Offset Frame].

Offset Frame: UF |1 ™
)-—/_' Range Enb  Minimum Maximum
w1 — I I mrm
¥ — I | mm
> 2: v | | mm

Image Logging Mode:
Sort by

Sort key:

Sort order:

Delte Duplicates If <:
Dup. Check Key:

Dup. Check Order:
Image Display Mode:

Ref, Data To Use:

Log Failed Images »
I\-'ision Process Level v
B

Desc, v

20,0 pix

Score v

180.0 *

Rermove Low Result
2D Image ¥
Gray Scale

This Index v: index |1 %

/ A Results " Data -
[ TYPE ] I LIVE | SNAP FIND | END EDIT | >

Teaching the Area Sensor Preprocess Tool

On the tree view of the 3D Area Sensor Vision Process, select the [Area Sensor Preprocess Tool 1] and
For setup procedures of the Area Sensor Preprocess Tool, refer to Chapter 7 in the

teach it.

"R-30iB/R-30iB Mate CONTROLLER iRVision OPERATOR’S MANUAL (Reference)".
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Teaching the Area Sensor Peak Locator Tool
On the tree view of the 3D Area Sensor Vision Process, select the [Area Sensor Peak Locator Tool 1] and

teach it.

"R-30iB/R-30iB Mate CONTROLLER iRVision OPERATOR’S MANUAL (Reference)".

Creating the Measurement Output Tool and Setting the Parameters
Create a Measurement Output Tool as a child tool of the Area Sensor Peak Locator Tool in the following
procedures.

On the tree view of the 3D Area Sensor Vision Process, select the [Area Sensor Peak Locator

1

2
3

4

On the [Measurement Output Tool] setup screen, set the following parameters.

Tool1].
Press the 1 button to create a new vision tool.

For setup procedures of the Area Sensor Peak Locator Tool, refer to Chapter 7 in the

On the setup screen to create a new vision tool, select the [Measurement Output Tool] for the

[Type].
Press F4 OK.

For setup procedures of

the Measurement Output Tool, refer to Chapter 7 in the R-30iB/R-30iB Mate CONTROLLER iRVision
OPERATOR’S MANUAL (Reference)".

. Busy . Step | Hold
Bun EIN Prod I TCyec

10%

iR¥ision Setup Main - SEARCH

| E=Tree

== Y I
=f m 3D Area Sensor Vision Process
i Area Sensor Preprocess Tool 1

:;:' “5’ Area Sensor Peak Locator Tool 1

[ B Measurement Output Tool 1

In the [Valuel], select the [Area Sensor
Peak Locator Tool 1] from the drop-down alues

select the [Z] from the drop-down box on
the right.

/ A Results

box on the left and WValued:

= Ky Measurement Output Tool 1
J &, ﬂ ﬂ _I J Measurements
£ Waluel:
Valuez:
Walue3:
Walued:
Walues:
Value:
Walue?:

Area Sensor Peak LociZ % ool 1%

Not Selected v

Not Selected ¥

Not Selected w

Not Selected v

Not Selected ¥

|Mot Selected v
! Not Selected v

Not Selected »

WaluelD:{Not Selected v

[reel | LIVE | .Isrmp

FIND

END EDIT | >

Setting the SEARCH VP List

Set the created SEARCH vision process to a SEARCH VP list in the Parts List Manager.

On the

SEARCH VP List setup screen of the Parts List Manager of Part List[1], set the following parameters.
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Img. Reg:
Priority:

Wision Process Name:

Vision Process Name |
SEARCH
Mot Set

SEARCH v
0w
Measurement 1w

Trained

\

10%
Img. Reg | Priority
0 Measurement1

list.

Select the first row of the SEARCH VP

Select the created SEARCH vision process.

Select the [Measurement1].

[ TYPE ]

[ PAGE ]

SAVE END EDIT

4.1.8

Reference PICK Position Setup

On the PICK Position List of the Parts List Manager of Part List[1], teach the reference position to pick

the part.
position".

Setting Parameters

In this document, one reference position to pick a part is referred to as "reference PICK

On the PICK Position List setup screen of the Part List Manager of Part List[1], set the following

parameters.

| Step lHnld ‘

EI Prod TCve

PICK Position List Parts List1

10%

_#| Comment Yision Process Mame | Model ID | Interference Setugl_ﬁ.p_proach Setup | Reference PICK Position | -
1 SEARCH Mot Set (5YS,ROBOT,CND) (CND, 0, 10) Mok Set
2 Mot Set Mok Set N Mot Set Mot Set Mot Set
Comment: | Select the first row of the PICK Position

Enable T \

Use Found Position:

list.

Vision Process Name:

SEARCH v‘mﬂm.-m\
0

Model 1D

~Interference Setup

Select the created SEARCH vision
process.

Check the checkbox of the [Calculate IA]. |

Calculate 1A: Enable V"’\
1ASYS: SYS v ‘|
IAROE: ROBOT v

IACHD: CNDY | uTi1

-Approach Setup

Select the created interference setup data. |

1
CHD uT:l"/

IACND:
Ofs: FR | 0 Mot Used
Tofs: PR I 10— |

-Reference PICK Position

PICK Paosition X! i .
- — and their elements of the tool offset are J
[ TYPE ] | | [ PAGE ] s.et to (0.0, 0.0, 10(.).0, 0.0, 0.0, 0.0).I

Set the index number of position register
to hold the tool offset value to be applied
to a robot position to pick a part.

Here, the tool offset is set to the PR[10]
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Teaching the Reference PICK position and Setting the Reference Data of the

SEARCH VISON PROCESS

Teach the reference PICK position and Set the reference data of the SEARCH Vision Process by pressing
the [Start Set Reference Wizard] button.

The following screen is displayed by pressing the [Start Set Reference Wizard]button. Then, press F2
NEXT to start the Set Reference Wizard after confirming the setup procedures.

Busy Step Hold Egegifikl Deadwan switch released

Fun &= 10 Prod TCye

SET REFERENCE WIZARD Setup Sequence

FIND ar teaching reference position is done in the fallowing order.

Execute SEARCH -» Setup SEARCH Reference Data -» Setup PICK Positionl

Sawve changes already made in Setup Pages and start setting references.

[ TrPE ] | MEXT | FIMD | SET | CAMNCEL |

Then, the following screen to execute a vision process is displayed. Press F3 FIND after moving the
robot outside of the container.

SET REFERENCE WIZARD PICK Position1 Setup - ¥ision Execution

Please rove the robot to detecting position for the follawing the vision process.
SEARCH

Detect a part by the following vision process,

[ TrPE ] | MEXT | FIMD | SET | CAMNCEL |

Then, the message "The vision process has run. Please confirm FIND result in Vision Runtime Page" is
displayed as follows. Press F2 NEXT after confirming that the vision process finds part correctly.
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SET REFERENCE WIZ ARD PICK Position1 Setup - ¥ision Execution

Flease move the robot to detecting position for the following the vision process,
SEARCH

Detect a part by the following wision process,
The vision process has run. Please confirm FIND result in Wision Runtime Page.

[ TYFE ] | MEXT | FIND | SET | CANCEL |

Then, the following screen to set the reference data of the Vision Process is displayed. Press F2 Next
after pressing F4 SET to set the reference data of it.

Busy Step Hold EipeRlilik] Desdrman switch released o
-
ron 225501 rron 00| SET_POS LINE O T1 ABORTED 10%

SET REFERENCE WIZ ARD PICK Position1 Setup - Reference Data Setup

Do you want to update reference data of the vision process?
If wou update, you need to re-teach the following positions.

PICK Positionl

Fress [Mext] to start next step.

[ TYFE ] | MEXT | FIMD | SET | CANCEL

The following screen to set the reference PICK position is displayed.
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Eusy I-- €] Deadwan switch released

|’ SET POS LINE 0 T1 AEORTED

SET REFERENCE WIZ ARD PICK Positionl1 Setup - Reference Position Setup

Flease move the robot to P[1]in the generated TP program and adjust its position, If you want to
set the P[1] as the reference position, press the [Set].

[ TYFE ] | COMPLETE | FIMD | SET | CANCEL |

And then, the following TP program, which is "SET_POS.TP", is automatically generated. Move the
robot to the P[1] in the SET_POS.TP by executing the TP Program. The P[1] is automatically set to the
found position of the vision process. Confirm that the found position is on a point of a part by moving
the robot to the P[1].

SET POS.TP

1: UFRAME_NUM=1

2: UTOOL_NUM=1

3:L P[1] 100mm/sec FINE

A\

Press F4 SET to set the reference PICK position after confirming that the P[1] is an appropriate position
to pick a part. If the P[1] is set to inappropriate position to pick a part, adjust the P[1] by moving the
robot. The set reference PICK position is displayed as follows.
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SET REFERENCE WIZ ARD PICK Positionl1 Setup - Reference Position Setup

Flease move the robot to P[1]in the generated TP program and adjust its position, If you want to
set the P[1] as the reference position, press the [Set].
Following robot position has been set as reference position.
It is obtained by subtraction Wision Offset from the taught position.
UT:1 UF:1 NUT 000
wi 1488.118
¥ -239.625
21 55.940
W 0,000
F: 0.000
R: 0.000
[ TYPE ] | COMPLETE | FIND | SET | CANCEL |

Press F2 COMPLETE after confirming that the set reference PICK position is correct.

4.1.9 Creating TP Program

Create a TP program for the Bin picking system with 3D Area Sensor. The flow chart of the TP

program is as follows.
START
FAIL

END SEARCH <

v SUCCESS

POP

FAIL

SUCCESS

FAIL

Get PICK position

SUCCESS

FAIL PICK&PLACE

SUCCESS

Then, the following TP programs use the following the registers, position registers, vision registers and
tool frame and user frame.

Table of Registers
R[10] The status of the SEARCH Vision process
0: SUCCESS (Some new part data are added to a Parts List)
1: FAIL (No Part Data is added to a Parts List)

R[11] The status of POP

0: SUCCESS

1: FAIL (Any Part Data is not popped from a Parts List)
R[12] The Model ID of the popped Part Data
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R[14] The status of the process to get a PICK position

0: SUCCESS

12: Failed to get a PICK position

13: Failed to get a position to approach a part (approach position)

Table of Position Register

PR[20] Result of interference avoidance for part pick position (avoidance position)
PR[21] Result of interference avoidance for the part pick position (tool offset value)
PR[22] Result of interference avoidance for the approach position (avoidance position)

Table of Tool frame
| UTOOLJ1] | The TCP of the gripper |

Table of User frame
I UFRAME[1] | Application frame I

BIN_PICKING.TP
The following TP program is a sample program for the Bin Picking System with 3D Area Sensor. For
description of the macro programs such as BINPICK_CLEAR, refer to Chapter 9, "PARTS LIST
MANAGER REFERENCE".

: UFRAME_NUM=1 Specify the user frame set in
UTOOL_NUM=1 Subsection 4.1.2, “User Frame Setup”
: CALL BINPICK_CLEAR (1)

oUuRwWNE

: ! SEARCH | Acquire 3D map.
: LBL[L]
7:L P[1] 2000mm/sec FINE

8: CALL BINPICK_ACQUIRE3DMAP(‘'SENSOR’)

9: CALL BINPICK_SEARCH(1,1,10)+— E_xecute a SEARCH vision process to
find some parts.

10: IF R[10]<>0,JMP LBL[999]
11: \
12: | POP If any part can not be found, terminate

13: LBL[2] the process.

14: CALL BINPICK_POP(1,11,12)

15: IF R[11]<>0,JMP LBLJ[1] If any part data can not be popped

16: from the parts list, go to the process to
17: ! Get PICK position execute the SEARCH vision process.

18: CALL BINPICK_GETPICKPOS(1,1,14,20,21,22)
19: IF R[14]=0,JMP LBL[3]

20:

21: CALL BINPICK_SETSTAT(1,22)e— If the calculation of a position to pick
22: JMP LBL[2] B up a part fails, go to the process to pop
23: next part data.

24: 1 PICK

25: LBL[3]

26:L P[2] 2000mm/sec CNT100
27:L PR[22] 2000mm/sec CNT50
28:L PR[20] 500mm/sec FINE
29: ! Insert program instructions to grasp the part. «——————— | Execute the process to pick up a part.
30: CALL BINPICK_SETSTAT(1,20)
31:

32: | PLACE

33:L P[3] 2000mm/sec CNT100

| Execute a process to place a part.
34:L P[4] 2000mm/sec FINE /
35: ! Insert program instructions to place the part.

36: After placing a part, go to the process
37! Continuous. — to pop next part data.
38: JMP LBL[2]

39:

40: 1 END

41: LBL[999]

42:J P[5] 100% FINE
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4.1.10 Robot Compensation Operation Check

Check that a part gripped by the robot can be detected and positioned precisely at a desired location.

»  Place the part on the reference position, find it and check the handling accuracy. If the accuracy of
compensation is low, retry the reference position setting.

*  Move the part without rotation, find it and check the handling accuracy.

*  Rotate the part, find it and check the handling accuracy.

o  Start with lower override of the robot to check that the logic of the program is correct. Next,
increase the override to check that the robot can operate continuously.

4.2 BIN PICKING SYSTEM WITH 2D CAMERA

Described below is the procedure of setting up a bin picking system with 2D camera.

NSEARCH

Interference Avoidance: ROBOT Data — aBin-Pick Search Vis. Process

— a cylinder shaped Tool Object

TCP of the gripper
—UTOOL[1]

Reference UFRAME — UFRAME[1]

Interference Avoidance: SYSTEM Data
— a Container Object

/A CAUTION
The position of the container is fixed and the container is not moved.

The setup procedures are as follows.

4.2.1 Fixed Camera Installation and Connection

Checking the Camera Setting
Change the setting on the back of camera to match iRVision. For details, refer to Chapter 6 in the
"R-30iB/R-30iB Mate CONTROLLER Sensor Mechanical Unit/Control Unit OPERATOR’S
MANUAL".

Installing the Camera

Attach the lens to the camera then install the camera over the container of parts. Install the camera so
that the field of view of the camera includes the whole container.

Connecting the Camera

Connect the camera to the robot controller. For details, refer to the "R-30iB/R-30iB Mate
CONTROLLER Sensor Mechanical Unit/Control Unit OPERATOR’S MANUAL".
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4.2.2

User Frame Setup

Set the user frame which is the reference frame of an offset data calculation or interference avoidance

calculation.
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Set it on the upper opening of the container as shown below. For setup procedures of user
frame, refer to Chapter 5 "FRAME SETUP REFERENCE ".

Here, set the user frame to UFRAME[1] as described in Section 4.1, "BIN PICKING SYSTEM WITH 2D

CAMERA".

4.2.3

Camera Data Setup of Fixed Camera

Set the camera data of the fixed camera in the KOWA Digital Camera setup screen.

Creating a Camera Data and Setting the Parameters

Create a KOWA Digital Camera data, and set the following parameters.

R ERTO proa

FLLY

iR¥ision Setup Main - CAM1

B | @] | zoom:[sowv]

Select the channel to which one camera of [~ P{Channel:

Select the size of image so that the FOV > ,..,;,;[e:
of camera includes the whole container.

Gain:

the fixed camera is connected. Camera Type:
Def. Exposure Time:

obot Holding

Use Strobe:

— Robot-Mounted Carmn.:

Cam.:

FCarmera Parameters
Image Size:

’ Wertical Spacing:
Aspect Ratio:
Exposure Time Range:

- KOWA Digital Camera

1|
KOWA SC130E B/W

| 33,333 ms ¥|V|A|k
—

This Robot Group |1

1/2" SXGA (1280x1024) ¥
—

| 1.000

640480 pix

5.300 microns
1.00000

0.100 - 200.000 ms

-Version Info

Camera: 00.0F / 0.E
(CCU: 02.01/1.15
[ TYPE ] l LIVE SNAP END EDIT >
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424 Calibration of Fixed Camera

Calibrate the fixed camera with the Robot-generated grid calibration utility.

Mounting a Target
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. Mount the target at the robot end of arm tooling.

Make sure that the target does not get blocked by the robot arm or the tooling while the robot moves in
the camera's field of view.

Creating a Calibration Data and Setting the Parameters
Create a Robot-Generated Grid Calibration data, and set the following parameters.

iRVision Setup Main - CAL1
m Image TI=_:= Robot-Generated Grid Cal. Tool

B @] @] 7] zeom:[100%w E‘Tup‘

>l application F ; R
Select the user frame to be used for pplication Frames User Frame: (1 ¥
camera calibration. Camsra: rained
A fixed camera is calibrated relative to the p |CAML N
selected user frame. Exposure Time: | 33,333 ms ¥| v| “I £
Here, select the user fame[1]. Multi Exposures: 1, 33.33 - 33.33 ms

rain

Select the created camera data.

Image Logging Mode: Log Failed Images v

After moving the robot so that the target Plane spacing: [ 100.0° rnmm

is in the center of FOV, press the Initial position: [ Record |
[Record] button to set the current robot T *m.wj JZ: EEERRERE )3, dEEEEERE
position as the starting position to

T 35: g A

measure the target.

[ TYPE ] I LIVE | SNAP | | END EDIT | =

Teaching the GPM Locator Tool

With the target located at the starting position set in the [Initial Position], select the [GPM Locator Tool1]
on the tree view and teach the model pattern of the target.
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|B* GPM Locator Tool 1

L i T=E I ]
A il _, J _l J Input Image: Original Image v =4

[= &3 Robot-Generated Grid Cal. Toal

R [P GPM Locator Tool 1

Press the [Teach] button to teach the model
pattern of the target.

Ernphasis Area! Enable Edit
Model Origin Bias: Mone Set
Model 1ID: I 1 [

Score Threshold: I 700 %
Contrast Threshold: I sp ¥ VI Al A
Area Overlap: I 75.0 %

5

Elasticity: I 1.5 pix
EA Score Threshold I 70.0 %
s ™\ Allow Floating EA:
/ & Results PEn I -
I 1 z Ciad e | —
[ TYPE ] I LIVE | SHNAP | FIND l END EDIT | =

/\ CAUTION
After setting the calibration data, press F5 END EDIT to close the setup page.
If the calibration setup page is opened, the Robot-Generated Grid Calibration
fails to measure the target position.

Measuring the Target Position
Visit [Robot-Generated Grid Calibration] in the iRVision > Vision Utility Menu.

Select the calibration data in the following procedures.

Fun

iRVision Utilities
Robot-Generated Grid Calibration 1/3

1 Calibration Data
2 Target Position
3 Program Generation

s ws

Place the cursor on the [1 Calibration Data].

Press F4 [CHOICE] and select the created
calibration data.

[ TYPE ] | DISP IMG | DETAIL | [CHOICE]

Measure the target position in the following procedures.
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Generating a Calibration Program

Busy Step Hold .
. : 10%
& I/0 Prod | TCyc _— |
iRVision Utilities AN
Robot-Generated Grid Calibration 2/3
1 Calibration Data CAL1l
2 Target Position Recorded
3 Program Generation
Place the cursor on the [2 Target Position].
Press SHIFT+F5 RUN to start the target
measurement.
[ TYFE ] | DISP IMG I POSITION | | RUN l

Generate a calibration program for executing camera calibration in the following procedures.

. Step Hold
iRVision Utilities
Robot-Generated Grid Calibration

1l Calibration Data
2 Target Position

EEP rogram Generation
Place the cursor on

the [3 Program Generation].

10%

3/3

CAL1

Recorded

the program generation.

Press SHIFT + F5 RUN to start

[ TYPE ] | DISP IMG I | |

RUN |

Executing the Calibration Program

Select the generated calibration program in the SELECT menu, and play it back from first line to calibrate

camera.
Checking the Calibration Data

Check that the calibration result is correct.
"Camera Calibration Checking".

-39-

To check the calibration data, refer to Subsection6.1.6




4.BASIC SETUP PROCEDURES B-83304EN-5/04

4.2.5 Tool Frame Setup

TCP of the Gripper
Set the tool frame on the TCP of the end of robot gripper. This frame is useful for ensuring that the TCP
of the end of the gripper is moved to the part pick position when fixed frame offset or interference
avoidance is applied to the part pick position. The Z-axis of this frame should be set along the direction
in which the robot proceeds and retreats as it picks up a part.  For setup procedures of tool frame, refer to
Chapter 5 "FRAME SETUP REFERENCE ".

Here, set the tool frame to UTOOL [1] as described in Section 4.2, "BIN PICKING SYSTEM WITH 2D
CAMERA".

4.2.6 Setup of Interference Setup Data

Creating an Interference Setup (System) and Setting the Parameters
On the interference avoidance data setup screen, create an interference setup (system) for interference
avoidance, and set the user frame and the container object to form the basis for interference avoidance
position calculation in the following procedures.

7| Step .Hom
gI."D Prod TCve

iRVision Interference Avoidance Setup - SYS

User Frame Mumber:
Container ID: 1w

Select the user frame[1]. Container Pos. Origin: | | | Record
Container Pos, X: | | | Record
Container Pos. 7 | | | Record

Container Depth: mm
Container Margin(xY): 0.0 mm
Container Margin(Z): 0.0 mm
Cantainer Ciffeat: VR ’—U
Touch up with the pointer mounted on the robot at the positions
shown in the figure below and press [Record] button to set the
position and size of the container.

For the [Container Depth], measure the container depth shown
in the figure below. The container depth is a positive value.

Select the [1].

Container Pos. Y /Container Depth

/
| T/ /I SAVE END EDIT
1 1

Y " - Container Pos. X
ZA Container Pos. Origin 7
/ /
7/ /
1 41X /
1/ /
o o o _4

Creating an Interference Setup (Robot) and Setting the Parameters
On the interference avoidance data setup screen, create an interference setup (robot) for interference
avoidance, and set a tool object.
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In the tree view on the interference setup (robot) screen, press the L1 button. On the new tool object
creation screen, which appears, select [Cylinder] for [Shape] and [Hand] for [Name], and press F4 OK.

e O oo 1
iRVision Interference Avoidance Setup - ROBOT
J ] x| ]| 8] {55 ROBOT
Create new interference object data.
Mame: |
| | Qi CANCEL

Set the created tool object in the following procedures.

=} B¥roBoT

EIT—

Base Centerl: [ I I
Base Center: | | I

Set the positions and the size of the gripper shown in the figure
below.

Base Centerl

Radius | SAVE | END EDIT |

Base Center2

Creating an Interference Setup (Condition) and Setting the Parameters
On the interference avoidance data setup screen, create an interference setup (condition) for interference
avoidance and set it. Create interference setup (condition) used during part picking, and set the
following parameters:
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Type: =
Utool Nurmber: |
Check Mode: Check Objects until Interferdqee Check Fails v
Distance of Avoidance 0.0 mm
Distance of Avoidance(2): [ 0.0 mm Select the utool[1]. |
Search Pos. Inside None il
Container: )
Angle Between Z-axis Arl - Set the range for interference avoidance.
Pose: As a example, -30 to 30 degrees in the W direction is set as
Prior Position: . .
Pt - the range for the interference avoidance.
T T T =12 T
Enable Minimurm Maximunm

® — I 0.0 0.0 il
Y — | 0.0 0.0 mm
w v | -30.0 0.0] °
P — | 0.0 0.0 EEE
R (. | 0.0 0.0

¥ 15k e |_ | 1 mm v

[ TYPE ] | | | SAVE | END EDIT

4.2.7 Setup of Parts List Manager

Setting the type of the Parts List Manager
In the data list screen of the Parts List Manager, select the Parts List Manager [1] and press F3 EDIT.
If the type of the Parts List Manager [1] is not set, the following screen is displayed.

- [ seep [mowa [rame]
1ty

Prod

w R

B

PART LIST MANAGER

The parts list manager 1 is not set any type. Please set a type.

Type: SEARCH + FIME »

| | | Ok CANCEL

In the [Type], select the [SEARCH] and press F4 OK.
If the type of the Parts List Manager [1] is [SEARCH+FINE], change the type of the Parts List Manager

[1] to [SEARCH]. For details of the operation procedures about the Parts List Manager, refer to Section
9.1 "BASIC OPERATIONS OF PARTS LIST MANAGER".
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4.2.8

SEARCH Vision Process Setup

Creating a Vision Process and Setting the Parameters
Create a Bin-Pick Search Vis. Process, and set the following parameter.

iR¥ision Setup Main - SEARCH
@ Image | '[I=_:=
B || O] 7| zoom:|100%w 1’;:(1'

| Select the created calibration data.

;- Bin-Pick Search Vis. Process

Camera Calibration:
CaLl

Camega Setup:
CAN1
Osure Mode:

Exposure Time:

Multi Exposures:

Number to Find:
Image Logging Mode:

Delete Duplicates If <:

/ A Results \

Sorting Priority Enb.
Height:

[ TTPE ] I LIVE |

SNAP |

FIND

Trained |-
5
Trained
Fixed |
["333% ms ¥] v| 4]
Mat Trainad Train
Mask |
1™ ) 3 mis
Train
[ ], Mask
i 1
Log Failed Images v
i 20,0 pix 180.0 *#
Weight
vl 100.0 -- 100.0 % —
| END EDIT | >

Teaching the GPM Locator Tool

On the tree view of the Bin-Pick Search Vis. Process, select the [GPM Locator Tool 1] and teach it.

[Model Origin] to the position at which the robot picks the part.
Locator Tool, refer to Chapter 7 in the "R-30iB/R-30iB Mate CONTROLLER iRVision OPERATOR’S
MANUAL (Reference)".

Set
For setup procedures of the GPM

Prod

iR¥ision Setup Main - SEARCH

@ | II=-:':=Tree

&> GPM Locator Tool 1

_I J Input Image: COriginal Image | -
=] ®- Bin-Pick Search Vis, Process Teach
L, | GPM Locator Tool 1 GEdit
Set Crg
Cen Org
Loc. N Ang. N Sca. N
Press the [Teach] button to teach the model — [T[Training Mask: Enable T Edit
pattern of the part. Errpha nai Enable Edit
Model Origin Bias: Mane t
Madel ID: 1 B
Score Threshold: 700 %
Contrast Threshold: ]—50 4 B kS
area Overlap: 75.0 %
Elasticity: 1.5 pix
EA ! wresho ]— o
. . £ oo | s—r
[ TYPE ] LIVE I SNAP FIND | END EDIT | >
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Creating the Measurement Output Tool and Setting the Parameters

Create a Measurement Output Tool as a child tool of the GPM Locator Tool in the following procedures.
On the tree view of the 3D Area Sensor Vision Process, select the [GPM Locator Tool1].

1

2
3

4

On the [Measurement Output Tool] setup screen, set the following parameters.

Press the 1 button to create a new vision tool.

On the setup screen to create a new vision tool, select the [Measurement Output Tool] for the

[Type].
Press F4 OK.

For setup procedures of

the Measurement Output Tool, refer to Chapter 7 in the R-30iB/R-30iB Mate CONTROLLER iRVision
OPERATOR’S MANUAL (Reference)".

iRVision Setup Main - SEARCH

In the [Value 1], select the [GPM Locator
Tool 1] from the drop-down box on the
left and select the [Scale] from the drop-

/ A Results \

Walues:
Walued:
Walue?:
down box on the right. Walues:
Walued:
ﬁ'alueiﬂ;_Nnt Selected ¥

B4 Measurement Output Tool 1

(O | [EE=Tree
ab, I EEY x I - Measurements
= . . Waluel:
=t k) Bin-Pick Search Vis, Process
- WalueZ:
= ]E GPM Locator Toaol 1 Value3:
&Measurement Qutput Tool 1 Walued:

GPM Locator Tool 1 % Scale ¥

Mot Selected v

Mot Selected

Not Selected v

Mot Selected ¥

Not Selected v |

Not Selected v

Mot Selected ¥

Mot Selected v

Not Selected v

[ TYPE ] | LIVE | ;snnp

FIND

END EDIT |

Setting Z Height
The Bin-Pick Search vision process calculates the part Z height, using the scale of the detected parts. It

is therefore necessary to set the part Z height and apparent scale at two different heights.
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Hurn - Prod ‘

iRVision Setup Main - SEARCH

D)l ml o] o]

1~ Bin-Pick Search Vis, Process

:;:' m GPM Locator Tool 1

:- Bin-Pick Search Vis. Process

af

Place the part near the bottom of the container.

Measure the part Z height(Z1) in the application frame by

touching up the part with the pointer mounted on the robot
end of arm tooling and set the Z1 to the [Reference Height
1]. After that, find this part and set its scale by pressing the
[Set] button of the [Reference Scalel].

cale: 52%

Z1

MIMHBNiHiHOns

Place the part near the top of the container.

Measure the part Z height(Z2) in the application frame by
touching up the part with the pointer mounted on the robot
end of arm tooling and set the Z2 to the [Reference Height
2]. After that, find this part and set its scale by pressing the
[Set] button of the [Reference Scale2].

Scale: 100%

z2

AT

Setting the SEARCH VP List
Set the created SEARCH vision process to a SEARCH VP list in the Parts List Manager.
SEARCH VP List setup screen of the Parts List Manager of Part List[1], set the following parameters.
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Index: 1¥| of 1

Maodel 10: | 1

Reference Height 1: I 0.0 mm

Reference Scale 1: | % Set
(R eference Height 2: I 100.0 mm
> |Reference Scale 2: | o Set

Ref. Pos, Status: Mot Set Set

I
|

NAP FIND l END EDIT | >

On the
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4.2.9

Select the created SEARCH vision process.

Select the [Measur

ementl].

# Yision Process Narme Irng. Req Pricrity
1 SEARCH 0 Measurement1
2 Notset R
Vision Process Narme: SEARCH % i
Select the first row of the SEARCH VP
Img. Req: 0w list
Priority ! Messurement 1 % i

[ TYPE ]

| | [ PAGE ]

| SAVE

END EDIT

Reference PICK Position Setup

On the PICK Position List of the Parts List Manager of Part List[1], teach the reference position to pick

the part.

Setting Parameters
On the PICK Position List setup screen of the Part List Manager of Part List[1], set the following

parameters.

Model ID:

Caleulate TA:
IASYS!
[AROB:

IACRHD:

TACND:
Ofs:
Tofs:

-Interference Setup

=Approach Setup

Use Found Position:

Vision Process Name:

|
Enable \

list.

£ Comment Vision Process MName | Madel 1D Interference Setup | Approach Setup Reference PICK Position | &

1 SEARCH Mok Set {5Y5,ROBOT,CMND) (CND, 0, 10) Mot Set

2 Mok Set Mok Set | Mok Set Mok Sk
Comment: Select the first row of the PICK Position

SEARCH "_‘m\
1}

process.

Select the created SEARCH vision

Enable V‘v'

Check the checkbox of the [Calculate 1A]. |

CHD »

-Reference PICK Position

PICK Paosition X:

Select the created interference setup data. |

1
CHD v UT:I‘/I

PR | 0 Mot Used

PRI—IO\‘

,— mrm

——

[ TYPE ]

[ PAGE ]

Set the index number of position register
to hold the tool offset value to be applied

to a robot position to pick a part.

Here, the tool offset is set to the PR[10]
and their elements of the tool offset are
set to (0.0, 0.0, 100.0, 0.0, 0.0, 0.0).

| Iy
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Teaching the Reference PICK position and Setting the Reference Data of the

SEARCH VISON PROCESS

Teach the reference PICK position and Set the reference data of the SEARCH Vision Process by pressing
the [Start Set Reference Wizard] button.

The following screen is displayed by pressing the [Start Set Reference Wizard] button. Then, press F2
NEXT to start the Set Reference Wizard after confirming the setup procedures.

Busy Step Hold Egeififl Deadwan switch released

Fun  |[E=EE Prod TCye

SET REFERENCE WIZARD Setup Sequence

FIMD aor teaching reference position is done in the following order.

Execute SEARCH -= Setup SEARCH Reference Data -> Setup PICK Positionl

Sawve changes already made in Setup Pages and start setting references,

[ TrPE ] | MEXT | FIMD | SET | CANCEL |

Then, the following screen to execute a vision process is displayed. Press F3 FIND after moving the
robot outside of the container.

SET REFERENCE WIZ ARD PICK Position1 Setup - ¥ision Execution

Flease move the robot to detecting position for the following the vision process,
SEARCH

Detect a part by the following wision process,

[ TYFE ] | MEXT | FIND | SET | CANCEL |

Then, the message "The vision process has run. Please confirm FIND result in Vision Runtime Page" is
displayed as follows. Press F2 NEXT after confirming that the vision process finds part correctly.
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Busy Step

[#)
Fun (&= T#0

SET REFERENCE WIZ ARD PICK Position1 Setup - ¥ision Execution

Flease move the robot to detecting position for the following the vision process,

SEARCH

Detect a part by the following wision process,
The vision process has run. Please confirm FIND result in Wision Runtime Page.

[ TYFE ] | MEXT | FIND | SET | CANCEL |

Then, the following screen to set the reference data of the Vision Process is displayed. Press F2 Next
after pressing F4 SET to set the reference data of it.

Busy Step Hold EipeRlilik] Desdrman switch released o
-
ron 225501 rron 00| SET_POS LINE O T1 ABORTED 10%

SET REFERENCE WIZ ARD PICK Position1 Setup - Reference Data Setup

Do you want to update reference data of the vision process?
If wou update, you need to re-teach the following positions.

PICK Positionl

Fress [Mext] to start next step.

[ TYFE ] | MEXT | FIMD | SET | CANCEL

The following screen to set the reference PICK position is displayed.
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SET REFERENCE WIZ ARD PICK Positionl1 Setup - Reference Position Setup

Flease move the robot to P[1]in the generated TP program and adjust its position, If you want to
set the P[1] as the reference position, press the [Set].

[ TYFE ] | COMPLETE | FIMD | SET | CANCEL |

And then, the following TP program, which is "SET_POS.TP", is automatically generated. Move the
robot to the P[1] in the SET_POS.TP by executing the TP Program. The P[1] is automatically set to the
found position of the vision process. Confirm that the found position is on a point of a part by moving

the robot to the P[1].

SET POS.TP

1: UFRAME_NUM=1

2: UTOOL_NUM=1

3:.L P[1] 100mm/sec FINE

\j

\__ /XS

Press F4 SET to set the reference PICK position after confirming that the P[1] is an appropriate position
to pick a part. If the P[1] is set to inappropriate position to pick a part, adjust the P[1] by moving the
robot with the tool mode along or around the Z-axis. The set reference PICK position is displayed as

follows.
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Busy Step

[#)
Fun (&= T#0

SET REFERENCE WIZ ARD PICK Positionl1 Setup - Reference Position Setup

Flease move the robot to P[1]in the generated TP program and adjust its position, If you want to
set the P[1] as the reference position, press the [Set].
Following robot position has been set as reference position.
It is obtained by subtraction Wision Offset from the taught position.
UT:1 UF:1 NUT 000
wi 1488.118
¥ -239.625
21 55.940
W 0,000
F: 0.000
R: 0.000
[ TYPE ] | COMPLETE | FIND | SET | CANCEL |

Press F2 COMPLETE after confirming that the set reference PICK position is correct.

4.2.10 Creating TP Program

Create a TP program for the Bin picking system with 2D camera. The flow chart of the TP program is

as follows.
START
FAIL

END SEARCH <

v SUCCESS

POP

FAIL

SUCCESS

FAIL

Get PICK position

SUCCESS

FAIL PICK&PLACE

SUCCESS

Then, the following TP programs use the following the registers, position registers, vision registers and
tool frame and user frame.

Table of Registers
R[10] The status of the SEARCH Vision process
0: SUCCESS (Some new part data are added to a Parts List)
1: FAIL (No Part Data is added to a Parts List)

R[11] The status of POP

0: SUCCESS

1: FAIL (Any Part Data is not popped from a Parts List)
R[12] The Model ID of the popped Part Data
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R[14] The status of the process to get a PICK position
0: SUCCESS
12: Failed to get a PICK position
13: Failed to get a position to approach a part (approach position)
Table of Position Register
PR[20] Result of interference avoidance for the part pick position (avoidance position)
PR[21] Result of interference avoidance for the part pick position (tool offset value)
PR[22] Result of interference avoidance for the approach position (avoidance position)
Table of Tool frame
| UTOOLJ1] | The TCP of the gripper |
Table of User frame
I UFRAME[1] | Application frame I

BIN_PICKING.TP

The following TP program is a sample program for the Bin Picking System with 2D Camera.

For

description of the macro programs such as BINPICK_CLEAR, refer to Chapter 9, "PARTS LIST
MANAGER REFERENCE".

OUuRAwWNR

7:
8:
9:

10:
11:
12:
13:
14:
15:
16:
17:
18:
19:
20:
21:
22:
23:
24:

: UFRAME_NUM=1

: CALL BINPICK_CLEAR (1)

UTOOL_NUM=1

Specify the user frame set in
Subsection 4.2.2, “User Frame Setup”

: 1 SEARCH
: LBL[1]

P[1] 2000mm/sec FINE
CALL BINPICK_SEARCH(1,1,10) «—

Execute a SEARCH vision process to
find some parts.

IF RI101<>0,JMP LBL[999] —
| POP

LBL[2]

If any part can not be found, terminate
the process.

CALL BINPICK_POP(1,11,12)

IF R[11]<>0,JMP LBL[1] «—_

! Get PICK position
CALL BINPICK_GETPICKPOS(1,1,14,20,21,22)

IF R[14]=0,JMP LBL[3]

If any part data can not be popped
from the parts list, go to the process to
execute the SEARCH vision process.

CALL BINPICK_SETSTAT(1,22)
JMP LBL[2]

! PICK

If the calculation of a position to pick
up a part fails, go to the process to pop
next part data.

LBL[3]

25:L P[2] 2000mm/sec CNT100
26:L PR[22] 2000mm/sec CNT50

27:L PR[20] 500mm/sec FINE
28:
29:
30:
31:
32:L P[3] 2000mm/sec CNT100

! Insert program instructions to grasp the part. +————

Execute the process to pick up a part.

CALL BINPICK_SETSTAT(1,20)

! PLACE

33:L P[4] 2000mm/sec FINE

34.
35:
36:
: JMP LBL[2] «—

Execute a process to place a part.

! Insert program instructions to place the part. / |

! Continuous

. 1END
40:

LBL[999]

41:J P[5] 100% FINE
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4.2.11 Robot Compensation Operation Check

Check that a part gripped by the robot can be detected and positioned precisely at a desired location.

»  Place the part on the reference position, find it and check the handling accuracy. If the accuracy of
compensation is low, retry the reference position setting.

*  Move the part without rotation, find it and check the handling accuracy.

*  Rotate the part, find it and check the handling accuracy.

o  Start with lower override of the robot to check that the logic of the program is correct. Next,
increase the override to check that the robot can operate continuously.

4.3 BIN PICKING SYSTEM WITH 3D LASER VISION SENSOR

Described below is the procedure of setting up a bin picking system with 3D Laser Vision Sensor.

SEARCH
— a Bin-Pick Search Vis. Process

FINE S
—a 3DL Single-View Vision Process SR
Sy
Interference Avoidance: ROBOT Data //\"" "“A\\\\. A
— a cylinder shaped Tool Object \'\‘\, .
\‘.\‘\;‘!\'\
TCP of the gripper 'J i \ :
—UTOOL[1] {
N
Laser frame /1

—UTOOL[2] R

Interference Avoidance: SYSTEM Data
— a Container Object

/A\ CAUTION
The position of the container is fixed and the container is not moved.

The setup procedures are as follows.

4.3.1 Fixed Camera Installation and Connection

Checking the Camera Setting
Change the settings on the back of the camera to match iRVision. For details, refer to Chapter 6 in the
"R-30/{B/R-30iB Mate CONTROLLER Sensor Mechanical Unit/Control Unit OPERATOR’S
MANUAL".

Installing the Camera
Attach the lens to the camera then install the camera over the container of parts. Install the camera so
that the field of view of the camera includes the whole container.

Connecting the Camera
Connect the camera to the robot controller. For details, refer to Section 2.6 of the "R-30iB/R-30iB Mate
CONTROLLER Sensor Mechanical Unit/Control Unit OPERATOR’S MANUAL".
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4.3.2 3D Laser Vision Sensor Installation and Connection

Installing the 3D Laser Vision Sensor
Install the 3D Laser Vision Sensor on the end of arm tooling.

Connecting the 3D Laser Vision Sensor
Connect the 3D Laser Vision Sensor to the robot controller. For details, refer to Section 2.6 the
"R-30iB/R-30iB Mate CONTROLLER Sensor Mechanical Unit/Control Unit OPERATOR’S
MANUAL".

4.3.3 User Frame Setup

Set the user frame which is the reference frame of an offset data calculation or interference avoidance
calculation. Set it on the upper opening of the container as shown below. For setup procedures of user
frame, refer to Chapter 5 "FRAME SETUP REFERENCE ".

PR

/=
%

1

AT
AN

{
A

>

Here, set the user frame to UFRAME[1] as described in Section 4.3, "BIN PICKING SYSTEM WITH 3D
LASER VISION SENSOR".

4.3.4 Camera Data Setup of Fixed Camera

Set the camera data of the fixed camera in the KOWA Digital Camera setup screen.

Creating a Camera Data and Setting the Parameters
Create a KOWA Digital Camera data, and set the following parameters.
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CAM1

Zoom: [50% v | ] . KOWA Digital Camera
Select the channel to which one camera of Channel: 1
the fixed camera is connected. Camera Type: KOWA SC130E B/W
Def. Exposure Time: | 33,333 ms 8' VI ~ RI
— Robot-Mounted Cam.: [
ot Holding Cam.: This Robot Group |1
Select the size of image so that the FOV > [Mode: 1/2" SXGA (i280x1024) 3
of camera includes the whole container. Use Strobe: —
Gain: 1,000

-Camera Parameters
Image Size: 6402480 pix
Vertical Spacing! 5,300 microns
Aspect Ratio: 1.00000

Exposure Time Range: 0.100 - 200,000 ms

=version Info

Carnera: 00,0F / 0.E
CCU: 02.01/1.15
[ TYPE ] | LIVE | SHAP | END EDIT =

4.35 Calibration of Fixed Camera

Calibrate the fixed camera with the Robot-generated grid calibration created.

Mounting a Target
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. Mount the target at the robot end of arm tooling.
Make sure that the target does not get blocked by the robot arm or the tooling while the robot moves in
the camera's field of view.

Creating a Calibration Data and Setting the Parameters
Create a Robot-Generated Grid Calibration data, and set the following parameters.

Bu
34k

iyl

iRVision Setup Main - CAL1

@Image t=_:= L
QEEJ Zoom: [100% v H

B% Robot-Generated Grid Cal. Tool

Setup

Select the user frame to be used for Papplication Frame:  User Frame: |1 %)

camera calibration. Camera: Trained

A fixed camera is calibrated relative to the p | CAML b

selected user frame. Exposure Time: 3333 ms Y v]~[4]

Here, select the user fame[1]. Multi Exposures: 18,3337 - 338 ms
Multi Exposure Area 0,0 00 Train

Select the created camera data. Multi Exposure Mode: |Deviation v | Mask
Irmage Logging Mode: | Log Failed Images w

After moving the robot so that the target Plane spacing: 100.0 rnm

is in the center of FOV, press the Initial position; [ Record |

[Record] button to set the current robot R s | Yz ek 15 ek

position as the starting position to e 15! TG A

measure the target.

[ TYPE ] LIVE | SNAP | END EDIT >
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Teaching the GPM Locator Tool
With the target located at the starting position set in the [Initial Position], select the [GPM Locator Tool1]
on the tree view and teach the model pattern of the target.

E—

iR¥ision Setup Main - CAL1

(O] =Tree
=1 3 Robot-Generated Grid Cal. Tool
[ GPM Locator Tool 1
Press the [Teach] button to teach the model
pattern of the target.
Ermphasis Area: Enable [ Edit
Model Origin Bias: Mone Set
Model 1D: | 1 ]
Score Threshold: 0.0 %
Contrast Threshold: | sp ¥ VI Al il
Area Overlap: 75.0 %
Elasticity: | 1.5 pix
EA Score Threshold: I 7000 %
Fi ™\ Allow Floating EA:
/ A Results \ a — -
L z Cial e | —
[ TYPE ] I LIVE | SHAP | FIMD l END EDIT | =

/A CAUTION
After setting the calibration data, press F5 END EDIT to close the setup page.
If the calibration setup page is opened, the Robot-Generated Grid Calibration

fails to measure the target position.

Measuring the Target Position
Visit the [Robot-Generated Grid Calibration] in the iRVision > Vision Utility Menu.

Select the calibration data in the following procedures.
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usy Step Hold

I1/0 Prod TCyc

Robot-Generated Grid Ca 1 1
1 Calibration Data

2 Target Position

3 Program Generation

Place the cursor on the [1 Calibration Data].

10%

iRVision Utilities VAN

calibration data.

Press F4 [CHOICE] and select the created

[ T¥FE ] | DISPF IMG I DETAIL | [CHOICE]

Measure the target position in the following procedures.

4 Scep Hold

& I/0 Prod ITCyc —

iRVision Utilities
Robot-Generated Grid Calibration

1 Calibration Data :
2 Target Position :
3 Program Generation

Place the cursor on the [2 Target Position].

10%

2/3

CAL1

measurement.

Press SHIFT+F5 RUN to start the target

[ TYPE ] | DISP IMG I POSITION | |

Generating a Calibration Program

Generate a calibration program for executing camera calibration in the following procedures.
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Executing the Calibration Program

Select the generated calibration program in the SELECT menu, and play it back from first line to calibrate

camera.

Checking the Calibration Data
Check that the calibration result is correct.
"Camera Calibration Data Checking".

4.3.6

. Em 105
&Im| Prod TCye
iRVision Utilities
Robot-Generated Grid Calibration 3/3
1 Calibration Data CAL1
2 Target Position Recorded
;
Place the cursor on
the [3 Program Generation].
Press SHIFT + F5 RUN to start
the program generation.
[ TYPE ] | DISP IMG | | | RUN |

To check the calibration data, refer to Subsection 6.1.6

Camera Data Setup of 3D Laser Vision Sensor

Set the camera data of the 3D Laser Vision Sensor in KOWA Digital Camera setup screen.

Creating a Camera Data and Setting the Parameters
Create a KOWA Digital Camera data, and set the following parameters.

S .- B

iRVision Setup Main - HANDCAM

m E @ _*] Zoom: 50% ¥ H

- KOWA Digital Camera

Channel: 1w
Select the channel to which one 3D Laser j Camera Type: KOWA SC130E B/W
. Sensor is connected. Def, Exposure Time: ,m ms ¥| Vl A| ﬁl
¥ obot-Mounted Cam.: K7
| | Check the checkbox of the [Robot- fzobot Holding Cam.: [This Robot ™| group [1 ¥
i Mounted Cam.]. Mode: 1/2" VGA (540x480) v
ir s a s s s e @@ M —
Select the [1/2” VGA(640x480)]. I’Gc‘"“ [ Tom
: : : : : ; 99+ * 0 -Camera Parameters
s s 8 8 8 8 8 8080 Image Size: 640480 pix
e s s 8 s 8 s 0 008 Wertical Spacing: 10,600 pricrons
s s 8 8 8 8 0 880 o0 Ratio: 1.00000
. > & ¢

Exposure Time Range: 0.100 - 200,000 ms

-Version Info

Carnera: 00.0F / 0.E
CCu: 02.01/1.15
[ TYPE ] LIVE I SNAP | END EDIT >

- 57 -



4.BASIC SETUP PROCEDURES B-83304EN-5/04

4.3.7 Calibration of 3D Vision Laser Sensor

Create the calibration data for the 3DL Calibration Tool and calibrate the 3D Laser Vision Sensor. For
the calibration of the 3D Laser Vision Sensor, install the calibration grid in a fixed manner and move up
and down the 3D Laser Vision Sensor mounted on the robot, thereby achieving two-plane calibration.

Acquiring the Calibration Grid Installation Information
Install the calibration grid in the operating range of the robot, and teach the grids location by teaching a
user frame to the grid. To teach the calibration grid frame, use Automatic Grid Frame Set Automatic
Grid Frame Set will automatically teach a user specified user frame to the calibration grid. For details of
Grid Frame Set, refer to Section 5.2 " FRAME SETTING WITH THE AUTOMATIC GRID FRAME
SET FUNCTION"Chapter 10 in the "R-30iB/R-30iB Mate CONTROLLER iRVision OPERATOR’S
MANUAL (Reference)"”.

Calibration Data Creation and Parameter Setting
On the iRVision’s main setup screen, create the calibration data for the 3DL Calibration Tool, and set the
parameters necessary prior to the execution of calibration.

Busy Step | Hold
| 10%

o Prod (=]

| iR¥ision Setup Main - CALIB

| @) 8] 7| zoom: [sowv| x| % 30L calibration Tool
Setup |
Select the user framefL]. K Robot to be offset: This Robot ¥ | Group |1 M| &
—— Application Frame: User Frame: |1 %
Select the camera data of 3D Laser Sensor. \Camera: Trained
o | o s 8 8 8 0 @ § W P HANDCAM w
Set the grid spacing of the grid pattern : Exposure Time: [ 5333 ms ¥ v[+]a
fixture. \Laser Exposure Time: | 1.000 ms ¥ Vl A| n
I 1 - s & 8 ® Grid Spacing: 15,0 mm
Select the [No]. 1'\ Number of Planes: |2 ¥
3 " 8 & § § v T * Robot-Held Cal. Grid: |No »
- s s 8 s 8 e e o sl Robot Holding Grid: This R
‘ . 8 g0 008 0 : Cal. Grid Frame: uF 12 ¥
fr .. ’ ’ Projection: Perspective
b Override Focal Dist.:  No
=93 1 |Min. Laser Contrast I_SD —
Min. Murn Laser Points I_SD
Max, Line Fit Error | 1.5 pix =
LASER ON | SAVE =
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iRVision Setup Mai

| | 8] _~|

Zoom: [50% v :):q

88 3pL calibration Tool

Setup ]
HANDCAM ]| &
Exposure Time: 33.333 ms ¥ v|alR
o Laser Exposure Time: 1.000 ms ¥|v|Aa|R
e 0O 8 @ &8 @ . .
8 : s e s s 8 B8 Grid Spacing: 15.0 mm
o e
Nurnber of Planes:
Selgct the nun_]t_)er of the user frame in Robot-Held Cal, Grid: |No w
| which the position of the grid pattern Robot Holding Grid This F 1
fixture acquired with Grid Frame Set is set. L al. Grid Frame: o |2
see e s Projection: Perspective
s e e 0 8 8 8 8 00 . )
* Cverride Focal Dist.: Mo
s 8 8 8 8 B 8 8 00
- & ® ] Min, Laser Contrast 50
Press the [Set] button to set the position of Min. Num Laser Points | 0
the grid pattern fixture. RMM- Line Fit Error L5 pix
MFixture Position Status: Mot Set Set
1st Plane Mot Found Find
2nd Plane Mot Found Find |+
LASER ON | | | | SAVE =

Detecting the Calibration Grid
Perform grid pattern detection in the following procedures.

Bur - 1

4.3.8

iRVision Setup Main - CALIB

| &) 8| 7] zoom:[somv D

With the distance between the grid pattern
fixture and the 3D Laser Vision Sensor
being about 450 mm (about 650 mm if the
standoff of the 3D Laser Vision Sensor is
set to 600 mm), perform grid pattern
detection on the first plane. To perform
grid pattern detection on the first plane,
press the [Find] button.

With the distance between the grid pattern
fixture and the 3D Laser Vision Sensor
being about 350 mm (about 550 mm if the
standoff of the 3D Laser Vision Sensor is
set to 600 mm), perform grid pattern
detection on the first plane. To perform
grid pattern detection on the first plane,

.-.lt..lt'

5 3DL calibration Tool

press the [Find] button.

setup |
HANDCAM =

Exposure Time: Im ms Y| v|a| R
Laser Exposure Time: Im ms Y| w|alR
Grid Spacing: m mrm

Number of Planes: > ||

Robot-Held Cal, Grid: |No v

Robot Holding Grid This 1-.'.:-'.-=.

Cal. Grid Frarne: UF [z v

Projection: Perspective

Override Focal Dist.: Mo

Min. Laser Contrast I_SU

Min, Mum Laser Points I_SO

Max. Line Fit Error I 1.5 pix
|Fixture Position Status: Mot Set Set

15t Plane Mot Found Find

2nd Plane Mot Found Find |+

| SAVE >

Tool Frame Setup

TCP of the Gripper

Set the tool frame on the TCP of the end of robot gripper.

This frame is useful for ensuring that the TCP

of the end of the gripper is moved to the part pick position when fixed frame offset or interference

avoidance is applied to the part pick position.
in which the robot proceeds and retreats as it picks up a part.

Chapter 5 "FRAME SETUP REFERENCE ".

For
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Here, set the user frame to UTOOL [1] as described in Section 4.3, "BIN PICKING SYSTEM WITH 3D
LASER VISION SENSOR".

Laser Frame

When the 3D Laser Vision Sensor is mounted on the robot end of arm tooling, the laser frame represents
the laser emitting direction. It is defined so that the origin is on the line of intersection of two slit laser
beams and about 400 mm apart from the center of the window plate of the light receiving unit (or about
600 mm; depending on the standoff of the 3D laser sensor) and that the Z axis is parallel to the line of
intersection of two slit laser beams. The positive direction of the Z-axis is from the part side to the
window plate of the laser project unit. The laser frame is useful for ensuring that the line of intersection
of slit laser beams is moved above the part when fixed frame offset or interference avoidance is applied to
the measurement position for the FINE. The laser frame is displayed in [Laser frame relative to the robot]
when the data tab is selected on the calibration setup screen of the 3D Laser Vision Sensor. Set the
displayed value as a tool frame.

Here, set the user frame to UTOOL [2] as described in Section 4.3, "BIN PICKING SYSTEM WITH 3D
LASER VISION SENSOR".

4.3.9 Setup of Interference Setup Data

Creating an Interference Setup (System) and Setting the Parameters
On the interference avoidance data setup, create an interference setup (system) for interference avoidance,
and set the user frame and the container object to form the basis for interference avoidance position
calculation in the following procedures.

Step | Hold

ion Interference Avoidance Setup - SYS

JJJJJ

User Frame Number: 1%

/ Container 1D: 1
Select the user frame[1]. Container Pos. Origin: | | | Record
Container Pos. X: I I I Record
Container Pos. ¥ | | | Record

Container Depth: I mm
Container Margin{x): I 0,0 rmm

Container Margin{Z): 0,0 rmm

Cantainer Offoat: JR I ]

Touch up with the pointer mounted on the robot at the positions
shown in the figure below and press [Record] button to set the
position and size of the container.

For the [Container Depth], measure the container depth shown
in the figure below. The container depth is a positive value.

Select the [1].

Container Pos. Y Container Depth

VA
%T/ /I SAVE END EDIT
Y 4, .

Container Pos. X

ZA Container Pos. Origin 7
/ /
y /

% /
1/ /
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Creating an Interference Setup (Robot) and Setting up the Parameters
On the interference avoidance data setup screen, create an interference setup (robot) for interference
avoidance, and set a tool object.

In the tree view on the interference setup (robot) screen, press the |1 button. On the new tool object
creation screen, which appears, select [Cylinder] for [Shape] and [Hand] for [Name], and press F4 OK.

T1
{4 ROBOT
Create new interference object data.
Shape:
Mame: I
| | (014 CAMCEL

Set the created tool object in the following procedures.

=F L Cylinder
mm

Base Centerl: [ | [

Base Center2: [ | [
Set the positions and the size of the gripper shown in the figure
below.

Base Center 1
Base Center 2
Radius SAVE END EDIT
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Creating an Interference Setup (Condition) and Setting the Parameters
On the interference avoidance data setup screen, create an interference setup (condition) for interference
avoidance and set it. Create two sets of interference setup (condition): interference setup (condition)
used during fine measurement and interference setup (condition) used during part picking.

Create the interference setup (condition) used during fine measurement, and set the following parameters.

For [Type], select [Interference avoidance].

iRVision Interference Avoidance Setup - FINE

& FINE

Type: [interference Avoidance v =
Utoal Number: [z X ‘+ Select the [Interference Avoidance]. | ml
Check Mode: Check Objects until Interferagce Check Fails v

Distance of Avoidance: | L0

Distance of Avoidance :Zl:!—IIJ mm Select the UtOOI[Z]' |
Search Pos. Inside [ |
Container:
:‘:ngle Between Z-axis Arl  Set the range for interference avoidance.
ose;

As a example, -180 to 180 degrees in the R direction is set
as the range for the interference avoidance.

Prior Position:
Bacit nr Lnerr

Enable Minirmumm Maxirnum

¥ — | 0.0 | 0.0 mm

'd — I 0.0 I 0.0 mirn

W — | 0.0 | 0.0 °

_ — T — T — = e
P I | 0.0 I 0.0 =

R w4 | -180.0 | 1800 °

X Interva Enable ™| ! 10.00 m =

[ TYPE ] | | SAVE | END EDIT |

Create the interference setup (condition) used during part picking, and set the following parameters:

iRVision Interference Avoidance Setup - PICK

\ Select the [Interference Avoidance].

Type: nterference Avoidance v =
Utool Number: 1w
Check Mode: Check Objects until Interfd\ence Check Fails ¥ |
Distance of Avoidance: | 0.0 mrn
Distance of Avoidance(2):[ 0.0 mn Select the utool[1].
Search Pos. Inside
Container: |Mone 8|
Angle Between Z-axis An| . i
Pose: Set the range for interference avoidance.
Prior Position: As a example, -180 to 180 degrees in the R direction is set
Positignbttn Robo as the range for the interference avoidance.
roe
Enable Minirnumm Maxirnum
Wi — I 0.0 I 0.0 'iala1]
Y — I 0.0 | 0.0 mm
W — I 0.0 | 0.0 °
o — oo oo . =
R: V4 [ 1800 [ 1800 @
# Interval Enable — | 10,0 mm =
[ TYPE ] | I | SAVE | END EDIT
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4.3.10 Setup of Parts List Manager

Setting the type of the Parts List Manager
In the data list screen of the Parts List Manager, select the Parts List Manager [1] and press F3 EDIT.
If the type of the Parts List Manager [1] is not set, the following screen is displayed.

Busy Step Hold Fault

Fun % I/0 Prod TCvC
PART LIST MANAGER

The parts list manager 1 is not set any type. Please set a type.
Type: SEARCH + FIME %

| | | OK CANCEL

In the [Type], select the [SEARCH+FINE] and press F4 OK.
If the type of the Parts List Manager [1] is [SEARCH], change the type of the Parts List Manager [1] to

[SEARCH+FINE]. For details of the operation procedures about the Parts List Manager, refer to
Section 7.1 "BASIC OPERATIONS OF PARTS LIST MANAGER".

4.3.11 SEARCH Vision Process Setup

Creating a Vision Process and Setting Parameters
Create a Bin-Pick Search Vis. Process, and set the following parameter.
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Bun - Prod

iRVision Setup Main - SEARCH

[ m Image l E_:=

;- Bin-Pick Search Vis. Process

| @] @] 7| zoom:|100%w| Dx||Camera Calibration: Trained A
CALL w
Camega Setup: Trained
Dsure Mode: Fixed v
Exposure Time: ,ﬁ ms | ¥|v| AR
| Select the created calibration data. Auto Exposure Area:  Not Trained Train
Auto Exposure Adjust: | O Mask L]
Multi Exposures: 1—\" s
Multi Exposure Area 0,0) 1 Train
ilti Exposure Mode: |Deviation Ma
Multiple Locator Mode: |Find Best
Wumber to Find: ,—I
Image Logging Mode: |Log Failed Images v|
Delete Duplicates If <: 20.0 pix 180.0 *
Sorting Priority  Enb.  Weight
/A Results | [feiont: [ oo 00 % o
\
[ TYPE ] I LIVE | SNAP | FIND | END EDIT | >

Teaching the GPM Locator Tool

On the tree view of the Bin-Pick Search Vis. Process, select the [GPM Locator Tool 1] and teach it.

Set

[Model Origin] to the position where you want the laser beam intersection to come in FINE. For setup
procedures of the GPM Locator Tool, refer to Chapter 7 in the "R-30iB/R-30iB Mate CONTROLLER
iRVision OPERATOR’S MANUAL (Reference)".

0

Bun

iRVision Setup Main - SEARCH

(07 | =Tree 2 GPM Locator Tool 1
A’ M i‘ ﬂ _I _, Input Image: Original Image v | =
:, %- Bin-Pick Search Wis. Process Teach
% (B GPM Locator Taol 1 GEdit
et Or
Cen Org
Loc. ¥ Ang. M Sca. M
Press the [Teach] button to teach the model rain Enable T Edit
pattern of the part. s Enable I Edit
Mone Set
Model 1D: 1 B
Score Threshold: m k)
Contrast Threshold: | so $| Vl ~ ﬁl
Ares Overlap: | 75.0 %
Elasticity: ﬁ pix
A Thres [ 700 %
2 Results ! ng EA: — -
L L I Dial " | —
[ TYPE ] | LIVE l SHAP | FIND | END EDIT | =

Creating the Measurement Output Tool and Setting the Parameters
Create a Measurement Output Tool as a child tool of the GPM Locator Tool in the following procedures.
1  Onthe tree view of the 3D Area Sensor Vision Process, select the [GPM Locator Tool1].

2
3

[Type].

Press the LI button to create a new vision tool.
On the setup screen to create a new vision tool, select the [Measurement Output Tool] for the
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4 Press F4 OK.

On the [Measurement Output Tool] setup screen, set the following parameters. For setup procedures of
the Measurement Output Tool, refer to Chapter 7 in the R-30iB/R-30iB Mate CONTROLLER iRVision

OPERATOR’S MANUAL (Reference)".

Burn = Prod

iRVision Setup Main - SEARCH

| -:=Tree E Measurement Output Tool 1

O]
_J E il ﬂ _I J rMeasurements

El %- Bin-Pick Search Vis. Process Valuel: |GPM Locator Tool 1 v Scale v

Value2: Mot Selected v Mot Selected
Value3: Mot Selected v !
& Measurement Output Tool 1 Valued: Mot Selected v

In the [Value 1], select the [GPM Locator Ualuesf Not Selected v,
Tool 1] from the drop-down box on the Values: |Not Selected v
left and select the [Scale] from the drop- Value7: Mot Selected v

down box on the right. Values: |Not Selected v
Valued: Not Selected v

ValuelD: ot Selected v Mot Selected

[;}' E GPM Locator Tool 1

-

S
/ A Results

[rvee] | uve | swee | Fvo | ewoeorr |

Setting Z Height

The Bin-Pick Search vision process calculates the part Z height, using the scale of the detected parts.

is therefore necessary to set the part Z height and apparent scale at two different heights.
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_:I' ;- Bin-Pick Search Vis. Process Index: 1% of 1
_: E GPM Locator Tool 1 Model 1D: !
Place the part near the bottom of the container. -l: Reference Height 1: 0.3 mm
Measure the part Z height(Z1) in the application frame by Reference Scale 1: n st |
touching up the part with the pointer mounted on the robot | [ |Reference Height 2: 100.0 rm
end of arm tooling and set the Z1 to the [Reference Height | B> |reference Scale 2: : Set |
1]. After that, find this part and set its scale by pressing the
[Set] button of the [Reference Scalel]. Ref. Pos. Status: Not Set _set |
Reference X uly]
cale: 52% e
© —
e .
n -
NAP FIND | END EDIT | >
Z1
’
[ I
AMTTHH N
Place the part near the top of the container. -

Measure the part Z height(Z2) in the application frame by
touching up the part with the pointer mounted on the robot
end of arm tooling and set the Z2 to the [Reference Height
2]. After that, find this part and set its scale by pressing the
[Set] button of the [Reference Scale2].

Scale: 100%

AN
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Setting the SEARCH VP List

Set the created SEARCH vision process to a SEARCH VP list in the Parts List Manager.

On the

SEARCH VP List setup screen of the Parts List Manager of Part List[1], set the following parameters.

suep [ ota
i . 10%
S| Prod TCve -
D DA
* Wision Process Mame | Img. Reg | Pricrity
1 SEARCH o Measurementl
2 NotSet R
Wision Process Mame: SEARCH v Trai .
rained Select the first row of the SEARCH VP
Img. Req: 0w list
Priority: Measurement 1w :

Select the created SEARCH vision process.

Select the [Measurementl].

[ TYPE ]

[ PAGE ]

| SAVE END ECIT

4.3.12 Reference FINE Position Setup

On the FINE Position List of the Parts List Manager of Part List[1], teach the reference position to

execute the FINE Vision Process.

Process is referred to as "reference FINE position™.

Setting Parameters

Open the Parts List Manager setup screen of the Parts List [1], and display the FINE Position List.

7 Step |Hold
E Prod

10%

-Reference FINE Position

FIME Position X:
FIMNE Position Y
FIME Position Z:
FINE Position W
FIMNE Position P!
FIME Position R:

_#|  Comment | Vision Process Name | Model ID | Interference Setup | Reference FINE Pasition | & |
1 SEARCH Mot Set (5¥5,ROBOT,FINE) Not Set
2 Mok Set Mot Set R hint Seb hlot Set

Comment: | \ Select the first row of the FINE Position

Vision Process Name: SEARCH % bFral list.

Model 1D: [ 0 mm\

- Interference Setup Select the created SEARCH vision

Calculate 1a: Enable N7 process.

1ASYS: SYS v

TAROE: ROBOT g Check the checkbox of the [Calculate 1A].

IACND: FINEY| T:

1

Select the created interference setup data.

[ TYPE ]

|11}

[ PAGE ]

| SAVE END EDIT
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Teaching the Reference FINE position and Setting the Reference Data of the

SEARCH Vision Process
Teach the reference FINE position and Set the reference data of the SEARCH Vision Process by pressing
the [Start Set Reference Wizard] button.

The following screen is displayed by pressing the [Start Set Reference Wizard] button. Then, press F2
NEXT to start the Set Reference Wizard after confirming the setup procedures.

Busy Step Hold Egegifikl Deadwan switch released

Fun &= 10 Prod TCye

SET REFERENCE WIZARD Setup Sequence

FIND ar teaching reference position is done in the fallowing order.

Execute SEARCH -» Setup SEARCH Reference Data -» Setup FINE Positionl

Sawve changes already made in Setup Pages and start setting references.

[ TrPE ] | MEXT | FIMD | SET | CAMNCEL |

Then, the following screen to execute a vision process is displayed. Press F3 FIND after moving the
robot outside of the container.

SET REFERENCE WIZARD FIME Position1 Setup - ¥ision Execution

Please rove the robot to detecting position for the follawing the vision process.
SEARCH

Detect a part by the following vision process,

[ TrPE ] | MEXT | FIMD | SET | CAMNCEL |

Then, the message "The vision process has run. Please confirm FIND result in Vision Runtime Page" is
displayed as follows. Press F2 NEXT after confirming that the vision process finds part correctly.
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SET REFERENCE WIZ ARD FIME Position1 Setup - ¥ision Execution

Flease move the robot to detecting position for the following the vision process,
SEARCH

Detect a part by the following wision process,
The vision process has run. Please confirm FIND result in Wision Runtime Page.

[ TYFE ] | MEXT | FIND | SET | CANCEL |

Then, the following screen to set the reference data of the Vision Process is displayed. Press F2 Next
after pressing F4 SET to set the reference data of it.

Busy Step Hold EipeRlilik] Desdrman switch released o
-
ron 225501 rron 00| SET_POS LINE O T1 ABORTED 10%

SET REFERENCE WIZ ARD PICK Position1 Setup - Reference Data Setup

Do you want to update reference data of the vision process?
If wou update, you need to re-teach the following positions.

PICK Positionl

Fress [Mext] to start next step.

[ TYFE ] | MEXT | FIMD | SET | CANCEL

The following screen to set the reference PICK position is displayed.
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|’ SET POS LINE 0 T1 AEORTED

B-83304EN-5/04

SET REFERENCE WIZ ARD PICK Positionl1 Setup - Reference Position Setup

Flease move the robot to P[1]in the generated TP program and adjust its position, If you want to
set the P[1] as the reference position, press the [Set].

[ TYFE ] | COMPLETE | FIMD | SET | CANCEL |

And then, the following TP program, which is "SET_POS.TP", is automatically generated. Move the
robot to the P[1] in the SET_POS.TP by executing the TP Program. The P[1] is automatically set to a
found position of the SEARCH Vision Process in the laser frame, which is a position that the cross of the
laser is located at the center of the image snapped by the 3D Laser Vision Sensor. If the cross of the
laser is not located at the center of the image, move the robot with tool mode along the Z-axis.

SET POS.TP

1: UFRAME_NUM=1

2: UTOOL_NUM=2 Se(
3:L P[1] 100mm/sec FINE ‘»I«"

Press F4 SET to set the reference FINE position after confirming that the P[1] is an appropriate position
to execute the FINE Vision Process. The set reference FINE position is displayed as follows.
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set the P[1] as the reference position, press
Following robot position has been set as refe

UT:2 UF:1 NUT 000
w1 1522.304
¥io-271.584
Z: 0.000
w0000

F: -0.000
R: 0.332

Flease move the robot to P[1]in the generated TP program and adjust its position, If you want to

the [Set].
rence position.

It is obtained by subtraction Wision Offset from the taught position.

SET REFERENCE WIZ ARD FIME Positionl Setup - Reference Position Setup

[ TrPE ] | COMPLETE | FIM

0|

SET |

CANCEL |

Press F2 COMPLETE after confirming that the set reference FINE position is correct.

4.3.13

FINE Vision Process Setup

Creating a FINE Vision Process and Setting the Parameters
Create a 3DL Single-View Vision Process data, and set the following parameters.

Scep Hold .
EI | Proa TCvec

iRVision Setup Main - FINE

@Image t=_:=
B| @) @] 7] zoom:[io0ww] x|

H
[

| Select the created 3D calibration data.

| Select the [Fixed Frame Offset].

| Select the user frame[1].

fi-

Light Output Type:

;. 3DL Single-View Vision Process

Carmera Calibration:

ALIE
Cafnera Setup:
HANDCAM

P'FFS et Mode:

pOffset Frame:

Lean Angle Limit:
Image Logging Mode:
Image Display Mode:

10%

Mot Trained -
Trained
Fixed Frame Offset v

UF 1™
Not Used v

,_3 @
Log Failed Images »
2D Image ¥

r o '\ 2D Measurement Setups
/ A Results \_|Exposure Mode: Fixed v e
[ TYPE ] | LIVE I SHAP FIND: END EDIT ] =

Teaching the GPM Locator Tool
On the tree view of the 3DL Single-View Vision Process, select the [GPM Locator Tool 1] and teach it.
For setup procedures of the GPM Locator Tool, refer to Chapter 7 in the "R-30iB/R-30:B Mate
CONTROLLER iRVision OPERATOR’S MANUAL (Reference)".
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|2 GPM Locator Tool 1

4[ M a3 I X Input Image: original Image v: |
= Teach
® B GPM Locator Tool 1 GEdit
I % 3DL Plane Cormmand Tool 1 \Setiorg)
Cen Qrg
Loc, ¥ Ang. M Sca. N
Press the [Teach] button to teach the model =TT =iring Mas Enable T Edit
pattern of the part. Enable Edit
Hone Set
Model 1D I—I T
Score Threshold: I 0.0 %
Contrast Threshold: | 50 ¥|v| A| 2|
Area Overlap: | 75.0 %
Elasticity: I 1.5 pix
=4, 5 resh I 70,0 Y
/ A Results \‘-.‘ I e : -
[ TYPE ] | LIVE | SHAR | FIND | END EDIT | >

Teaching the 3DL Plane Command Tool
On the tree view of the 3DL Single-View Vision Process, select the [3DL Plane Command Tool1] and

For setup procedures of the 3DL Plane Command Tool, refer to Chapter 7 in the

"R-30iB/R-30iB Mate CONTROLLER iRVision OPERATOR’S MANUAL (Reference)".

teach

it.

[0 ! ==
=} %"" 3DL Single-View Vision Process

E] GPM Locator Tool 1

B8 = 30L Plane Command Tool 1

Laser ID:

/ & Results )

Find Mode:

™\
\

20-3D Gap: m FAr
Press the [Train] button to set the | arrow Area: Enable [
measurement area. Windaw Mask: Enable ﬂ
Min Laser 1 Points: I—SU
Min Laser 2 Points: I—SD
Min Laser 1 Contrast: I—SD
Min Laser 2 Contrast: ﬁ
Max Line 1 Fit Error: I—IS pix
Max Line 2 Fit Error: | 1.5 pix
Max Lines Distance: ﬁ mm

Use Best Lines v

[ TYPE ] | LIVE I

SHAP | FIND

| END EDIT |

Setting the FINE VP List
Set the created FINE vision process to the FINE VP list in the Parts List Manager.
setup screen of the Parts List Manager of Part List[1], set the following parameters.
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Yision Process Name

FINE 0
R ok set

FIME Pos. ID

Vision Process Nare:
FINE Pos. ID:

FINE v siced
Mot Selected v

Select the first row of the FINE VP list. |

Select the created FINE vision process. |

[ TYPE ]

[ PAGE ]

SAVE END EDIT

4.3.14

Reference PICK Position Setup

Teach the reference position to pick the part and set it to the PICK Position List in the Parts List Manager.

Setting Parameters

On the PICK Position List setup screen of the Part List Manager of Part List[1], set the following

parameters.

#| Comment Wision Process Name | Model ID Interference Setup | Approach Setup Reference PICK Position | &
1 FINE  Not Set (5¥5,ROBOT,PICK) (PICK, 0, 10} Not Set
2 Mok Set Mot Set Mot Sat hint Set Blot Sat
Cormrment: | \ Select the first row of the PICK Position
Use Found Position: Enable I list.
Vision Process Name: FINE w m
Model ID: ]_U

Select the created FINE vision process.

=Interference Setup

Check the checkbox of the [Calculate 1A].

-Reference PICK Position

PICK Position X:

Calculate 1A: Enable 7 4 \
IASYS: SYS W

IAROB: ROBOT v

TACND: PICK ¥ 1

-Approach Setu

IAEE«ID: ° PICK v u'r;i‘/’

Ofs: PR 0 Mot Used

Tofs: PR |_10 —

Select the created interference setup data.

—

[ TYPE ]

Set the index number of position register
to hold the tool offset value to be applied
to a robot position to pick a part.

Here, the tool offset is set to the PR[10]
and their elements of the tool offset are
set to (0.0, 0.0, 100.0, 0.0, 0.0, 0.0).

| —

[ PAGE ]

=AVE 1 ENCTECIT |
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Teaching the Reference PICK position and Setting the Reference Data of the

FINE Vision Process

Teach the reference PICK position and Set the reference data of the FINE Vision Process by pressing the

[Start Set Reference Wizard] button.

The following screen is displayed by pressing the [Start Set Reference Wizard] button.
NEXT to start the Set Reference Wizard after confirming the setup procedures.

Busy Step

Hik] Deadman switch released

SET_POS LINE 0 Tl ABORTED

SET REFERENCE WIZARD Setup Sequence

FIND aor teaching reference position is done in the following order.

Execute FIME - > Setup FIME Reference Data -= Setup PICK Positionl

Save changes already made in Setup Pages and start setting references.

[ TYPE ] | MNEXT | FIMND | SET | CAMCEL |

Then, the following screen to execute a vision process is displayed.
robot to execute the FINE vision process.

Busy Step Hold Egegifikl Deadwan switch released
] SET POS LINE O T1 ABORTED 10%
Fun &= T#0 Prod TCyC — et

SET REFERENCE WIZARD PICK Position1 Setup - ¥ision Execution

Please rove the robot to detecting position for the follawing the vision process.

FIME

Detect a part by the following vision process,

[ TrPE ] | MEXT | FIMD | SET | CAMNCEL |

Then, the message "The vision process has run.

displayed as follows.

Press F2 NEXT after confirming that the vision process finds part correctly.
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SET REFERENCE WIZ ARD PICK Position1 Setup - ¥ision Execution

Flease move the robot to detecting position for the following the vision process,
FIME

Detect a part by the following wision process,
The vision process has run. Please confirm FIND result in Wision Runtime Page.

[ TYFE ] | MEXT | FIND | SET | CANCEL |

Then, the following screen to set the reference data of the Vision Process is displayed. Press F2 Next
after pressing F4 SET to set the reference data of it.

Busy Step Hold EipeRlilik] Desdrman switch released o
-
ron 225501 rron 00| SET_POS LINE O T1 ABORTED 10%

SET REFERENCE WIZ ARD PICK Position1 Setup - Reference Data Setup

Do you want to update reference data of the vision process?
If wou update, you need to re-teach the following positions.

PICK Positionl

Fress [Mext] to start next step.

[ TYFE ] | MEXT | FIMD | SET | CANCEL

The following screen to set the reference PICK position is displayed.
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Busy I-- k] Deadman switch released
JOIN

=

SET REFERENCE WIZ ARD PICK Positionl1 Setup - Reference Position Setup

Flease move the robot to P[1]in the generated TP program and adjust its position, If you want to
set the P[1] as the reference position, press the [Set].

[ TYFE ] | COMPLETE | FIMD | SET |

CANCEL |

And then, the following TP program, which is "SET_POS.TP", is automatically generated. Move the
robot to the P[1] in the SET_POS.TP by executing the TP Program. The P[1] is automatically set to the

found position of the FINE Vision Process. Confirm that the found position is on a point of a part by
moving the robot to the P[1].

SET _POS.TP

1: UFRAME_NUM=1
2: UTOOL_NUM=1
3:L P[1] 100mm/sec FINE

\

AA/NY

\/
\

/)

Press F4 SET to set the reference PICK position after confirming that the P[1] is an appropriate position

to pick a part. If the P[1] is set to inappropriate position to pick a part, adjust the P[1]. The set
reference PICK position is displayed as follows.
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SET REFERENCE WIZ ARD PICK Positionl1 Setup - Reference Position Setup

Flease move the robot to P[1]in the generated TP program and adjust its position, If you want to
set the P[1] as the reference position, press the [Set].
Following robot position has been set as reference position.
It is obtained by subtraction Wision Offset from the taught position.
UT:1 UF:1 NUT 000
Wi 1522.304
¥ -271.5584
2 0.000
W 0,000
F: -0.000
R: 0.332
[ TYPE ] | COMPLETE | FIND | SET | CANCEL |

Press F2 COMPLETE after confirming that the set reference PICK position is correct.

4.3.15 Creating TP Program

Create a TP program for the Bin picking system with 3D Laser Vision Sensor. The flow chart of the TP

program is as follows.
START
FAIL

END SEARCH

A

v SUCCESS

POP

FAIL

v SUCCESS

Get FINE position

FAIL

v SUCCESS

FINE

FAIL

SUCCESS

FAIL

Get PICK position

v SUCCESS

FAIL PICK&PLACE
SUCCESS

Then, the following TP programs use the following registers, position registers, vision registers and tool
frame and user frame.
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BIN_PICKING.TP
The following TP program is a sample program for the Bin Picking System with 3D Laser Vision Sensor.
For description of the KAREL Programs such as IMSEARCH.PC, refer to Chapter 7, "Parts List Manager
Reference".

Table of Registers
R[10] The status of the SEARCH Vision process
0: SUCCESS (Some new part data are added to a Parts List)
1: FAIL (No Part Data is added to a Parts List)
R[11] The status of POP
0: SUCCESS
1: FAIL (Any Part Data is not popped from a Parts List)
R[12] The Model ID of the popped Part Data
R[13] The status of the process to get a FINE position
0: SUCCESS
11: Failed to get a FINE position
R[14] The status of the process to get a PICK position
0: SUCCESS
11: Fail
R[15] The Model ID of the FINE found result
R[16] The status of the process to get a PICK position
0: SUCCESS
12: Failed to get a PICK position
13: Failed to get a position to approach a part (approach position)

Table of Position Register

PR[20] Result of interference avoidance for the FINE position (avoidance position)
PR[21] Result of interference avoidance for the FINE position (tool offset value)
PR[22] Result of interference avoidance for the PICK position (avoidance position)
PR[24] Result of interference avoidance for the approach position (avoidance position)
PR[25] Result of interference avoidance for the approach position (tool offset value)

Table of Tool frame

UTOOLJ[1] The TCP of the gripper
UTOOLJ[2] Laser frame

Table of User frame
UFRAME[1] | Application frame
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UFRAME_NUM=1
UTOOL_NUM=1
CALL BINPICK_CLEAR (1)

| SEARCH
: LBL[1]
7:L P[1] 2000mm/sec FINE

8: CALL BINPICK_SEARCH(l,l,lO)‘/
9: IF R [10]<>0,JMP LBL[999] ‘ 
10:

11: | POP

12: LBL[2]

13: CALL BINPICK_POP(1,11,12)

14: IF R[11]<>0,JMP LBL[1] +—

15:

16: ! Get FINE position

17: CALL BINPICK_GETFINEPOS(1,1,13,20,21)
18: IF R[13]=0,JMP LBL[3]
19:

20: CALL BINPICK_SETSTAT(1,12)
21: JMP LBL[2]

RGN RN

22:
23: | FINE
24: LBL[3]

25: UTOOL_NUM=2

26:L P[2] 2000mm/sec CNT100
27:L PR [20] 2000mm/sec FINE

28: CALL BINPICK_FINE(1,1,14,15
29: UTOOL_NUM=1

30: IF R[14]=0,JMP LBL[4]
31:

32: CALL BINPICK_SETST
33: JMP LBL[2]
34:

35: | Get PICK position

36: LBL[4]

37: CALL IMGETPICKPOS(1,1,16,22,23,24
38: IF R[16]=0,JMP LBL[5]

39:

40: CALL BINPICK_SETSTAT(1,22)
41: JMP LBL[2]

42:
43: | PICK
44: LBL[5]

45:L PR[24] 2000mm/sec CNT50
46:L PR[22] 500mm/sec FINE
47: | Insert program instructions to grasp the part:
48: CALL BINPICK_SETSTAT(1,20)
49:

50: ! PLACE

51:L P[3] 2000mm/sec CNT100 INC
52:J P [4] 100% CNT100

53:L P[5] 1000mm/sec CNT100 TOOL_OFFSET, PR [23]
54:L P[6] 200mm/sec FINE TOOL_OFFSET, PR[23]

55: ! Insert program instructions to place the part.e—
56:L P[5] 2000mm/sec FINE TOOL_OFFSET, PR [23]
57:

58: JMP LBL[2] «—

59:

60: LBL[999]

61:J P [5] 100% FINE

\\\
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Specify the user frame set in
Subsection 4.3.3, “User Frame Setup”

Execute a SEARCH vision process to
find some parts.

If any part can not be found, terminate
the process.

If any part data can not be popped
from the parts list, go to the process to
execute the vision process.

If the calculation of a robot position to
execute a FINE vision process fails,
go to the process to pop next part data.

Execute a FINE vision process to
measure 3D position of the part.

If the FINE process fails, go to the
process to pop next part data.

If the calculation of a position to pick
up a part fails, go to the process to pop
next part data.

Execute the process to pick up a part.

Move upward from the position to
pick up the part.

Place the picked part after
compensating with an offset
calculated by the interference
avoidance function.

Execute a process to place a part.

After placing a part, go to the
process to pop next part data.
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4.3.16 Robot Compensation Operation Check

Check that a part gripped by the robot can be detected and positioned precisely at a desired location.

»  Place the part on the reference position, find it and check the handling accuracy. If the accuracy of
compensation is low, retry the reference position setting.

*  Move the part without rotation, find it and check the handling accuracy.

*  Rotate the part, find it and check the handling accuracy.

o  Start with lower override of the robot to check that the logic of the program is correct. Next,
increase the override to check that the robot can operate continuously.

4.4 FIXED FRAME OFFSET SYSTEM WITH 3D AREA
SENSOR

Described below is the procedure of setting up a fixed frame system with 3D Area Sensor.

™~ SEARCH
—a 3D Area Sensor Vision Process

TCP of the gripper
—UTOOL[1]

The setup procedures are as follows.

441 Installation and Connection of 3D Area Sensor

Installation of 3D Area Sensor

Install the 3D Area Sensor on the camera mount. See Chapter 7, "3D AREA SENSOR REFERENCE"
to refer the layout of the 3D Area Sensor.

Connecting the 3D Area Sensor
Connect the 3D Area Sensor to a robot controller. For details, refer to Section 2.6 in the
"R-30iB/R-30iB Mate CONTROLLER Sensor Mechanical Unit/Control Unit OPERATOR’S
MANUAL".
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4.4.2 User Frame Setup

Set the user frame which is the reference frame of an offset data calculation. Set it on the stand surface
which parts are put as described below. For setup procedures of user frame, refer to Chapter 5 "FRAME
SETUP REFERENCE ".

Here, set the user frame to UFRAME[1] as described in Section 4.4, "FIXED FRAME SYSTEM WITH
3D AREA SENSOR".

4.4.3 3D Area Sensor Setup

Set the camera data of the two camera units in KOWA digital camera type.

Creating two Camera Data
Create a KOWA Digital Camera data, and set the following parameters.

o s ‘

iRVision Setup Main - CAM1

E il @J J Zoom: [S0% ¥ _D:_CI - KOWA Digital Camera

Select the channel to which one camera Channel: -1l
unit of 3D Area Sensor of the fixed Camnera Type: KOWA SCIS0EB/W
camera is connected. Def. Exposure Time: | 33.333 ms ‘Q’;I VI ~ ﬁl
— Robot-Mounted Cam.: [
- —p [Mode: 1/2" SKGA (1280x1024) »
Shelecct the [1/2 SXQA(léBOxl:é4§OWhen Use Strobe: —
EXA[/ amera Type] is KOWA SC130E Gain: [ Too
Select the [2/3"SXGA(1280x1024)] when “Camera Parameters -
the [Camera Type] is KOWA SC130C. Image Size: 640450 pix
WVertical Spacing! 5.300 ricrons
Aspect Ratio: 1.00000
Exposure Time Range: 0.100 - 200.000 ms
X =Version Info
Carnera: an.0fF / 0.E
cCu: 02.01/1.15%
[ TYFE ] | LIVE | SNAP | | END EDIT >

For the other camera of the 3D Area Sensor, do the above same procedures.
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Creating two Calibration Data
Create a Robot-Generated Grid Calibration data, and set the following parameters.

@ Image | t=_'—‘

B @] @] 7| zoom:|100% v E!

Setup

% Robot-Generated Grid Cal. Tool

Select the user frame to be used for P|fpplication Frame:

camera calibration. Camera:

A fixed camera is calibrated relative to the p [CAML

selected user frame. Exposure Time:

Here, select the user fame[1]. Multi Exposures:
Multi Exposu

Select the created camera data. Plane spacing:

Initial position:

User Frame: |1 %

Trained

1w

Image Logging Mode:  Log Failed Irmages S|

I 100.0 rmrm

b

I 33,333 ms 8|v|n kl

Train

Mask

Record |

Ji : AR ]2: A J3 : LR et
J4: 15: Ja:
[ TYPE ] | LIVE | SHAP | | END EDIT

For the other camera of the 3D Area Sensor, do the above same procedures.

Creating a 3D Area Sensor Data and Setting the Parameters
Create a 3D Area Sensor data, and set the following parameters to adjust layout.

Prod
OR

(O] Image s

i

QEQJ Zoom: |100% v DZQ|

| Select the [1].

Press the [Start] button to check 1/0 and
confirm that the status of it is changed
from [NG] to [OK].

Qr&k 10:

Projector Type:
Projector Ver.:
Intensity:

30 Map Density:

Std. 2 Height:
Remove Noise:
Application Frame:
Min, Cycle:

Irnage Display Mode:
30 Map Info.
Date:

Tirme:
Nurn, Points:
Map Size:

Projector 1D: > 1 W

MG
23634 ms

Test Projector Pattern: |White »

Gray Scale v

[ TYPE ] ACQ 3DMAP PRI ON

END EDIT
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iRVision Setup Main - SENSOR

(O]
B %] m] x| ¢]| 2] Camera Calib.

b CAL1 v
Test Snap Pattern: Black v

[ camera View 1

I: :':':':':':':' 3D Area Sensor

& [T camera view 1

----- :':':':':",‘:' Camera View 2

On the tree view, select the [Camera
View1] and select one of created
calibration data in [Camera Calib.].

[ TYPE ] | LIVE | SHAP END EDIT =

— 10 | . :
Bun Prod

iR¥ision Setup Main - SENSOR

@ | T'_E=_:=Tree Camera View 2
J M J J _I J Carnera Calib.:
E lith 50 area Sensor p [CALE b
Test Snap Pattern: Black »

----- :m' Camera View 1

mcamera View 2

On the tree view, select the [Camera
View2] and select the other of created
calibration data in [Camera Calib.].

(rvee] | LIVE ET | ewoeorr | >

Adjusting the Layout of the 3D Area Senor
Adjust the layout of the 3D Area Sensor. For detail, refer to Subsection 7.4.1 "Adjusting the Layout of
3D Area Sensor".

Adjusting the focus of the Projector Unit of the 3D Area Senor
Adjust the focus of the projector unit of the 3D Area Sensor. For detail, refer to Subsection 7.4.2
"Adjusting the Focus of the Projector Unit "

Adjusting the focus of the Camera Units of the 3D Area Senor
Adjust the focus of the camera units of the 3D Area Sensor. For detail, refer to Subsection 7.4.3
"Adjusting the Focus of the Camera Units ".
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Calibrating the Camera Units
Calibrate the two camera units of the 3D Area Sensor in the following procedures. For detail of each
procedure, refer to Section 6,1 "Robot-Generated Grid Calibration™.

Mounting the Target
The function moves the target, mounted on the robot end of arm tooling, in the camera’s field of view to
Make sure that the target does not get blocked by the robot arm or the tooling while the robot moves in
the camera's field of view.

Teaching the Initial Position
Open one of calibration data. In the [Initial Position], set the current robot position as the starting
position to measure the target position. The starting positions should be set as the robot gripper is about
the center of FOV.

[ T S '
Bun g I/0 Prod I TCvc 10*

iRVision Setup Main - CAL1
a Image lhg-:= Robot-Generated Grid Cal. Tool

ﬂl Wﬂl 05 | * | Zoom: |100% % :)ZCI Setup l
Application Frame: User Frame: |1 %
Camera: Trained

CAML v

Exposure Time! I 33,333 ms ¥ VlA ﬁl
Multi Exposures: 18, 33 33T

Train

Image Logging Mode: |Log Failed Images v
Flane spacing: | 100.0 mn

Initial position: Record I >
T4 SR o, S N,
b Ja: REH
J4: H J&
[ TYPE ] | LIVE | SHAP | | END EDIT | =

Teaching the GPM Locator Tool
With the target located at the starting position set in the [Initial Position], select the [GPM Locator Tool1]
on the tree view and teach the model pattern of the target.
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[=} &3 Robot-Generated Grid Cal. Toal Teach
B [ GPM Locator Tool 1 GEdit
Set Org
Cen Orql
Press the [Teach] button to teach the model Ang. G Sca. G
pattern of the target. MTraining Mask: Enable | Edit
Ernphasis Area: Enable [ Edit
Maodel Origin Bias: Mone Set

}

Madel 1D:

Score Threshold: I 700 %
Contrast Threshold: I so ¥ VI Al RI
Area Overlap: I 750 %

Elasticity: I 1.5 pix
A Score Threshold I 70.0 %
o ww Floating EA l_
/ A& Results " ¥
i P P | —
[ TYPE ] | LIVE | SHAP | FIND | END EDIT | =

/N\ CAUTION
After setting the calibration data, press F5 END EDIT to close the setup page.
If the calibration setup page is opened, the Robot-Generated Grid Calibration
fails to measure the target position.

Measuring Target Position
Visit the [Robot-Generated Grid Calibration] in the iRVision > Vision Utility Menu.

Select the calibration data in the following procedures.

1 Calibration Data 5
2 Target Position
3 Program Generation

Place the cursor on the [1 Calibration Data].

Press F4 [CHOICE] and select the created
calibration data.

[ TYPE ] | DISP IMG I DETAIL | [CHOICE]

Measure the target position in the following procedures.
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. Step m

I1/0 Prod TCvyc
iRVision Utilities

Robot-Generated Grid Calibration

1 Calibration Data
2 Target Position
3 Program Generation

Place the cursor on the [2 Target Position].

10%
-
3

/

CAL1

Recorded

measurement.

Press SHIFT+F5 RUN to start the target

[ T¥FE ] | DISPF IMG I POSITION |

Generating Calibration Program
Generate a calibration program in the following procedures.

iRVision Utilities
Robot-Generated Grid Calibration

Program Generation
Place the cursor on

the [3 Program Generation].

(RN

-
W
R

Q
)
ot
Lo
0
w0
B
=
|_l.
0
5

10%

Recorded

Press SHIFT + F5 RUN to start
the program generation.

[ TYPE ] | DISP IMG | |

Executing Calibration Program

RUN |

Select the generated calibration program in the SELECT menu, and play it back from first line to calibrate

camera.

Do the same procedure on the other calibration data. Then calibration of 2 camera units is completed.

If the installation of the target has reproducibility, set the set different tool frame index for each
calibration data as follows. As long as the position where the target is mounted remains unchanged, you

can re-calibrate the camera by executing the generated calibration program.
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| Step || Hold
210 - TCyc

iRVision Utilities iRVision Utilities

Robot-Generated Grid Calibration 1/8 Robot-Generated Grid Calibration 1/8
1 Camera Calibration : 1 Camera Calibration :
Camera 3 CAM1 Camera 3 CAMZ
Robot-mounted : NO Robot-mounted : NO
2 Application UFrame 3 0 2 Application UFrame H 0
3 Plane Spacing [mm] 3 100.000 3 Plane Spacing [mm] 8 100.000
4 __Staxns ST z d 4 St pbelleemnii == 2d
<§ UTool for work space : §> G UTool for work space : 8 >
6 Num. oL crru—{eor—y o 7 6 Num. Or Grra=—{eo—y 5 7
7 Num. Of Grid (Row) g 7 7 Num. Of Grid (Row) g 7
8 Program Name 3 CAL1 8 Program Name H CAL2
[ T¥PE ] | l I [CHOICE] l [ T¥PE ] I [CHOICE]

Checking the Calibration Data
Check that the calibration result is correct. To check the calibration data, refer to Subsection6.1.6
"Camera Calibration Checking".

Teaching of condition of acquiring 3D Map
Open the 3D Area Sensor data and set the following parameter.

— 100
e o
iR¥ision Setup Main - SENSOR
(8 1mage == fill 3D Area Sensor
Set the Z value shown in the figure below. Projector Ver.:
Intensity: 11 %
. Exposure Time: 8,000 ms
Application frame = Container 30 Map Density: Normal v
Std, Z Height: mm
Rermave Noise: —
Half height of Application Frame: NG
piles parts in Min. Cycle: 2363.4 ms
the application Test Projector Pattern: | 'White v
frame Image Display Mode: |Gray Scale v —
— 30 Map Info.
Date:
Time:
Murn, Points:
Map Size: -
[ree] | | acqsomsr [ eroon | ewoeorr | >

Confirm that a 3D map is acquired correctly by pressing F3 ACQ 3DMAP. If there is an area that 3D
points are not acquired, adjust the [Exposure Time] and the [Intensity] by referring to Subsection 7.4.4
"Adjusting the Condition of Acquiring 3D Map".

444 Tool Frame Setup

TCP of the Gripper
Set the tool frame on the TCP of the end of robot gripper. This frame is useful for ensuring that the TCP
of the gripper is moved to the part pick position when fixed frame offset or interference avoidance is
applied to the part pick position. The Z-axis of this frame should be set along the direction in which the
robot proceeds and retreats as it picks up a part. For setup procedures of tool frame, refer to Chapter 5
"FRAME SETUP REFERENCE ".
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Here, set the tool frame to UTOOL [1] as described in Section 4.4, "FIXED FRAME OFFSET SYSTEM
WITH 3D AREA SENSOR™.

4.4.5 SEARCH Vision Process Setup

Creating a Vision Process and Setting Parameters
Create a 3D Area Sensor Vision Process, and set the following parameters.

step [ Hold
B | Prod TCvc
iRVision Setup Main - SEARCH

10%

[0 e | tg_:= 58 3D Area Sensor Vision Process
E;- % I m p Zoom: | 100% :):C Area Sensor: =

P SENSOR b

Select the created 3D Area Sensor Carnera Calibration:

data. > CaLl M

J_Camera:
Select the either of two created CAML
calibration data. Exposure Mode: Fixed ¥

Exposure Time: I 33,333 ms ¥|V|h kl —

Multi Exposures: 1v),

ala * e |
= |3 = |3

Mumber to Find: | 1

Offset Frame: uF |Mot Selected v
f,\ Range Enb  Minirnurn Maximur
/ A& Results \ _ v
[ TYPE ] I LIVE | SMHAP | FIMD [ END EDIT | >
e [
.. _—

iRVision Setup Main - SEARCH

@ Image T?_:=

1 3D Area Sensor Vision Process

M—q"’ _Ia u-J J Zoom: [100% (S El Mumber to Find: 1
Offset Frame: UF |1 ™
| Select the user frame[1]. Range Enb  Minirnurn Maxirmurn
Wi — | I— mm
Set the height of the container bottom i — [ mm
and that of the upper opening of the > Z: V| | mm
cr?ntalner. If pgrts afrehplled hlgher than Image Logaing Mode: |Log Failed Images |
the upper opening of the container, set Sort by [Vision Process Lovell
the height of piled parts instead of that Sort key: =
of the upper opening of the container.
. Sort arder: Desc. ¥
The value must be the value in the user _ 200 oi .
frame selected in the [Offset Frame]. Delte Duplicates If <: 204 pix]__120.0/% S8
Dup. Check Key: Score ¥
Dup. Check Order: ernove Lo
Image Display Mode: 2_D_ II-m_‘.age _v
M o \ Ref. Data To Use! This Index ¥ | index 1 ¥
! A Results -
i A bpeferepce Dats
[ TYPE ] | LIVE | SNAP FIND | END EDIT | >

Teaching the GPM Locator Tool
On the tree view of the 3D Area Sensor Vision Process, select the [GPM Locator Tool 1] and teach it.
For setup procedures of the GPM Locator Tool, refer to Chapter 7 in the "R-30iB/R-30iB Mate

CONTROLLER iRVision OPERATOR’S MANUAL (Reference)".
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(O] | E=Tree
0] & af x] 1] 4]

1 1 L
= ##7 30 Area Sensor Vision Process

B GPM Loc

tor Taol 1

i
Input Image:

&2 GPM Locator Tool 1

Original Image v

Press the [Teach] button to teach the model
pattern of the part.

Teach
GEdit
Seft Org
Cen Org|
Training Loc. M A&ng. M Sca. M
MTTaining Mask: Enable T Edit
Ermphasis Area: Enable T Edit
Maodel Origin Bias Mone Set
Model 1D: 1 T
Score Threshold: m %

Contrast Threshold: I 50 xllelﬁl

Area Overlap: | 75.0 %
Elasticity: I 1.5 pix
EA Score Threshold 70.0 %
' - . o A Y - » K]
[ \ Allow Floating EA: I
AESyRes i, | — 14
[ TYPE ] | LIVE | SHAP | FIND» | END EDIT | =

Teaching the Area Sensor Plane Tool
On the tree view of the 3D Area Sensor Vision Process, select the [Area Sensor Plane Tool 1] and teach it.
For setup procedures of the Area Sensor Plane Tool, refer to Chapter 7 in the "R-30:B/R-30iB Mate
CONTROLLER iRVision OPERATOR’S MANUAL (Reference)".

iR¥ision Setup Main - PROG

Sy
[E=Tree

(O] |
E}' m 30 Area Sensor Vision Process

F E] GPM Locator Tool 1

[ il area sensor Plane Tool 1

2D-3D Gap:

Press the [Set] button to set the /-“‘"‘“m Points: 100
measurement area. Fit Error Threshold: | 1.5 mm
Fix Mormal Direction: [
MNormal Direction X! 0,000 0,000
Plot Mode: Plot Measurement Area v:
',f' A Results \
[ TYFE ] | LIVE | SNAP | FIND I END EDIT | >

Setting the Reference Data
Select the [3D Area Sensor Vision Process] on the tree view, and set the reference data in the following

procedures.
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Step . Hold ..

g v TCwe
iRVision Setup Main - PROG

10%

(O] E=Tree
ab Cup. Check Order: : Low R
D] &) m] o] o] 4] P
= o . 2D Image v
Bt 77 3D Area Sensor Vision Process Image Display Mode: .
= [ GPM Locator Taal 1 Ref. Data To Use: This Index ¥ | index |1 ¥
L. BB srea Sensor Plane Tool 1 LReference Data
A x|

Index: 1v 1

Press the [Set] button to set the reference _—
data after confirming that the part is found Ref. Pos. st:—.um?a_; Set

|

correctly by pressing F4 FIND. I
o
—
——
—
-
A Results R None selacte -
[ TYPE ] | LIVE I SNAP | FIND | END EDIT | >

Setting the Reference PICK Position
Set the reference robot position to pick the part. The reference position is compensated with the vision
offset outputted by the 3D Area Sensor Vision Process. Here, set the reference position to the PR[10].
(The position register is used in the TP program described below.)

4.4.6 Creating TP Program

Create a TP program for the fixed frame system with 3D Area Sensor. The flow chart of the TP

program is as follows.
START
FAIL

END SEARCH <

v SUCCESS

Get OFFSET data

FAIL

v SUCCESS

PICK&PLACE

FAIL

SUCCESS

Then, the following TP programs use the following the registers, position registers, vision registers and
tool frame and user frame.

Table of Register
| R[1] | The number of parts found by the vision process

Table of Position Register
PR[10] Reference robot position to pick a part
PR[11] Tool offset to be applied to a robot position to approach a part.
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Table of Vision Register
| VR[1] Found results of the vision process |

Table of Tool frame

[ uTooL[1] | The TCP of the gripper |
Table of User frame
| UFRAME[1] | Application frame |
1: UFRAME_NUM=1 — Specify the user frame set in
2: UTOOL_NUM=1 Subsection 4.4.2 “User Frame Setup.”
3:
4: ISEARCH
5: LBL[1]
6:L P[1] 2000mm/sec FINE
7: CALL BINPICK_ACQUIRE3DMAP('SENSOR") = Acquire a 3D map.
8: VISION RUN_FIND 'PROG' < 
9: VISION GET_NFOUND 'PROG' R [1] Execute a SEARCH vision process to
10: IF R[1]=0,JMP LBL[999] find some parts.
11:
12: LBL[2]

13: VISION GET_OFFSET 'PROG' VR[1] JMP LBL[1] Ifany part can not be found, terminate

14: the process.
15: IPICK
If the process to get a vision offset

16:L P[2] 2000mm/sec CNT100 !
17:L PR[10] 500mm/sec CNT50 VOFFSET, VR[1] Tool_Offset, fails, go to the process to execute the
PR[11] SEARCH vision process.

18:L PR[10] 300mm/sec FINE VOFFSET, VR[1]

19: ! Insert program instructions to grasp the part.\
A Execute the process to pick up a part.

21: IPLACE

22:L P[3] 2000mm/sec CNT100
23:L P[4] 2000mm/sec FINE
24: lInsert program instructions to place the part Execute the process to place the part.
25:

26: !Continuous

27: JMP LBL[2] +— -
28: After placing the part, go to the
29: IEND process to get next vision offset.

30: LBL[999]
31:J P[5] 100% FINE
32:

4.4.7 Robot Compensation Operation Check

Check that a part gripped by the robot can be detected and positioned precisely at a desired location.

*  Place the part on the reference position, find it and check the handling accuracy. If the accuracy of
compensation is low, retry the reference position setting.

*  Move the part without rotation, find it and check the handling accuracy.

»  Rotate the part, find it and check the handling accuracy.

»  Start with lower override of the robot to check that the logic of the program is correct. Next,
increase the override to check that the robot can operate continuously.
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5 FRAME SETUP REFERENCE

This chapter explains the setup procedures of frame. When an application frame or an offset frame is set,
refer to this chapter. Refer to Section 3.9 "SETTING COORDINATE SYSTEMS" in the "R-30iB/
R-30iB Mate CONTROLLER OPERATOR’S MANUAL (Basic Operation) (B-83284EN)" about a
general method of frame setting.  This chapter explains the following items.

1  Frame Setup with a pointer tool (Section 5.1)
2  Frame with the Automatic Grid Frame Set Function (Section 5.2)

5.1 FRAME SETTING WITH A POINTER TOOL

A user frame or a tool frame is set by physically teaching with a pointer attached on the robot end of the
arm tooling or a pointer secured to a secured stand.  This section explains the following items.

1 User Frame Setup with a pointer tool (Subsection 5.1.1)
2  Tool Frame Setup with a pointer tool (Subsection 5.1.2)

5.1.1 Setting the User Frame with a Pointer Tool

This subsection explains a method for user frame setting on an arbitrary plane with a pointer attached on
the robot end of the arm tooling. It is necessary to perform a TCP setup to an arbitrary tool frame
number.

5.1.1.1 Setting a TCP

Attach a pointer tool on the robot end of the arm tooling, and set TCP to an arbitrary tool frame number.

Tool frame

Prepare a pointer tool with a sharp tip. Make sure that the pointer tool is fixed securely to the robot end
of arm tooling so that it remains in place while the robot moves. It is recommended that positioning pins
or other appropriate means may be used so that the pointer tool can be mounted at the same position.
Moreover, prepare another pointer with a sharp tip, and fixed on the table. The position of the fixed
pointer on the table is arbitrary. TCP is set up by touch-up the tip of the fixed pointer with the tip of the
pointer attached on the robot end of the arm tooling. Use the "Tree point method" for setting a TCP.
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Set the TCP accurately. If the accuracy of this TCP setting is low, the precision in handling of a part by
the robot is also degraded.

Pointer tool

—

Fixed pointer tool

Three Point Method
Use the three point method to define the tool center point (TCP). The three approach points must be
taught with the tool touching a common point from three different approach statuses. As a result, the
location of TCP is automatically calculated. To set the TCP accurately, three approach directions had
better differ from others as much as possible. In the three point method, only the tool center point (X, v,
z,) can be set. The setting value of tool orientation (w, p, r) is the standard value (0, 0, 0). It is not
necessary that change the (w, p, r) value.

Press the MENU key. The screen menu is displayed.

Select "6 SETUP"

Press the F1 [TYPE]. The screen change menu is displayed.
Select Frames.

Press F3 [OTHER].

Select Tool Frame. Tool frame list screen is displayed.

OO, WNE
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Busy Step

Hold

Fault

Furn & I/0

Prod

TCyco

Tool Frame

X

0.
Active TOOL $MNUTOOLNUM[1l] = 1

[=Nelelelollololloles]

OO O0O0OO0O0o0o0oOoOo

0

Y

30%

JOB LINE 0 TZ ABORTED

/ Three Point 1/10

Z Comment
[Ecatl
[Ecat?2
[Ecat3
[Ecat4d
[Ecath
[Ecatéb
[Ecat7
[Ecat8
[Ecat9
[

OO0 000000 O0o
OO O0O0OO0O0o0o0oOoOo
OO0 000000 O0OO0o
OO O0OO0O0O0O0OO0oOo0oOOo

—_ e e e e e

0.0

[ TYEE ] |

DETATL | [OTHEER ] | CLEAPR | SETIND |

7 Move the cursor to the list of the tool frame number you want to set.
8 Press F2 DETAIL. The tool frame setup screen of the selected frame number is displayed.

Busy Step

Hold

Fault

Furn qQ'— I/0

Prod

TCwc

CALIE LINE 0 TZ ABORTED 15%

SETUP Frames
Tool Frame
Frame Number:

1

2
3
4
5
6
7

Comment :

WY NN

Configuration: N

Direct Entry 1/7

1

.000
.000
.000
.000
.000
.000

Doooooo

Active TOOL $MNUTOOLNUM[1l] = 1

[ TYPE ] | [METHOD] | FRAME | |

9  Press F2 [METHOD].
10 Select the [Tree Point].
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JOE LINE 0 TZ ABORTED [upeiayil

SETUP Frames

Tool Frame Three Point
Frame Number: 1
X: 0.0 Y: 0.0 Z: 0.0
W: 0.0 P: 0.0 R: 0.0
Comment : POINTER1
Approach point 1: UNINIT
Approach point 2: UNINIT
Approach point 3: UNINIT

[ TYEE ] | [METHOD] | FRAME | | |

11 It recommends inputting a comment, in order to make it easy to distinguish from other tool frame
numbers.

12 Move the cursor to the [Approach point 1].

13 Jog the robot and touch up the fixed pointer with the pointer tool.

Approach point 1

14 Press and hold the SHIFT key and press F5 RECORD to record the data of current position as the
reference position.  As for the taught reference point, RECORED is displayed.
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busy (NS A NSt
. Frod | JOE LINE O TZ ABORTED JFRIM
SETUP Frames
Tool Frame Three Point 2/4
Frame Number: 1
X: 0.0 g 0.0 Z: 0.0
W: 0.0 P: 0.0 R: 0.0
Comment : POINTER1
pproach point 1: [RECORDED
Approach point 2: UNINIT
Approach point 3: UNINIT
Point Recorded
[ TYEE ] | [METHOD ] | FRAME | MOVE_TO | RECORD |

15 Move the cursor to the [Approach point 2].
16 Jog the robot and touch up the fixed pointer with the pointer tool. The position of approach point 2

is same position as the approach point 1. However, the posture of approach point 2 is different
from posture of approach point 1.

Approach point 2

17 Press and hold the SHIFT key and press F5 RECORD to record the data of current position as the
reference position.  As for the taught reference point, RECORED is displayed.
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JOB LINE 0 TE ABCRTED [Ruecefe

SETUP Frames

Tool Frame Three Point 3/4
Frame Number: 1
X: 0.0 Y: 0.0 Z: 0.0
W: 0.0 P: 0.0 R: 0.0
Comment : POINTER1
Approach point 1: RECORDED
pproach point 2: RECORDED
Approach point 3: UNINIT

Point Recorded

[ T¥PE ] | [METHCD] | FRAME | MOVE TO | RECORD |

18 Move the cursor to the [Approach point 3].

19 Jog the robot and touch up the fixed pointer with the pointer tool. The position of approach point 3
is same position as the approach point 1 and 2. However, the posture of approach point 3 is
different from posture of approach point 1 and 2.

Approach point 3

20 Press and hold the SHIFT key and press F5 RECORD to record the data of current position as the
reference position.
21 When all the reference points are taught, USED is displayed. The tool frame has been set.
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= | |

E

.

JOB LINE 0 TE ABCRTED [Ruecefe

SETUP Frames

Tool Frame Three Point 4/4
Frame Number: 1
X: -1.8 Y: 0.7 Z: 351.9
W: 0.0 P: 0.0 R: 0.0
Comment : POINTER1
Approach point 1: USED
Approach point 2: USED
pproach point 3: USED

New position calculated

[ T¥PE ] | [METHCD] | FRAME | MOVE TO | RECORD |

22 To display the tool frame list screen, press the PREV key.

23 Check the TCP is set accuracy. Press F5 SETIND and select the set tool frame number as an
effective tool frame now.

24 Jog the robot and touch up the fixed pointer with the pointer tool.

25 Jog the robot around TCP and change the posture (w, p, r) of pointer tool. If TCP is set accuracy,
the tip of pointer tool always points to the tip of the fixed pointer.

Center of rotation

5.1.1.2 User frame setting

To set an user frame, there are three methods that are "Three point method", "Four point method" and
"Direct list method". When use the "Three point method" or "Four point method", use the pointer tool
that is set in the Subsection 5.1.1.1 "TCP setting”". Moreover, the accuracy of user frame setting
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becomes better as the distance of each taught points is far. When set the calibration grid frame, the
distance of each taught points by using "Four point method" become longer than using the "Three point
method". When set the calibration grid frame, the "Four point method" is recommended. The "Three
point method" and "Four point method" is explained as shown below.

Three point method
Teach the following three points: the origin of the x—axis, the point which specifies the positive direction
of the x—axis, and the point on the x—y plane. In the example of the following figure, the user frame is
set on the table so that the XY plane of the user frame is parallel with the table plane.

‘*\(x)ﬂ,

User frame

Press the MENU key. The screen menu is displayed.

Select [6 SETUP]

Press the FL[TYPE]. The screen change menu is displayed.
Select [Frames].

Press F3 [OTHER].

Select [User Frame].  User frame list screen is displayed.

OOk, WN R
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Busy step Hold | Fault

TEST LINE 2 T2 PAUSED REECHE

(]
Fun  FETAD Prod TCyc

User Frame / Direct Entry 1/9
X Y Z Comment
1] o.0 0.0 0.0 [UFramel ]
2 0.0 0.0 0.0 [UFrame2 ]
3 0.0 0.0 0.0 [UFrame3 ]
4 0.0 0.0 0.0 [UFramed ]
5 0.0 0.0 0.0 [UFrame5 ]
6 0.0 0.0 0.0 [UFrame6 ]
7 0.0 0.0 0.0 [UFrame7 ]
8 0.0 0.0 0.0 [UFrame8 ]
9 0.0 0.0 0.0 [UFrame9 ]

Active UFRAME $MNUFRAMENUM[1] = O

[ TYEE ] | DETATL | [OTHEER ] | CLEAR | SETIND | >

Move the cursor to the list of the user frame number you want to set.
Press F2 DETAIL. The user frame setup screen of the selected frame number is displayed.
Press F2 [METHOD].

0 Select the [Tree Point].

= © 00

Busy Step Hold Fault

VFINE

TE3T LINE Z TZ PAUZED

5]
Fun A Prod TCyc

User Frame Three Point 1/4
Frame Number: 1

X: 0.0 Y: 0.0 a: 0.0
W: 0.0 P: 0.0 R: 0.0
Comment : FIXTURE1
Orient Origin Point: UNINIT
X Direction Point: UNINIT
Y Direction Point: UNINIT

Active UFRAME $MNUFRAMENUM[1] = O

[ TYFE ] | [METHCD] | FRAME | | |

11 It recommends inputting a comment, in order to make it easy to distinguish from other user frame
numbers.

12 Move the cursor to the [Orient Origin Point].

13 Jog the robot and touch up the Orient Origin Point with the pointer tool.
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Orient Origin Point

14 Press and hold the SHIFT key and press F5 RECORD to record the data of current position as the
Orient Origin Point.  As for the taught Orient Origin Point, RECORED is displayed.

uUIY -_|-
o
B

E

— TEST LINE Z TZ PAUIED

SETUP Frames
User Frame Three Point 2/4

Frame Number: 1

X: 0.0 Y: 0.0 Z: 0.0
Ww: 0.0 P: 0.0 R: 0.0
Comment : FIXTURE1l
Orient Origin Point: ISiHelejZisiHb]
X Direction Point: UNINIT
Y Direction Point: UNINIT
Point Recorded
[ TYFE ] | [METHOD ] | FRAME | MOUE_TO | RECORD |

15 Move the cursor to the [X Direction Point].
16 Jog the robot and touch up the X Direction Point with the pointer tool. The direction that connects

the Orient Origin Point and the X Direction Point is the x—axis of user frame.
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X Direction Point

Orient Origin Point

\/

17 Press and hold the SHIFT key and press F5 RECORD to record the data of current position as the X
Direction Point.  As for the taught X Direction Point, RECORED is displayed.

TEST LINE 3 TZ PAUIED

SETUP Frames
User Frame Three Point 3/4
Frame Number: 1

X: 0.0 Y: 0.0 Z: 0.0
W: 0.0 P: 0.0 R: 0.0
Comment : FIXTURE1
Orient Origin Point: RECORDED
¥ Direction Point: [RECORDED
Y Direction Point: UNINIT
Point Recorded
[ TYPE ] | [METHCOD ] | FRAME | MOVE_TO | RECORD |

18 Move the cursor to the [Y Direction Point].
19 Jog the robot and touch up the Y Direction Point with the pointer tool. If the Y Direction Point is

taught up, the XY plane of frame will be set.

-102 -



B-83304EN-5/04 5.FRAME SETUP REFERENCE

Orient Origin Point

20 Press and hold the SHIFT key and press F5 RECORD to record the data of current position as the Y

Direction Point.
21 When all the reference points are taught, USED is displayed. The user frame has been set.

TZ ABORTED Juesne

JOBZ LINE O

SETUP Frames

User Frame Three Point a/4
Frame Number: 1

X: 1682.4 Y: -1.9 7: -255.5
W: -0.0 P: 0.0 R: 0.0
Comment : FIXTURE1
Orient Origin Point: USED
X Direction Point: USED

Direction Point: USED
[ TYEE ] | [METHOD ] | FRAME | MOVE_TO | RECORD |

22 To display the user frame list screen, press the PREV key.
23 Press F5 SETIND and select the set user frame number as an effective user frame now.

Four point method
Teach the following four points: the origin of the x—axis parallel to the frame, the point which specifies

the positive direction of the x—axis, a point on the XY plane, and the origin of the fame. In the example
of the following figure, the user frame is set on the fixed calibration grid.
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System origin

The following figure is a calibration grid. When perform the 3DL Calibration for camera calibration, it
is necessary to set up a user frame such as shown in the following figure. Since it is necessary to a
System origin on the center of the calibration grid, when the [Three point method] is used, the distance
form the System origin to the X Direction Point or the Y Direction Point is near. By using [Four point
method], the accuracy of user frame setting becomes better.

Y Direction

~

0000000
00000000
System | @ O @ O © @ @ @

Origin \\.\..\?. 0
000 C T X

00000000
00000000

\'%QQ.....

X Direction

Q000060000

Press the MENU key. The screen is displayed.

Select [6 SETUP].

Press F4 [TYPE]. The screen change menu is displayed.
Select [Frames].

A wWODNPE

- 104 -



B-83304EN-5/04 5.FRAME SETUP REFERENCE

5  Press F3 [OTHER].
6  Select [USER FRAME]. User frame list is displayed.

Busy step Hold | Fault

TEST LINE 2 T2 PAUSED RIeCHE

(]
Fun  FETAD Prod TCyc

User Frame / Direct Entry 1/9
X Y Z Comment
[UFramel
[UFrame?2
[UFrame 3
[UFrame4
[UFrame5
[UFrame6
[UFrame7
[UFrame8
[UFrame9

Wo-JoaUlkewhNE
OO0 OO0 00O0OO0
[=NeNeNelNelNelNeNolNol
OO0 0000000
OO0 000000 O0
OO0 OO0 00O0OO0
OO0 OO0 00O0OO0
[ R R

Active UFRAME $MNUFRAMENUM[1] = O

[ TYEE ] | DETATL | [OTHEER ] | CLEAR | SETIND | =

Move the cursor to the list of the user frame number you want to set.
Press F2 DETAIL. The user frame setup screen of the selected frame number is displayed.
Press F2 [METHOD].

0 Select the [Four Point].

= © 00

Busy Step Hold Fault

1%

HJENDEVNT LINE 0 TZ AEBCRTED

[w)
Fun R Prod TCyc

User Frame Four Point 1/5
Frame Number: 1

X: 0.0 Y: 0.0 a: 0.0
W: 0.0 P: 0.0 R: 0.0
Comment : FIXTUREL
Orient Origin Point: UNINIT
X Direction Point: UNINIT
Y Direction Point: UNINIT
System Origin: UNINIT

Active UFRAME S$MNUFRAMENUM[1] = O

[ TYEE ] | [METHOD] FRAME

11 It recommends inputting a comment, in order to make it easy to distinguish from other user frame
numbers.

12 Move the cursor to the [Orient Origin Point].

13 Jog the robot and touch up the Orient Origin Point with the pointer tool.
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4

Orient Origin Point

14 Press and hold the SHIFT key and press F5 RECORD to record the data of current position as the
Orient Origin Point.  As for the taught Orient Origin Point, RECORED is displayed.

= | |
e

TESTZ LINE Z TZ PAUSED

prod |

SETUP Frames

User Frame Four Point 2/5
Frame Number: 1

X: 0.0 Y: 0.0 Z: 0.0
W: 0.0 P: 0.0 R: 0.0
Comment : FIXTURE1
Orient Origin Point: NN
X Direction Point: UNINIT
Y Direction Point: UNINIT
System Origin: UNINIT
Point Recorded
[ T¥FE ] | [METHOD ] | FRAME | MOVE_TD | RECORD |

15 Move the cursor to the [X Direction Point].
16 Jog the robot and touch up the X Direction Point with the pointer tool. The direction that connects

the Orient Origin Point and the X Direction Point is the x—axis of user frame.
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w

Orient Origin Point X Direction Point

17 Press and hold the SHIFT key and press F5 RECORD to record the data of current position as the X
Direction Point.  As for the taught X Direction Point, RECORED is displayed.

TESTZ LINE 3 TZ PAUSED

SETUP Frames

User Frame Four Point 3/5
Frame Number: 1
X: 0.0 Y: 0.0 Z: 0.0
Ww: 0.0 P: 0.0 R: 0.0
Comment : FIXTURE1l
Orient Origin Point: RECORDED
X Direction Point: RECORDED
Y Direction Point: UNINIT
System Origin: UNINIT
Point Recorded
[ TYEFE ] | [METHOD ] | FRAME | MOVE _TO | RECORD |

18 Move the cursor to the [Y Direction Point].
19 Jog the robot and touch up the Y Direction Point with the pointer tool. If the Y Direction Point is

taught up, the XY plane of frame will be set.
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: N J}u

Y Direction Point

20 Press and hold the SHIFT key and press F5 RECORD to record the data of current position as the Y
Direction Point.  As for the taught Y Direction Point, RECORED is displayed.

e[RRI eSiel
[ G
Fun

SETUP Frames

TE3TZ LINE 4 TZ FPAUIED

User Frame Four Point 4/5
Frame Number: 1

X 0.0 Y. 0.0 Z: 0.0

W: 0.0 P: 0.0 R: 0.0

Comment : FIXTURE1l

Orient Origin Point: RECORDED

X Direction Point: RECORDED
Direction Point: RECORDED

System Origin: UNINIT

Point Recorded

[ TYEE ] | [METHOD ] | FRAME | MOVE TO | RECORD |

21 Jog the robot and touch up the System Origin with the pointer tool.
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System Origin

22 Press and hold the SHIFT key and press F5 RECORD to record the data of current position as the
System Origin.  When all the reference points are taught, USED is displayed. The user frame has

been set.

SETUP Frames

User Frame Four Point 5/5
Frame Number: 1
X: 1682.4 Y: -1.9 Z: -255.5
W: -0.0 P: 0.0 R: 0.0
Comment : FIXTURE1
Orient Origin Point: USED
X Direction Point: USED
Y Direction Point: USED
System Origin: USED
New position calculated
[ TYEE ] | [METHOD] FRAME MOVE TO | BECORD |

23 Todisplay the user frame list screen, press the PREV key.
24  Press F5 SETIND and select the set user frame number as an effective user frame now.

5.1.2

This subsection explains a tool frame setting on the TCP of the gripper mounted on the robot.

Setting the Tool Frame with a Pointer Tool
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—

tool frame

foed pointer tool
.

After the pointer for touch-up is secured to a secured stand, select "Tool Frame Setup / Six Point(XZ)",
and teach the six points shown in the figure below by touch-up operation. The position of fixed pointer
is arbitrarily. A target fixture as shown in the figure below is provided and is installed to the gripper of
the robot.  Then, be sure that the origin of the target corresponds to the TCP of the gripper of the robot.

Gripper

Target

Touch up point(=TCP of the gripper)

Press the MENU key. The screen menu is displayed.

Select [6 SETUP]

Press the F1L [TYPE]. The screen change menu is displayed.
Select [Frames].

Press F3 [OTHER].

Select [Tool Frame].  Tool frame list screen is displayed.

OOk, WN R
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_1_--.- 3’5 ”::0 }-jf ;zlc” T2 g 100%
Tool Frame / 8ix Point(XZ) 1/10
X Y zZ Comment

ij o.o0 0.0 0.0 [HAND 1
2 0.0 0.0 0.0 [Ecat2 1
3 0.0 0.0 0.0 [Ecat3 1
4 0.0 0.0 0.0 [Ecat4 1
5 0.0 0.0 0.0 [Ecath 1
6 0.0 0.0 0.0 [Ecaté 1
7 0.0 0.0 0.0 [Ecat? 1
8 0.0 0.0 0.0 [Eocats8 1
9 0.0 0.0 0.0 [Ecat? 1

10 0.0 0.0 0.0 [Eocatlo0 1

Active TOOL $MNUTOOLNUM[1] = 1
[ TYEE ] | DETATL | [OTHER ] | CLEAR | SETIND |

7 Move the cursor to the list of the tool frame number you want to set.
8 Press F2 DETAIL. The tool frame setup screen of the selected frame number is displayed.

Step Hold Fault
2:1:;n| ~ | ‘ 2k
SETUP Frames
Tool Frame Direct Entry 1/7
Frame Number: 1
1 Comment: [HEEEEELE
2 X: 0.000
g Ve 0.000
4 Z: 0.000
5 W: 0.000
6 P: 0.000
7 R: 0.000
Configuration: NDB, 0, 0, O
[ TYPE ] | [METHOD] | FRAME I | |

9  Press F2 [METHOD].

10 Select the [Six Point(XZ)].

11 It recommends inputting a comment, in order to make it easy to distinguish from other tool frame
numbers.

12 Move the cursor to the [Approach point1].

13 Jog the robot and touch up the Approach pointl with the pointer tool.
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Approach pointl

K-

14 Press and hold the SHIFT key and press F5 RECORD to record the data of current position as the
Approach pointl. As for the taught Approach pointl, RECORED is displayed.

Bun Prod
SETUP Frames
Tool Frame Six Point (X2Z) 2/7
Frame Number: 1
X: 0.0 Y: 0.0 Z: 0.0
W: 0.0 P: 0.0 R: 0.0
Comment: HAND
Approach point 1: [RECORDED
Approach point 2: UNINIT
Approach point 3: UNINIT
Orient Origin Point: UNINIT
X Direction Point: UNINIT
Z Direction Point: UNINIT

Point Recorded

[ TYEE ] | [METHOD] | FRAME | MOVE_TO | RECORD |

15 Move the cursor to the [Approach point 2].

16 Jog the robot and touch up the Approach point2 with the pointer tool. The position of Approach
Point 2 is same position as the Approach Point 1. However, the posture of Approach Point 2 is
different from posture of Approach Point 1.
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Approach point2

17 Press and hold the SHIFT key and press F5 RECORD to record the data of current position as the
Approach Point2.  As for the taught Approach point2, RECORED is displayed.

Bun Prod
SETUP Frames
Tool Frame Six Point (XZ) 3/7
Frame Number: 1
X: 0.0 Y: 0.0 Z: 0.0
W: 0.0 P: 0.0 R: 0.0
Comment: HAND
Approach point 1: RECORDED
Approach point 2: [RECORDED
Approach point 3: UNINIT
Orient Origin Point: UNINIT
X Direction Point: UNINIT
Z Direction Point: UNINIT
Point Recorded
[ TYEE ] | [METHOD] | FRAME | MOVE_TO | RECORD |

18 Move the cursor to the [Approach Point3].

19 Jog the robot and touch up the Approach point3 with the pointer tool. The position of Approach
Point3 is same position as the Approach Point 1 and the Approach Point2. However, the posture of
the Approach Point3 is different from posture of Approach Pointl and Approach Point2.
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Approach point3

20 Press and hold the SHIFT key and press F5 RECORD to record the data of current position as the
Approach Point3.  As for the taught Approach point3, RECORED is displayed.

Run Prod
SETUP Frames
Tool Frame

Frame Number: 1

8ix Point (XZ) a/7

X: 0.0 Y: 0.0 Z: 0.0
W: 0.0 P: 0.0 R: 0.0
Comment: HAND
Approach point 1: RECORDED
Approach point 2: RECORDED

Approach point 3: [RECORDED

Orient Origin Point: UNINIT

X Direction Point: UNINIT

Z Direction Point: UNINIT
[ TYEE ] | [METHOD] | FREME. | MOVE_TO | RECORD |

21 Move the cursor of the [Orient Origin Point].

22 The position and posture of Orient Origin Point is same position and posture as the Approach Point3.
Press and hold the SHIFT key and press F5 RECORD to record the data of current position as the
Orient Origin Point.  As for the taught Orient Origin Point, RECORED is displayed.
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SETUP Frames
Tool Frame Six Point (X2)
Frame Number: 1
X: 0.0 Y: 0.0 Z: 0.0
W: 0.0 P: 0.0 R: 0.0
Comment: HAND
Approach point 1: RECORDED
Approach point 2: RECORDED
Approach point 3: RECORDED
Orient Origin Point: iHeeiziniH]
X Direction Point: UNINIT
Z Direction Point: UNINIT
Point Recorded
[ TYPE ] | [METHOD] | FREME | MDVE_TO | RECORD |

23 Move the cursor of the [X Direction Point].

24 Jog the robot to a position in the positive direction of the X-axis parallel to the tool frame.
move the robot using Cartesian or tool jog so that the posture of the robot does not change.

1% X Direction Point

of the tool frame

User frame which is parallel to the tool frame

X

Jog the robot in the positive X-axis direction

Then

25 Press and hold the SHIFT key and press F5 RECORD to record the data of current position as the X

Direction Point.  As for the taught X Direction Point, RECORED is displayed.
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SETUP Frames

Tool Frame Six Point (XZ)
Frame Number: 1
X: 0.0 Y: 0.0 Z: 0.0
W: 0.0 P: 0.0 R: 0.0
Comment: HAND
Approach point 1: RECORDED
Approach point 2: RECORDED
Approach point 3: RECORDED
Orient Origin Point: RECORDED
Direction Point: [RECORDED
Z Direction Point: UNINIT
Point Recorded
[ TYEE ] | [METHOD] | FRBME | HDV'E_TO | RECCRD |

26 Move the cursor of the [Z Direction Point].
27 Jog the robot to a position in the positive direction of the Z-axis parallel to the tool frame. Then
move the robot using Cartesian or tool jog so that the posture of the robot does not change.

Z Direction Point

Jog the robot in the positive Z-axis direction
of the tool frame

Orient Origin
Point

Z A

User frame which is pallarel to the tool frame

X

28 Press and hold the SHIFT key and press F5 RECORD to record the data of current position as the X
Direction Point.  As for the taught X Direction Point, RECORED is displayed.
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Step Rold Fault

.... ) TCye T2 g 100%
SETUP Frames 1
Tool Frame Six Point (XZ) 7/7
Frame Number: 1
X: 0.0 Y: 0.0 Z: 936.2
W: 180.0 P: 0.0 R: 0.0
Comment: HAND
Approach point 1: USED
Approach point 2: USED
Approach point 3: USED
Orient Origin Point: USED
X Direction Point: USED
Z Direction Point: SED
[ TYEE ] | [METHOD] | FREME | MOVE_TO | RECCRD |

29 Check the TCP is set accuracy. Press F5 SETIND and select the set tool frame number as an
effective tool frame now.

30 Jog the robot and touch up the center of the target with the pointer.

31

Jog the robot around the center of the target and change the posture (w, p, r) of the target.

If tool

frame is set accuracy, the tip of fixed pointer always points to the center of the target.

5.2
FUNCTION

FRAME SETTING WITH THE GRID FRAME SETTING

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.

1 TN R
ooooDeoooo
‘X XXY XX
000000

=.
Q
S

000000000

- 117 -



5.FRAME SETUP REFERENCE B-83304EN-5/04

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.

/A CAUTION
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.

5.2.1 Setup Procedures

Use the following setup procedures for the Grid Frame Setting Function.

1. Mounting the calibration grid

2. Camera data creation and teaching

3. Setting the parameters

gs

4. Run Measurement

5.2.1.1 Mounting the calibration grid

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. When use a robot-mounted camera, the Grid Frame Setting Function can be
performed with the camera currently used. When use a fixed camera, prepare another camera for the
Grid Frame Setting Function separately. Then, perform the Grid Frame Setting Function using the
camera attached to the arbitrary positions of the robot end of arm tooling.

-118 -



B-83304EN-5/04 5.FRAME SETUP REFERENCE

Robot mounted-camera

User frame

Calibration gri

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.
The Grid Frame Setting Function can be performed with the camera currently used. When there is not
sufficient space to perform Grid Frame Setting Function with the camera currently used, prepare another
fixed camera and Grid Frame Setting Function can be performed.

Camera

~1

Tool frame
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Make sure that the calibration grid is fixed securely so that it does not move during measurement.

NOTE

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.

5.2.1.2 Camera data creation and teaching

With iRVision, items such as a camera type and camera installation method are set in camera setup data.
Whether to install a camera on the robot or on a fixed stand is set in the camera setting data. When
using a robot-mounted camera, be sure to check this item. When using a fixed camera, do not check

"Robot-Mounted Camera".

Busy Step Hold Fault
(5]
fun == I/0 Prod Teyo MAIN LINE O TZ ABORTED

iR¥ision Setup Main - CAM

Press the F2 LIVE button. In addition, adjust
Check this item

a diaphragm and a focus of a lens.

@ Zoom: [33.3% v D:C| _ Analog Camera
Port Murnber: 1w
Camera Type: SONY KC-56 W
Def. Exposure Time: 10,000 ms &l vlalﬁl
Robot-Mounted Ca
o o 0 0 0 & 0 | Robot Haolding Cam.: Robot % | zrgup |1 %
> & ® © & o & @ | FCamera Parameters
Image Size: 6403480 pix
) ® © & 0 0 & CCD Vertical Spacing:| 7.400 microns
oo 0o o o o Aspect Ratio: 1.00000
Min. Exposure Time: | 0,040 ms
¢ o0 . . . ® o Max. Exposure Timme: [ 250,000 ms
® 0 o0 0 0 0 0

[TvPE] | LIVE , | SHAP | FIMD | END EDIT

Press the F2 LIVE button, and adjust the aperture and a focus of a lens.

5.2.1.3 Setting the parameters

Move to the UTILITY MENU page in the following procedures.

1  Press the MENU key on teach pendant, and select the [5 Vision Utility] in the [8 iRVision].
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Busy step Hold | Faulc

10%

JOBZ LINE 0 TZ ABORTED [RUlsishfy

(]
Fun =2 140 Prod TCyc

iRVision Utilities

2/3
1l Robot Generated Grid Calib
vl Automatic Grid Frame Set
3 Vision Log Menu

[ TYEE ] | | DETAIL | | |

2 If you select the [Automatic Grid Frame Set] on the iRVision utility menu, a menu like the one
shown below appears.

Busy step Hold Fault

10%

] m—
el = Frod Toye JOBZ LINE O TZ ABORTED [Rileiuny

iRVision Utilities

Grid Frame Set 1/12
1 Robot Group Number to Use:
2 Set UFrame or UTool?: UFRAME
3 User Frame Number to set: 1
4 Camera User Tool Number: 1
5 Camera Name: % v e 3 J % % %
6 Exposure Time: 15.00 ms
7 Grid Spacing: 15.0 mm
8 Start Position: Not Recorded
9 R Angle Limit: 45.0 deg
10 W Angle Limit: 30.0 deg
[ T¥FE ] DIZP IME LIVE FIND EXECUTE >

/A CAUTION
The Grid Frame Set menu cannot be opened in more than one window at a time.

Robot Group Number to Use
Specify the group number of the robot to be used for measurement.

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.

User Frame Number to set
Specify the number of the user frame to be set. This parameter is used only when [UFRAME] is
selected for the [Set UFrame or UTool?]. The range of specifiable user frame numbers is 1 to 9.
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Tool Frame Number to set

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 humbers
is 1 to 10.

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.

F2 DISP_IMG

Pressing F2 DISP IMG provides a double-window display, with the vision runtime display (camera
image) shown on the right side.

Grid Frame Zet

1 Fobot Group Mumber to Use:
2 Set UFrame or UTool?: TTO0L
3 Tool Frame Humber to set: 1

Camera Tser Tool Mumber: W
4 Camera Name: CaM
5 Exposure Time: 15.00 ms
& Grid Spacing: 15.0 um
7 Start Position: Hot Recorded
8 R Angle Limit: 45.0 deg
9 W ingle Limit: 30.0 deg
10 P Angle Limit: 30.0 deg
11 2 Move Dist. Limit: 50.0 mm

._l [ TYPE ] | DISP IMG | LIVE | FIND | EZECUTE > I

F3 LIVE
Pressing F3 LIVE displays the live image of the selected camera on the vision runtime display, as the F3
label changes to "STOP LIVE". If you press F3 STOP LIVE, 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.

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.

-122 -



B-83304EN-5/04 5.FRAME SETUP REFERENCE

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].

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.

/A CAUTION
The entire of the grid pattern does not need to be within the camera field of view.

If the area that is captured the grid pattern on the image is small, the accuracy of
the calibration is low. Please set the [Start Position] so that the grid pattern is
captured on the entire image.

Camera field of view

g

3  Press SHIFT and F4 RECORD 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.

Busy Step Haold Fault @
B & 1.0 el TCyc INIPOS LINE 0 TZ AEBCRTED QReguid 5’0
iRVision Utilities
Grid Frame Set
Start position

Jl: 8.212 deg J4: 3.262 deg

J2: -24.595 deg J5: -73.266 deg

J3: 2.735 deg J6: -13.222 deg

[ TYEE ] | | | RECORD | MOVE TO |

To move the robot to the start position, press SHIFT and F5 MOVE TO at the same time.
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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], [P Angle Limit], and [Z
Move Dist. 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 F7 DEFAULT, the set values are initialized. Note that the [Camera Name] and the [Start
Position] are not initialized; set these parameters again individually.

5.2.1.4 Run measurement

Pressing SHIFT and F5 EXECUTE at the same time starts measurement, causing the robot to start
moving. During execution watch image display and verify that there are no improperly found
calibration grid circles.

iRViszion Utilities
Grid Frame Zet

Now executing
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/A CAUTION

1 Releasing SHIFT while measurement is in progress stops the measurement. In
that case, perform the measurement again. You can resume the measurement
from where stopped.

2 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. You
can resume the measurement from where stopped.

3 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.

4 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.

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.

Busy Step Hold Fault

) GFRM
Bn e 140 el TCyc INIFPOS LINE 0 T2 ABORTED [Eiemic

iRVision Utilities O] iR¥izion Puntime Display
Grid Frame 3et

Execution of Grid Frame Set
succeeded.

Frames updated. r ------------
© 0092 0© Q0 O
© 00060000
oceooo0oo0®o
o ooceo0oo0o@®o
ecocoo@@e
oo c o0 09000
©e 000000
©co0 0000
o oo0eoo0o0o0

| W | | E

NOTE
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 "Setting the Parameters" in the Subsection 5.2.1.3.
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.
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If the measurement 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 the beginning. If the Grid Frame Set does not operate as expected, see Chapter 11
"Troubleshooting".

v | O R

=
| Prod

CVIS-0Z0 Big circles cannot be distingui
INIPOS LINE O T2 ABORTED

Fun

2ion Utilities 0| iF¥izion Funtime Display

Grid Frame Zet

Execution of Grid Frame Set
was ahorted.

Pleaze fix the problem and run
Grid frame Set again.

| B o I
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6 CAMERA CALIBRATION REFERENCE

This chapter explains the setting procedures of camera calibration. The following items are explained in
this chapter.

*  Robot-generated Grid Calibration
*  3DL Calibration

6.1 ROBOT-GENERATED GRID CALIBRATION

Robot-Generated Grid Calibration is a type of general-purpose camera calibration function. 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. 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. When performing the calibration of the fixed camera, the Robot-generated
Grid Calibration can be used. When using a robot-mounted camera, the Robot-generated Grid
Calibration cannot be used. When using a robot-mounted camera, perform the Grid Pattern Calibration
for a camera calibration.

Fixed camera

The setup procedures of the [Robot-Generated Grid Calibration] are as follows.
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1 Selecting and mounting the target

-

2 Setting the calibration data

-

3 Measuring position of the target

-

4 Generating calibration program

-

5 Executing calibration program

-

6 Checking the calibration data

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. In this case, the re-calibration can execute by performing only
the procedure 5 "Executing calibration program". When the 3D Area Sensor is used, it is necessary to
perform "2 Setting the calibration data ", "4 Generating calibration program.", "5 Executing calibration
program." and "6 Checking the calibration data" for each camera.

6.1.1 Selecting and Mounting the Target

Select the target make to be used for calibration.

Geometry of the target
The target must meet the following conditions:
*  The features to be taught are on the same one plane.
»  The target has a geometry for which any rotation of (1457 or so can be identified.
»  The target has a geometry whose size can be identified.

Examples of appropriate target geometries:

Examples of inappropriate geometries:

The rotation angle cannot be identified. The size cannot be identified.
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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.

NOTE

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.

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.

6.1.2 Setting the Calibration Data

Visit the Vision Setup screen, create a Robot-Generated Grid Calibration Tool and teach some parameters
necessary prior to the execution. If you open the Robot-Generated Grid Calibration setup page, a page
like the one shown below appears.

Busy Step Hold Fault

10%

JOE LINE 0 T2 AEORTED

]
Fun [EEREAD Prod TCyc

iRVision Setup Main - CALIB

@ Image I[I=_:=
=] @) zoom: [s0%] ([ Setup
Application Frame: User Frame: (0™
Camera:
Mot Selected w

Image Logaging Mode: |Log Failed Images %

Flane spacing: I 100.0/ mm

Initial positian: Record

J1; wEEwwEss Ja: Bk
J4, memmwem— J5: J6:

I LIVE SNAP N END EDIT >

-129 -



6.CAMERA CALIBRATION REFERENCE B-83304EN-5/04

Set the [Application Frame number], the [Camera], the [Exposure Time], the [Plane Spacing] and the
[Initial position].

ey R R [
o

Fun

JOE LINE 0 T2z ABORTED [Rueiskfs

iRVision Setup Main - CALIB Select an application frame number

@ Image t=__= |28 Robot-Generated Grid Cal. Tool

@ ﬁ| @l Zoom: |33.3% ¢ D:(:|

Setup

Select a camera data Application Frame: User Frame:
Camera: Trained
oy . 5

E re Time:

. E oy ———[MOIG Exposures:
Set the Exposure Time [ .** b Exnnelire Ar
i Multi Exposure Area:
i .
11k Multi Exposure Mode:
U Multi Exposure Mode:
- I Image Logging Mode:
i Flane spacing:
|

Initial position:

e
J1: 0, J12: -6.627 13 -4,
o T 0.000 J5: -49.035 J6: 0.00
Set the Plane spacing /

| Set the Initial position |
| | LIVE | SNAP | FINE T T =

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.

Initial position
Specify 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 frame, while maintaining the posture of the start position. Jog
the robot to a place that is appropriate as the start position, and tap the [RECORD] button.

Camera

Measurement start position

Second calibration plane

/

Plane spacing

! " First calibration plane
Target
[ R
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GPM Locator Tool Setup Page
Select the "GPM Locator Tool" on the tree view, and teach the model pattern. ~ After moving the robot to
the recorded start position, teach the model.

|E» GPM Locator Tool 1

Original Image »

Input Image:

Teach the model pattern of the target e )
Set Org
Cen Org
Check the Training Stability piTraining Stability: loc. 3 Ang. 3 Sca. G
Training Mask: Enable T Edit
Emphasis Area: Enable [ Edit
Model Crigin Bias: Mone Set
Model ID: 1
Score Threshold: m %a
Contrast Threshold: I—EIII ¥| Vl Al ﬁl
Area Overlap: m %a
Elasticity: |—15 pix
A Score Threshold: IT Yo
Allow Floating EA: |
Ignore Polarity: I
Speed Priority Mode: [
Search Window: (0,0) 480 =640 Set
Run-Time Mask: Enable T Edit
Farent Tool Ref, Posg,; ([F5%F, =% swese swwsog
DOF Epgble Mom. Min. Max.
Orientation: (Y | 00| 300 300 e
Check the Enable Scale: | | 1000 esol| 1200 %
Aspect: Wj | w00/ 00| 1000 %
Time-out: - IW s
Flot Mode: Flot Everything V|
Image Display Mode: |Fattern »
Show Almost Found: [

Verify the [Training Stability] 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.

By default, the range of [Angle] is set to be searched to £30° and the range of [Scale] is set to be searched
to 95% to 120% and the range of [Aspect Ratio] is set to be searched to 90% to 100%. Usually, you
don't have to change these parameters. Please adjust these parameters if necessary.
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NOTE

When training the model pattern, the rectangle 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.

Set up the calibration data.

Move to the UTILITY MENU page in the following procedures.
1 Press the MENU key on teach pendant, and select the "5 Vision Utilities" in the "8 iR Vision".

Eusy Step

Hold

Fault

]
Fun =

Prod

TCyc

JOE LINE 8

iRVision Utilities

TZ

10%

PAUZED

1/3

ilRobot Generated Grid Calib

2 Automatic Grid Frame Set
3 Vision Log Menu

[ T¥FE ] |

DETAIL |

Visit the [Robot-Generated Grid Calibration] in the Vision Utility screen, and select the camera
calibration data that you just created in [1 Calibration Data].

Busy Step

Hold

Fault

]
Pun &% I/0

iRVision

Prod

TCyc

Utilities

JOE LINE 82

TZ

10%

PATIZED

Robot-Generated Grid Calibration 1/3

1 Calibration Data
2 Target Position
3 Program Generation

CALIB

Not Recorded

[ TYFE ]

DISE IMG

DETAIL
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6.1.3 Measuring Target Position

Measures the position of the target mounted on the robot end of arm tooling.

6-axis robot
A 6-axis robot can measure the position of robot-mounted target mark by vision. A robot measures the
target by changing the position and posture of the target as shown below.

Camera

The target location is measured as the following procedures.

1 Verify whether the calibration data which is selected [1 Calibration Data] is proper.

2 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. Select the [UTool
for work space].
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Busy Step Hold Fault

TZ

JOE LINE 82

@]
— I/0 Prod TCyc

Utilities

Fun

iRVision

10%

PAUTSED

Robot-Generated Grid Calibration 1/8
1 Camera Calibration
Camera CAM
Robot-mounted NO
2 Application UFrame 0
3 Plane Spacing [mm] 100.000
4 Start Position Recorded
& UTool for WO@: 9
6 Num. Of Grid (Col.) 7
7 Num. Of Grid (Row) 7
8 Program Name CALIB
[ TYEE ] | | | [CHOICE] | |

/N\ CAUTION
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.
3 Place the cursor on [2 Target Position].
4  Enable the teach pendant, and reset the alarm.
5 Press SHIFT + F5 RUN to start the measurement. Keep holding down SHIFT while the
measurement is in progress.
@Busy Step | ||Target Position Zetup : 6510
@ g = /0| prea | 00 ||| JOB LINE 0 TZ ABORTED 15%
iRVizion Utilitcies [l | iFVizion Puntime Display g
Robot-Generated Grid Calibration
Now measuring target position...
Py CofC mmmm T35S gy
e T mmam :::.: .I.
RIICECCT e
RIS 111000 0
RIS 11000 A
[ |||! | | !||| 1
TR~
o ?iT-.'f i1
UL : Sn
BILLLLL | LI
LI L 1 LI
BILLLLL 11103
T 101l
T i — fmm —— wa
LUt === ZTTS M
-\
. D
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6  When the measurement is complete, the robot stops and the message "Measurement is successfully
finished." appears on the screen.

7  Release the SHIFT button and press F4 OK button.

8  Check that "2 Target Position" becomes "Recorded".

Step Hold v | Target Position 500.395 -.03 132.54

Q
Pun B2 140 Prod TCye JOE LINE 0 TZ AEBORTED

Busy

15%

iRVision Utilities
Robot-Generated Grid Calibration 2/3

1l Calibration Data : CALIB

2 Target Position :

3 Program Generation

[ T¥PE ] DISFP IME POSITION RUN

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 on the procedure
number 5. To resume the measurement, press SHIFT + F4 RESUME. To restart the measurement
from the beginning, press SHIFT + F5 RESTART.

/A\ CAUTION
If the camera calibration setup page is opened in the Vision Setup screen,
Robot-Generated Grid Calibration cannot perform the measurement. Make
sure that the setup page is closed. You can see the status of the measurement
on the Vision Runtime screen.

NOTE
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 the target position by the same steps as a 4-axis 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 [2 Target Position], and press F3 POSITION to visit the target position menu.
Calculate the model origin position of the target that relative to the robot mechanical interface frame
with the tool plan. Then, input X, Y and Z as the position of the target mark. Input W, P and R to
Zero.
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Eusy itep Hold Fault
(5]
Fun  #= T/0 Prod TCyo JOBE LINE 0 TZ AEBORTED

15%

iRVision Utilities
Robot-Generated Grid Calibration 1/3

Measured Target Position

IRl > * ¥ d % % % % W: kdkdkokdkdokk

Y kkkkkkkk P: *kkkkdkkxk
T kkkkkkkik R: *%xkkkkkx

] | | | |

/A CAUTION
The target position should correspond to the model origin trained in section in
6.1.2. If the positions are different, the camera cannot be calibrated properly.

6.1.4 Generating Calibration Program

A robot measures the size of field of view while changes the target position as shown below, and
generates a robot program for camera calibration.

Camera

1 Verify whether the calibration data which is selected [1 Calibration Data] is proper.
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2 Verify whether [2 Target Position] is RECORDED.

3 Place the cursor on [3 Program Generation].
4  Enable the teach pendant, and reset the alarm.

JOE LINE O

TEF Frogram Generation :

TZ

ABORTED

iRWision Utilities
Robot-Generated Grid Calibration

Now measuring target position...

-
-

—_———
A ———— mmas ———— &

COCC mwme
T e

————

|

5  Press SHIFT + F5 RUN to start the program generation.

measurement is in progress.

Keep holding down SHIFT while the

6  When the measurement is complete, the robot stops and the message "Measurement is successfully

finished. " appears on the screen.
7  Press F4 OK.

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 on the procedure number 5.

To resume

the process, press SHIFT + F4 RESUME. To restart the process from the beginning, press SHIFT + F5

RESTART.

/A CAUTION

If the camera calibration setup page is opened in the Vision Setup screen,
Robot-Generated Grid Calibration cannot perform the measurement.
Make sure that the setup page is closed.

You can see the status of the measurement on the Vision Runtime screen.

The way to limit the target displacement range
In order to avoid the interference with peripheral equipment, you can limit the target displacement range.

Press F10 SAVE to save the camera calibration.
Press F5 END EDIT to close the setup page.

DR~ W -

again.
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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.

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] 1000mm/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] 1000mm/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
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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
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.

6.1.5 Executing Calibration Program

Select the generated calibration program in the SELECT menu, and play it back from the first line to
calibrate the camera. A robot moves the target as shown below.

/A 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.
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Each calibration point in the 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.

/\ 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 in the Vision Setup screen and
check to see if there is any point incorrectly found.

NOTE
As long as the position where the target is mounted remains unchanged, you
can re-calibrate the camera simply by executing the generated calibration
program.

After executing the calibration program to the last, camera calibration is complete. Please verify the
calibration points and the calibration results.

6.1.6 Camera Calibration Data Checking

The following figure is camera calibration screen. Check that the calculated focal distance and the
position of fixed camera relative to application frame are correct.

Busy Jtep Hold Fault

[w]
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The Points in the calibration page are shown below. 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 tap the [Delete] button.

I -_|-
o
LT

B CALTE LIME 0O

iRVision Setup Main - CALIB

Imano

B q Check the calibration points

# wt|  Hel x|
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Enter the index number of error point —|
‘ Tap the “Delete” button

| | LIVE | SNAP | NG I END EDIT | >

6.2 3DL CALIBRATION

The 3DL Calibration is the standard method to calibrate the 3D Laser Sensor. A fixture called the
calibration grid is used to calibrate the 3D Laser Sensor. Prepare a calibration grid beforehand.
Usually, prepare a calibration grid which is the bigger than a field of view. A standard calibration grid
is available from FANUC in several sizes. It is strongly recommended that you order a calibration grid
as well as a camera and lens.

It is not necessary to detect all the dots on the calibration grid. There are 11 X 11 dots in the standard
calibration grid of FANUC. If 7 X 7 dots are detected, the camera calibration is performed with
sufficient accuracy. (The four big dots need to be detected.) In order to show all the dots in field of view,
it is not necessary to prepare a small calibration grid. In order to perform a calibration with accuracy
sufficient to the edge of the field of view, even if the number of detectable dots became fewer, prepare the
bigger calibration grid than a field of view.

In this section, the setup procedures of the 3D Laser Sensor mounted on the robot arm tooling is
explained.
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1. Application frame setting

Il

2. Camera setting data creation and teaching

iyt

3. Calibration grid frame setting

iyt

4. Camera calibration data creation and teaching

1

5. Camera calibration data checking

6.2.1

Application Frame Setting

An application frame is the robot's user frame to be used for camera calibration.
number is set in subsection 6.2.4, "Camera Calibration Data Creation and Teaching".
In almost all cases, it is change needlessness.

value, the user frame number 0 is chosen.

6.2.2

Camera Setting Data Creation and Teaching

The application frame
As for the initial

With iRVision, items such as a camera type and camera installation method are set in camera setup tool.

Whether to install a camera on the robot or on a fixed stand is set in the camera setup tool.

a camera mounted on the robot arm tooling, check "Robot-Mounted Camera".

When using
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6.2.3 Calibration Grid Frame Setting

Teach the calibration grid location in a user frame. To perform calibration by setting the calibration grid
that is fixed, teach a user frame to the grid. There are two methods to teach the user frame, one is
touch-up with the pointer tool, and another is the Automatic Grid Frame Setting Function, but the
Automatic Grid Frame Setting Function is recommended. Note that the frame used for the calibration
grid setup might differ from "application frame" and "offset frame".

Touch-up
To set up by touch-up, a pointer tool with a taught TCP is required. In general, set the TCP accurately
on the pointer installed on the robot gripper. If the accuracy of this TCP setting is low, the precision in
handling of a part by the robot is also degraded, especially when the part is rotated. Set a robot TCP in
an arbitrary tool frame. To reuse the pointer TCP, the reproducibility of pointer installation is required.
If the reproducibility of pointer installation is not assured, a TCP needs to be set each time a pointer is
installed. For details, see Section 5.1.1, "Setting the User Frame with a Pointer Tool ".

Grid Frame Setting Function

The Grid Frame Setting Function sets the calibration grid frame using a camera. Install a calibration
grid so that the XY plane of the calibration grid is parallel with the plane on which the part moves, and
perform the Grid Frame Setting Function. For details, see Section 5.2, "FRAME SETTING WITH THE
GRID FRAME SETTING FUNCTION". In the case of a camera mounted on the robot arm tooling,
perform the Grid Frame Setting Function using the camera. And perform the Grid Frame Setting
Function using another camera attached to the arbitrary positions of a robot's hand if there is no space for
the Grid Frame Setting Function. In addition, 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. When using 4-axis
robots or 5-axis robots, set the calibration grid frame by touch-up.

6.2.4 Camera Calibration Data Creation and Teaching

For a robot-mounted camera, perform 2-plane calibration by moving the robot end of arm tooling up and
down as shown in the figure below. For calibration, the appropriate distances between the 3D Laser
Vision Sensor and calibration grid are near 350mm and 450mm (near 550mm and 650mm if the standoff
of the 3D laser sensor is 600mm). When the calibration grid is detected with the robot and is made to
have the same posture as it does when the part is detected, the precision is increased.

1st detection
450 mm(650 mm)

| 2nd detection
350 mm(550 mm)

A

Calibration grid
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After one set of calibration tool is created with 3DL vision calibration, another set of calibration tool does
not need to be created even after the camera measurement position is changed. This is because iRVision

uses the current robot position when calculating the position of the part.

The teach screen for 3DL calibration is shown below. A calibration grid image is displayed.

Hold

[ ran [N

iRVision Setup Main - CALIB1

MAIN LINE O T2 ABORTED

Setup
Robot to be offset: This Robot ¥ | Grayp (1 ¥ 4]
Application Frame: User Frame: |9 ™
Camera: Trained
e 000000 0 CAMERAL hs
s e e e e e e e e Exposure Time: | 12,000 ms ¥|v| a4
y 00000 00 @ ( LaserExposureTime:l 1.000 ms ¥|v|a]&
i ing: I .0 mm
s e 0 @ . oo 0 0 ¢ Grid spacing 15.0
©00000@ ¢ o ¢ Number of Planes:
Robot-Held Cal. Grid: Mo
L BN BN BN BN BN BN BN BN BN |
'9 0 0000000 01 Cal. Grid Frame: UF [2 1%
Projection: Perspective
Override Focal Dist.:  No
Min. Laser Contrast | 50 —
Min. Num Laser Points I S0
Max. Line Fit Error I 1.5 pix =
[TYPE] | LIVE | SNAP | FIND | END EDIT | =

Select the number of the “user frame” set as the
“application frame” in [User Framel.

Enter [Exposure Time] to be applied for grid
detection.

Enter [Laser Exposure Time] to be applied for
laser measurement.

Enter [Grid Spacing] between grid points on the
calibration grid.

Select [No] if the calibration grid is a fixed
position.

Select the number of the “user frame” in which
“calibration grid frame” is set in [User Frame],
then click the [Set] button.

Move the camera from the calibration grid by a
proper distance, then click the [Find] button for
[1st Planel.

Change the distance between the camera and
calibration grid, then click the [Find] button for
[2nd Planel.

v
Im ms ¥|w Al ﬁl
Laser Expasure Tim IW ms ¥|w hl ﬁl
Grid spacing: — m e
Murnber of Planes:
Robot-Held Cal, Grids (Mo v
Cal. Grid Frame: UF [2 » I
Project|ose F'erspecti.\—'e
—~tOverride Focal Dist.:  No
~#dn, Laser Contrast |_El:l
Min. Nurn Points |_5El
Max. Line Fit Error
—Fixture THY Set
1st Plane Found Find
znd Plane Found __—— | Find
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/\ CAUTION

Then click the [Set] button for the calibr

When recalibrating a camera, if you change the position of the calibration grid,
set the user frame of the calibration grid frame again.

ation grid frame and recalculate it.

6.2.5

Camera Calibration Data Checking

Check that the calculated focal distance and the

The following figure is camera calibration screen.
position of fixed camera relative to application frame are correct.

The Points in the calibration page are shown below.

]
Busy Step Hold | Fault
o || rioc JOBE LINE O T1 ABORTED
iR¥ision Setup Main - CALIB
E E @ j Zoom: |50% ¥ Jm 8% 3DL calibration Tool
Data
Focal Distance: 11,329 mm =
Lens Distartion: 0.00062
P © ® @ © © © & ¢ 0 o Magnification: 0.316 mrm/pix
b e o e o o @ Image Center: (240,9, 319.1) pix
® e 00 CCD Vertical Spacing: 10.60 ricrons
b oo o o @ o 0 @ @ @ |[ispecthaton 1.00
b e o e Mean error value: 1,115 pix
e . ® o 0 00 Maxirmurn error value: 2,363 pix
b ® @ o o @ —Position of Camera Relative to Cal, Grid
. ° ¢ e o0 i 4.7 A -19.0 21 364.4
P © & © & © o o ¢ o o W 21 P S6 R 0.1 —
—Laserl Plane Relative to Calibration Grid
PO oo o000 00 00 Px: -1L6 Py: 00 Pz 00
P @ @ T EEEEENE Vi 0712 Wy: 0693 Ve 0,103
—Laser2 Plane Relative to Calibration Grid
P 14.3 Py 0.0 Pz: 0.0
Wi 0685 My 0669 Vai o 0.288
—Position of Cal. Grid Relative to App, UFrame — %
[ TYPE ] | LIVE | SHAP END ECIT | =

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 tap the [Delete] button.

Eusy Srep Hold

2 10

iR¥ision Setup Main

&l %6 8] _~

JOBE LINE O T1 ABCRTED

- CALIB

iy
LR

v v v v W W W
am
e
i
¥

[ TrPE 1

Flane # 2w

#] vt Hz A i z[  En|a

59 3310 5137 -150 -60.0 1000 0.207 ] |

56 3301 3416 -150 -150 1000 0.234

49 2738 5145 -0.0 -60.0 1000 0278

28 1581  453.68 300 -450 1000 0,351

3@ 2163 5152 150 -60.0 1000 0.460

57 330,85 3993 -15.0  -30.0 0 1000 0,507

70 3880 S69.0 -30.0 750 1000 0518

&0 3312 5700 -150  -75.0 1000 0565

58 3308 4567 -150 -450 1000 0572

33 2158 4531 150 -450 1000 0579

95 3E9.F 23839  -15.0 -0.0 1000 0665

45 2734 4575 -0.0 -45.0 1000 0738

89 3831 S1E7  -50.0  -60.0 1000 0795

o7  367.6 3980 -530.0  -30.0 1000 0,965

63 388.0 4558 -30.0 450 1000 0959 o
Foint Murnber %I

LIVE SMAP | EMD EDIT | >
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7 3D AREA SENSOR REFERENCE

7.1 3D AREA SENSOR GUIDANCE

3D Area Sensor is composed of three units, two camera units and one projector unit. The projector unit
projects stripe patterns very quickly and the two camera units snap their images, and then 3D information
in a wide area is calculated at once. In this document, a single element of the acquired 3D information is
referred to as the "3D point", and the entire set of the 3D information is referred to as the "3D map".

The camera units and the projector unit of 3D Area Sensor should be mounted on a solid mounting
structure.  Each unit of 3D Area Sensor needs to be securely mounted above the target container.

/A CAUTION
The 3D Area Sensor cannot be mounted on a robot.

Standard Layout

The figure below shows the side view of the standard layout of 3D Area Sensor. The two camera units
and the projector unit are mounted on the same upper cross beam.

Distance between cameras

Projector Unit

@/-a
Left Camera FOV
‘ Projector FOV
' Right Camera FOV
Solid Pedestal
Container
b |

8/ \

And the figure below shows the overhead view of the standard layout.

Camera Standoff
Projector Standoff
/A‘ s
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Right Camera FOV

/Projector FOV

Left Camera FOV

rd

Left Right

Camera . . Camera
Unit Projector Unit Unit

Container

As you can see in the figures above, the two camera units and the projector unit should be located roughly
on a line. Mount the two camera units as far apart as possible; this will maximize the Z depth accuracy.
Do not make the camera units too far apart; each camera unit must be able to see inside the entire
container. If the camera units are too far apart, the sides of the container will block the camera view of
the bottom of the container. Any portion of the container that is not within view of both cameras will
fail to have any 3D data.

The distance between cameras, the camera standoff and the Z accuracy have the following relationship.

+ Longer Side of Camera FOV x Camera Standoff

Z accuracy = =+
Y Number of Pixels of Longer Side of the Image x Distance Between Cameras

/\ CAUTION
The calculated Z accuracy is a theoretical value. Focus of projected pattern,
camera focus, ambient light, accuracy of each camera calibration etc. can affect
the actual Z accuracy.

The camera standoff and the projector standoff do not have to be the same, but the standoff of the two
camera units should be the same.

/A CAUTION
Depending on the size of container and the required Z accuracy, there is a case
that mounting the camera units and the projector unit at different heights is
preferable.

Camera Calibration
Grid Pattern Calibration and Robot-Generated Grid Calibration are available to calibrate the camera units
of 3D Area Sensor. The two camera units need to be calibrated in the same application frame.

/A CAUTION
Z axis of the application frame should be perpendicular to the floor of the

container and its +Z direction should toward the sensor.
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Projection FOV and Standoff of Projector Unit
The FOV of the projector unit should cover the upper opening of the container.

3D Area Sensor calculates a certain number of 3D points within projector’s FOV, e.g. 239x192 points if
Normal density mode is selected. Therefore, the spatial density or resolution of the measured 3D points
depends on the projector’s FOV size. Therefore, the larger the projector’s FOV is, the longer the spatial
distance of the measured 3D points is.

Illumination power of the projector unit is limited. Therefore, the larger the projector’s FOV is, the
lower the intensity of the pattern projected over the parts is. In order to get good contrast between the
bright stripes and the dark stripes of the projected patterns and to acquire a 3D map as stably as possible,
the projector’s FOV should be as narrow as possible. It is especially important when the color of the
workpiece is similar to the greenish color of the projector light and/or the reflection ratio of the workpiece
surface is low.

Determine the projector’s FOV then determine the proper standoff.

FOV of Cameras
The FOV of the camera units should cover the upper opening of the container. The camera FOV size
affects the detection accuracy of the projected patterns. For example, if the camera FOV was too wide
in comparison with the projector’s FOV, it would be difficult to detect the patterns accurately, because
each pattern that appears in the camera image would not be clear enough. Mount the camera units so
that their FOV and the FOV of the projector unit are close to the same size. The optical axis of each
camera unit should roughly pass through the center point of the upper opening of the container.

Ambient Lights
Ambient lights can affect the robustness of 3D Area Sensor.  The stronger the ambient lights are, the less
stable the measurement results of 3D Area Sensor can be. If the intensity of ambient lights is too strong,
shade the container from the ambient lights.

/N\ CAUTION
Lighting for 2D detection (e.g. GPM Locator Tool) is also an ambient light. The
lighting for 2D detection should be turned off while acquiring 3D Area Sensor.
Control the overhead lights to be on while performing the 2D detection and off
while running capturing the 3D Area Map with the 3D Area Sensor.
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7.2 GENERAL DESCRIPTION OF 3D AREA SENSOR
FRATURES

The major detection methods using the 3D Area Sensor are following.

3D
measurement

Found result of 2D
pattern matching

It finds local It finds sets of connected 3D points It finds 3D position combined with It finds 3D position and posture
highest positions. (points continuously-distributed 2D pattern matching. combined with
on a 3D map). 2D pattern matching.
Area Sensor Area Sensor Area Sensor Area Sensor
Peak Locator Tool Blob Locator Tool Center Of Gravity Tool Plane Tool

Broadly speaking, there are 2 detection methods that use the 3D area sensor. These are "3D detection
with only 3D map" and "3D detection with combination of 2D Locator Tool". The 2D Locator Tool finds
a pattern which is the same as taught model pattern such as the GPM Locator Tool or the CSM Locator
Tool.

7.2.1 3D Detection with Only 3D Map

"3D detection with only 3D map" detects parts only with 3D map without the camera image. If the
postures of parts vary greatly then the 2D image of them from overhead is not consistent. However this
method can execute stable detection independent of the postures. The Area Sensor Peak Locater Tool
and the Area Sensor Blob Locator Tool, are provided for "3D Detection with Only 3D Map". These two
tools are useful when the parts are postures are completely random. The Area Sensor Preprocess Tool is
also provided in order to remove some incorrect or useless 3D points.

Area Sensor Peak Locator Tool
The Area Sensor Peak Locator Tool can detect local peaks which are the highest positions in the 3D map.
This tool enables the robot to pick up parts at the highest positions. This tool needs no pattern models
like the GPM locator or the CSM locator tools. This tool can detect parts whose figures are unknown.
This tool can also detect non-uniform mixtures of parts. For details of this command tool, refer to
Chapter 7 in the "R-30iB/R-30iB Mate CONTROLLER iRVision OPERATOR’S MANUAL
(Reference)".
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3D Map Local Peaks

Caution

e  The Area Sensor Peak Locator tool doesn’t measure the postures of parts. Therefore, the W, P and
R of the postures of found results are always 0.0.

o Found local peaks are not always located at a specific pretrained position on the parts because this
function finds the highest positions of the part from the 3D map.

e  For the above reasons, the Area Sensor Peak Locator Tool is not suitable for the robot to pick up
parts by using the postures of the parts. Therefore, the robot gripper which can pick up parts
regardless of their postures is required. For example, a vacuum or magnet gripper is required.

Area Sensor Blob Locator Tool
The Area Sensor Blob Locator Tool detects sets of connected 3D points in a 3D map. The planes
formed by the sets of connected 3D points can also be measured. This tool needs no pattern models like
the GPM locator or the CSM locator tools.  This tool can detect workpieces whose features are unknown.
This tool can also detect non-uniform mixtures of parts. For details of this command tool, refer to
Chapter 7 in the "R-30iB/R-30iB Mate CONTROLLER iRVision OPERATOR’S MANUAL
(Reference)".

3D Blobl

Find a 3D Blob
Normal vector of Normal vector of
plane formed by plane formed by

the 3D blob2 the 3D blob1

Workpiece

Measure the plane formed by a 3D blob

Caution
o  When the measurement of planes is not used, the W, P and R of the postures of the found results are
always 0.0.

e  Obtained 3D points changes depending on the postures and the piles of workpieces. Therefore the
found positions are not always located at a specific pretrained position on the parts.
e  For the above reasons, the Area Sensor Blob Locator Tool is not suitable for the robot to pick up the
workpieces by using specific pretrained postures of the parts. Therefore, the robot gripper which
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can pick up parts regardless of their postures is required. For example, a vacuum or magnet
gripper.

Area Sensor Preprocess Tool
The Area Sensor Preprocess Tool prevents 3D command tools, such as the Area Sensor Peak Locator
Tool, from processing incorrect 3D points and shortens the processing time of 3D command tool by
removing unnecessary 3D points from a the 3D map. This function removes the following 3D points.
e 3D points on the bottom or the top of the wall of the container.
e  Outlier 3D points

The area sensor peak locator tool and the Area Sensor Blob Locator tool use this function.

3D points of .
. 3D points of
3D points of part container bottom

container rim

3D map before processing 3D map after processing

Even if the position of a container changes, the 3D points on the container can be removed from the 3D
map using the Window Shift tool. For details of this command tool, refer to Chapter 7 in the "R-30iB/
R-30/B Mate CONTROLLER iRVision OPERATOR’S MANUAL (Reference)".

Caution
e  To use this tool, camera units should be calibrated on the application frame whose Z axis is nearly
parallel to the wall of the container and is directed upwards from the container bottom.

1.2.2 3D Detection with Combination of 2D Locator Tool and 3D
Map

"3D detection with combination of 2D locator tool and 3D map™ detects parts by a combination of a 2D
locator tool and a 3D map. In this detection, the 2D locator tool finds the parts, and the position and the
posture of the found parts is measured by the 3D points within the specified area centered at the origin of
the 2D locator tool. Because of the 2D locator tool, this detection provides the position and posture of
the parts.  The following two command tools, which are the Area Sensor COG Tool and the Area Sensor
Plane tool, are provided for 3D detection with combination of 2D locator tool and 3D map".

Area Sensor COG Tool
The Area Sensor COG Tool measures the center of gravity of the 3D map points in the measurement area.
Combining the result of this tool with a result of 2D locator tool makes it possible to measure the 3D
position of a part. For details of this command tool, refer to Chapter 7 in the "R-30iB/ R-30iB Mate
CONTROLLER iRVision OPERATOR’S MANUAL (Reference)".
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Result of CSM Locator Tool

3D points

Caution
e Atfirst, it is necessary to find a part by 2D locator tool. If the part looks differently depending on
its posture, teach several model patterns
e  The +Z direction outputted by this tool is the same as that of the offset frame selected in the 3D area
sensor vision process which is a parent of this tool. Thus, W and P of the found positions are
always 0.0.

Area Sensor Plane Tool
The Area Sensor Plane Tool measures a plane from the 3D points in the measurement area. Combining
the result of this tool with the result of the 2D locator tool makes it possible to measure the 3D position
and posture of a part. The features for the 2D locator tool do not have to be on the same plane measured
by this tool. For details of this command tool, refer to Chapter 7 in the "R-30iB/ R-30iB Mate
CONTROLLER iRVision OPERATOR’S MANUAL (Reference)".

Result of GPM Locator Tool

Normal vector of
the measured plane

3D points

Caution
o At first, it is necessary to find a part by 2D locator tool. If the part looks differently depending on
its posture, teach several model patterns.
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7.3 MEASURABLE WORKPIECES

Parts Suitable for Area Sensor Peak Locator Tool
The Area Sensor Peak Locator Tool can simply detect local peaks in the 3D map. Therefore this tool
can detect almost all parts as long as a 3D map is obtainable. However, because the detected position on
a part is always different every time this tool detects, this tool is suitable for workpieces that do not care
about the approaching direction. For example, the following parts are suitable for this tool.
e  Spherical shaped
e  Column shaped

Parts Suitable for Area Sensor Blob Locator Tool
The Area Sensor Blob Locator Tool is suitable for the smooth-faced part because this tool detects the sets
of connected 3D points. For example, the following parts are suitable for this tool.
e  Sheet shaped

Parts Unsuitable for 3D Area sensor
3D Area sensor obtains 3D maps by using projected pattern light. Therefore, in the case the pattern light
is difficult to capture by the 2 camera units, obtaining 3D map is difficult. For example, the following
parts are not suitable for this tool.
e  Transparent
o  Reflective
e  Thinwire

7.4 SETUP PROCEDURES OF 3D AREA SENSOR

This section explains the following setup procedures for 3D Area Sensor setup.
e  Adjusting the layout of 3D Area Sensor

e  Adjusting the focus of the projector unit

e  Adjusting the focus of the camera unit

e  Adjusting the condition of acquiring 3D Map

7.4.1 Adjusting the Layout of 3D Area Sensor

This subsection explains the procedures for adjusting the layout of the camera units and the projector unit.
Adjust the position of the projector unit in the following procedures.

1 Open the 3D Area Sensor setup screen.

2 In the [Test Projector Pattern], select the [Frame] and press F3 PRJ_ON to project frame pattern.
Then, the pattern below is projected.
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3 Adjust the position of the projector unit so that the pattern is projected properly on the whole
container and the center of the pattern matches that of container.

Container

Next, adjust the position of camera units. As you can see in the figures below, the two camera units and
the projector unit should be located roughly on a line. Mount the two camera units as far apart as
possible; this will maximize the Z depth accuracy. Do not make the camera units too far apart; each
camera unit must be able to see inside the entire container. If the camera units are too far apart, the sides
of the container will block the camera view of the bottom of the container. Any portion of the container
that is not within view of both cameras will fail to have any 3D data.

Right Camera FOV

L~

/Projector FOV

Left Camera FOV

g

Camera . . Camera
Unit Projector Unit Unit

Container

Adjust the direction of the camera unit in the following procedures.

1 Open the 3D Area Sensor setup screen.

2 On the tree view of the 3D Area Sensor, select the [Camera View1] to display the Camera Viewl
setup screen.

3 Inthe [Test Snap Pattern], select the [Frame].

4 Start the camera live mode by pressing F2 LIVE and adjust the direction of the camera so that the
center of pattern locates at the center of the image and the image includes the whole container.
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v
4
F
}

Image of Camera Viewl Image of Camera View?2

/N\ CAUTION
When the container is displayed fully on the image, adjust the direction of the
camera unit so that the center of pattern locates at the center of the image after
placing a flat plane on the upper surface of the container

7.4.2 Adjusting the Focus of the Projector Unit

This subsection explains the procedures for adjusting the focus of the projector unit.  Adjust the focus of
the projector unit in the following procedures.

SSSSSS RSSESSSSST IS \
\1m\‘— EETEERN I

;j‘-—-\ Set screw to lock zoom adjustment ring (M3X2)
° Note) Two set screws fase each other.
% Don't loose these set screws.
o[ | \ ’ | |
Focus adjustment ring
A Detail A Set screw to lock focus adjustment ring (M3X2)
Q N Note) Two set screws face each other.
Packing g
Lens cover

Set screw to lock Lens cover (M3X1)

1  Place a flat plane at the center of the area where you want to measure.

2  Loosen Set Screw that locks Lens Cover.

3 Turn Lens Cover counterclockwise and take off Lens Cover and Packing.

4  Loosen two Set Screws that lock Focus Adjustment Ring. Caution: Don’t loosen Set Screws that
lock Zoom Adjustment Ring.

5  Open the 3D Area Sensor setup page on iPendant or PC.

6  Select the [Chess] in the [Test Projection Patten], and press PRJ_ON button. Then the chess
pattern is projected from the projector unit.
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7

With observing the projected pattern, turn Focus Adjustment Ring to adjust focus of the projector
unit. When the projector is in focus, you will be able to see a checked pattern as shown in the
image below.

Tighten two Set Screws that lock Focus Adjustment Ring, and fix Focus Adjustment Ring.
Caution: If one of two Set Screws is tightening too much at a time, excessive pressure would be
applied to the projection lens.  So be sure to screw them by bits alternately.

7.4.3 Adjusting the Focus of the Camera Unit

This subsection explains the procedures for adjusting the focus of the camera unit.  Adjust the focus of
the camera unit in the following procedures.

1
2

[SalF

Loosen four Set Screw that locks the cover of the camera unit and take off it.

Open the 3D Area Sensor setup screen and set the following initial values to the following setup
items.

[Intensity] 11

[Exposure Time] 10 ms

On the tree view of the 3D Area Sensor, select the [Camera View1] to display the Camera Viewl
setup screen.

Loosen a Set Screw that locks the lens aperture.

Adjust the lens aperture of the camera unit selected in the Camera View1.

In the [Test Snap Pattern], select the [Stripe] and start the camera live mode by pressing F2 LIVE.
If there is an area that the dark stripe cannot be viewed by a halation, then close the lens aperture.

i LTRITETRERTERCnRCe IHIIHIIHIIIHIIIIIHIIIIIAjIIIIIiI‘IIIIIII‘II‘!l
R

ot Avrea that dark stripe pattern

is not viewed

.

12 J J ,(;L

i
"I uq,-l':ht.?

AT it

If there is an area that the bright stripe cannot be viewed, then open the lens aperture.

- 156 -



B-83304EN-5/04 7.3D AREA SENSOR REFERENCE

(op]

(ee]

10

11

Avrea that bright stripe pattern
is not viewed

Adjust the lens aperture with changing position of parts in the container.

Tighten the set screw, Rotate it until tip the set screw hit the tip of the lens. After tip of set screw
hits the lens side, rotate it 3/8 (135 degree).

Loosen a Set Screw that locks the lens focus.

Adjust the lens focus of the camera unit selected in the Camera Viewl.

In the [Test Snap Pattern], select the [Stripe] and start the camera live mode by pressing F2 LIVE.
Adjust the lens focus so that the boundary of the dark stripe and bright stripe can be identified
clearly as shown in the figure below

I

Out of focus In focus

——

Tighten the set screw, Rotate it until tip the set screw hit the tip of the lens. After tip of set screw
hits the lens side, rotate it 3/8 (135 degree).

For the other camera unit of the 3D Area Sensor, do the above same procedures to adjust the lens
aperture and lens focus. Then adjust the lens aperture of the camera unit so that the brightness of
images acquired by two camera unit is almost same.

7.4.4 Adjusting a Condition of Acquiring 3D Map

This subsection explains the procedures for adjusting a condition of acquiring 3D map when there is an
area that 3D points are not acquired.

Confirming the condition of the area that 3D points are not acquired

1
2
3

Open the 3D Area Sensor setup screen.
Acquire a 3D Map by pressing F3 ACQ 3DMAP.
Confirm an area that 3D points are not acquired.
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-rea that 3D points can not be acquired. I

4 Open each camera view setup screen and confirm the condition of stripe pattern at the area that 3D
points are not acquired. In the following figures, there is an area that dark stripe cannot be viewed

on the image of the camera view2. Therefore, the area cannot be acquired 3D pomts
||\' I|I-|1 |l ‘

d n’ et lD il
Areathatdark strlpe pattern ’ i il |
i h:“ lsnotwewed l“ | [

%n!nﬂ“u s

]Il

‘:"Tﬂ llml hl...ll

|! ""!H""H"H’"H 1innm !--I,u-.‘.. §

Image of Camera Viewl Image of Camera View2

Adjusting the exposure time

Set a smaller value to the [Exposure Time] if there is an area that dark stripe cannot be viewed on each

camera view image and set a larger value to the [Exposure Time] if there is an area that bright stripe

cannot be viewed on each camera view image. Then, set a value that the brightness of the acquired

image does not change while in camera live mode to the [Exposure Time] in the following procedures.

1  Open the 3D Area Sensor setup screen.

2  On the tree view of the 3D Area Sensor, select the [Camera Viewl] to display the Camera Viewl
setup screen.

3 Inthe [Test Snap Pattern], select the [Black] and start the camera live mode by pressing F2 LIVE.

4 Confirm that the brightness of the acquired image does not change while in camera live mode.

5 On the tree view of the 3D Area Sensor, select the [Camera View?2] to display the Camera View?2
setup screen.

6 Inthe [Test Snap Pattern], select the [Black] and start the camera live mode by pressing F2 LIVE.

7 Confirm that the brightness of the acquired image does not change while in camera live mode.

Adjusting the intensity
After adjusting the [Exposure Time], adjust the intensity of the projector.
1  Open the 3D Area Sensor setup screen.
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Adjust a value to the [Intensity].

Set a larger value to the [Intensity] if there is an area that dark stripe cannot be viewed on each
camera view image and set a smaller value to the [Intensity] if there is an area that bright stripe
cannot be viewed on each camera view image.

Acquire a new 3D Map by pressing F4 ACQ 3DMAP.

If there is an area that 3D points are not acquired, go to the procedure 5.

Open each camera view setup screen and confirm the condition of stripe pattern at the area that 3D
points are not acquired.  After confirming it, go to procedure2.

If the problem that there is an area that 3D points are not acquired cannot solve by adjusting the
[Intensity], adjust the [Exposure Time] again.

If the problem cannot solve by adjusting the [Exposure Time] and the [Intensity], perform the procedures
described in Subsection 7.4.2 "Adjusting the Focus of the Projector Unit" and 7.4.3 "Adjusting the Focus
of the Camera Unit" again.

NOTE

It is important to keep the projector intensity high to reduce the amount of
influence of disturbing ambient light and get a good contrast between the bright
and dark stripes.

7.5

MACRO PROGRAMS

BINPICK_ACQUIRE3DMAP and BINPICK_CLEAR3DMAP are provided for 3D Area Sensor control.

BINPICK_ACQUIRE3DMAP
This program acquires a 3D map of the specified 3D Area Sensor.
The BINPICK_ACQUIRE3DMAP requires the following argument.

Argumentl:

Specify the vision data name of the 3D Area Sensor

The BINPICK_ACQUIRE3DMAP is the following macro program.

IAcquires a 3D map of the
Ispecified [3D Area Sensor].

largl:Name of [3D Area Sensor]
CALL ACQVAMAP(AR[1])

By opening the macro program, the function and the arguments of the macro program can be referred.

BINPICK_CELAR3DMAP
This program clears a 3D map of the specified 3D Area Sensor.
The BINPICK_ACQUIRE3DMAP requires the following argument.

Argumentl:

Specify the vision data name of the 3D Area Sensor

The BINPICK_CELAR3DMARP is the following macro program.

1: IClears a 3D map of the specified
2: ![3D Area Sensor].

3:

4: largl:Name of [3D Area Sensor]
5: CALL CLRVAMAP(AR[1])

By opening the macro program, the function and the arguments of the macro program can be referred.
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8 INTERFERENCE AVOIDANCE REFERENCE

8.1 BASIC OPERATION FOR INTERFERENCE SETUP

This section explains the basic operation for the setup of data for the interference avoidance function.

8.1.1 Operation for Interference Setup Data

Creating New Data
Use the following procedure to create interference setup data:
1  Onthe data list screen, press F2 CREATE. This causes the following screen to appear:

Busy Step Hold o
poeem 105

Fun |SNIHAN| Frod TCvo

Interference Setup

Create new interference avoidance data

Type: Interference Setup (System] +

Mame: |

| | | oK | CANCEL |

2 For [Type], select the type of interference setup data to create from [Interference Setup (System)],
[Interference Setup (Robot)], and [Interference Setup (Condition)].

3 For [Name], enter the name of the interference setup data.

4 Press F4 OK.

Opening the Setting Screen
Use the following procedure to open the interference setup data setting screen:
1  Onthe data list screen for interference setup data, select the interference setup data to set.
2  Press F3 EDIT.

Copying
Use the following procedure to copy the data:
1  Onthe data list screen for interference setup data, select the interference setup data to copy.
2  Press F4 COPY. This causes the following screen to appear:
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|

Step

= I/0

Interference Setup

Copy SY5

)
2! 10%

Mame: |

CAMCEL

| o |

3 For [Name], enter the name of the data to create by copying.

4 Press F4 OK.

Deletion

Use the following procedure to delete interference setup data:
1  Onthe data list screen for interference setup data, select the interference setup data to delete.

2  Press F5 Delete.

This causes the following screen to appear:

Prod TCyc

Step

= 10

Interference Setup

Delete 575

.
11 10%

Ok CAMCEL

3  Press F4 OK.

Renaming
Use the following procedure to rename data:

1 Onthe data list screen for interference setup data, select the interference setup data to rename.
2  Press F6 RENAME. This causes the following screen to appear:
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Interference Setup

Rename SYE

Marne: |

| Ok CAMCEL

3  For [Name], enter the new name.
4  Press F4 OK.

8.1.2 Operating Objects

Creating New Object Data
Use the following procedure to create object data:

1 In the tree view on the interference setup data setting screen, press the L1 button. This causes the
following screen to appear:

lis sys1

Create new interference object data,

Shape: Sphere &

Name: |

| | | QK CAMNCEL

2  For [Shape], select the shape of the object to create.
3 For [Name], set the name of the object.
4  Press F4 OK.

Renaming
Use the following procedure to rename object data:
1 Inthe tree view on the interference setup data setting screen, select the object to rename.

2 Inthe tree view, press the %aa button. This causes the following screen to appear:
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|

Rename objl

Mame: I

| | oK CANCEL

3 For [Name], set the new name of the object.
4 Press F4 OK.

Deletion
Use the following procedure to delete object data:
1 Inthe tree view on the interference setup data setting screen, select the object to delete.

2  Inthe tree view, press the Z button. This causes the following screen to appear:

|

Delete objl

Ok CAMCEL

3  Press F4 OK.

Moving Data Up
Use the following procedure to move object data up:
1 Inthe tree view on the interference setup data setting screen, select the object to move up.

2 Inthe tree view, press the T button.

Moving Data Down
Use the following procedure to move object data down:
1 Inthe tree view on the interference setup data setting screen, select the object to move down.
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2 Inthe tree view, press the & button.

8.2 INTERFERENCE SETUP (SYSTEM)

In an interference setup (system), set the position and size of the container from which to pick up parts.
If there is any object other than the container that needs interference checking (e.g., camera stand), set the

position and size of that object as well.

8.2.1 Setting of User Frame Number and Container

P1
,

User Frame Murmber: KMot Selected » 1 D

Container ID: Mot Selected »

~— -
1
1
1
1
1
1
1
1
1
1

I [ | ,

[ [

1)

User Frame Number
Select the number of the user frame to be used as the reference for the position of the container or other

fixed object.

Container ID
Select the number of container ID. The set container data is distinguished from other data by using this

number and can be used in other interference setup data by specifying the number of container ID.

Container Pos. Origin
Set the position of P1 in the above figure. Pressing the [Record] button sets the current robot position. It

is described by the tool frame which is selected currently and the user frame which is set in [User Frame
Number].

Container Pos. X
Set the position of P2 in the figure above.

Container Pos. Y
Set the position of P3 in the figure above.

Container Depth
Set the length of D in the figure above. The depth is a positive number

Container Margin (XY)
Set the XY-direction margin of the container size in mm. The margin represents the amount the
container can deviate from the size specified by the Container Pos. X and Y. Setting a negative value

makes the container size larger by the set value.
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Container Margin (2)
Set the Z-direction margin of the container size in mm. If a positive value is set, the height of the top of
the container is increased by the set value while the height of the bottom remains unchanged. Setting a
negative value reduces the container height by the set value.

Container Offset
If the location of the container changes from container to container, set the number of the vision register
in which the container offset detected by the vision process is set. The container position will not be
offset if 0 is set in this vision register.

8.2.2 Setting of Fixed Object Data

8.2.2.1 Sphere shaped fixed object

Shape: Sphere
Shift Object Pos.: —
Radius I rrn

Center: | I | Recordl

Shape
The shape which is selected in creating object data is shown.

Shift Object Pos.
If the fixed object moves together with the container, check this box.

Radius
Set R in the above figure.

Center
Set the position of P1 in the figure above. Pressing the [Record] button sets the current robot position to
the Center. The current robot position is described by the active tool frame and the user frame.

8.2.2.2 Cylinder shaped fixed object

=

Shape: Cylinder
Shift Object Pos . —
Radius: | Frrn |

Base Centerl: | | | Record |
Base Center2: | | | Record | I
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Shape
The shape which is selected in creating object data is shown.

Shift Object Pos.
If the fixed object moves together with the container, check this box.

Radius
Set R in the above figure.

Base Centerl
Set the position of P1 in the figure above. Pressing the [Record] button sets the current robot position to
the Base Center 1.  The current robot position is described by the active tool frame and the user frame.

Base Center2

Set the position of P2 in the figure above. Pressing the [Record] button sets the current robot position to
the Base Center 2.  The current robot position is described by the active tool frame and the user frame.

8.2.2.3 Hexahedron shaped fixed object

P1 P3
/
Shape: Hexahedron P2 |
Shift Object Pos.: — I
Base Corner Point: | [ | Record | |
Depth Corner Point: | [ | Record I
Width Corner Point: | [ | Record | |
Height Corner Point: | | | Record | P4L
Bmmm I
’
’

Shape
The shape which is selected in creating object data is shown. Set a parallelepiped.

Shift Object Pos.
If the fixed object moves together with the container, check this box.

Base Corner Point
Set P1 in the figure above. Pressing the [Record] button sets the current robot position to the Base
Corner Point.  The current robot position is described by the active tool frame and the user frame.

Depth Corner Point
Set P2 in the figure above. Pressing the [Record] button sets the current robot position to the Depth
Corner Point.  The current robot position is described by the active tool frame and the user frame.

Width Corner Point
Set P3 in the figure above. Pressing the [Record] button sets the current robot position to the Width
Corner Point.  The current robot position is described by the active tool frame and the user frame.

Height Corner Point
Set P4 in the above figure. Pressing the [Record] button sets the current robot position to the Height
Corner Point.  The current robot position is described by the active tool frame and the user frame.
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8.3 INTERFERENCE SETUP (ROBOT)

In an interference setup (robot), set the position and size of the gripper, camera, or other object mounted
on the robot end of arm tooling.  Such a mounted object is called a tool object.

/\ Caution

The position of the tool object must be measured from the robot face plate,
UTool[0].

8.3.1 Setting of Tool Object Data

8.3.1.1 Sphere shaped tool object

{ # /3’“
(w4
Shape: Sphere L 4:3.-"'
Type: Hone » V74
Radius: mm
Canter:
R
Shape

The shape which is selected in creating object data is shown.

Type
Select the tool object type from [None], [Camera], and [Hand]. If [Camera] or [Hand] is specified as the
tool object type, and if [Camera] or [Hand] is specified for [Search Pos. Inside Container] in the
interference setup (condition), interference can be avoided inside the container only for the objects of the
specified type.

Radius
Set R in the above figure.

Center
Set the position of P1 in the figure above.

8.3.1.2 Cylinder shaped tool object

V. v

Shape: Cylinder ‘_ﬁ:ﬁ;ﬁ/

Type: None ’JJ

Radius: ] R
' S

Base Centerl: I I I
Base Centerz: | | |

Shape
The shape which is selected in creating object data is shown.
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Type
Select the tool object type from [None], [Camera], and [Hand]. If [Camera] or [Hand] is specified as the
tool object type, and if [Camera] or [Hand] is specified for [Search Pos. Inside Container] in the
interference setup (condition), interference can be avoided inside the container only for the objects of the
specified type.

Radius
Set R in the above figure.

Base Centerl
Set the position of P1 in the figure above.

Base Center2
Set the position of P2 in the figure above.

8.3.1.3 Hexahedron shaped tool object

-
//{f /
Shape: Hexahedron ‘(“',/l-’lf’lf

Type: None % S

Base Corner Point:

Cepth Corner Point:

\-)@

|
I
Width Corner Point: |
Height Corner Point: |

Shape
The shape which is selected in creating object data is shown. Set a parallelepiped.

Type
Select the tool object type from [None], [Camera], and [Hand]. If [Camera] or [Hand] is specified as the
tool object type, and if [Camera] or [Hand] is specified for [Search Pos. Inside Container] in the
interference setup (condition), interference can be avoided inside the container only for the objects of the
specified type.

Base Corner Point
Set P1 in the figure above.

Depth Corner Point
Set P2 in the figure above.

Width Corner Point
Set P3 in the figure above.

Height Corner Point
Set P4 in the figure above.
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8.4 INTERFERENCE SETUP (CONDITION)

In an interference setup (condition), specify which of the following the created interference setup
(system) and interference setup (robot) is to be used for: Interference check, Interference avoidance, and
Wall avoidance. If using them for interference avoidance, set an interference avoidance range and so on.

8.4.1 Setting of Data Type

Type: Interference Check i -

Type
Select the data type from [Interference Check], [Interference Avoidance], or [Wall Avoidance] according
to purpose. See Section 2.4 "OVERVIEW OF INTERFERENCE AVOIDANCE" about each mode.

8.4.2 Setting of Interference Check

Utool Murmber: Mot Selected »
Check Mode: Check Objects until Interference Check Fails

Utool Number
Select the number of the tool frame to be used for interference check calculation. If this interference
setup (condition) is used for the PICK positions, set the tool frame number which is set the TCP of the
gripper. If this is used for FINE positions, set tool frame number which is set the camera frame or laser
frame which is used in the FINE process.

Check Mode
Select from [Check Objects until Interference Check Fails] or [Check All Objects]. If [Check Objects
until Interference Fails] is selected, the Interference check will stop at finding an interfering object. If
[Check All Objects] is selected, all objects will be checked for interference.

8.4.3 Setting of Wall Avoidance

Set the following parameters, if [Wall Avoidance] is selected as [Type].

Distance of Avoidance: I 0.0 rrm
Distance of .ﬂ.vnidance(z):l 0.0 mm

Distance of Avoidance

Set the offset value for having the robot end of arm tooling retreat from the wall to the center of the
container.

Distance of Avoidance(2)
Set the offset value along the Z axis in Wall Avoidance.
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8.4.4 Setting of Interference Avoidance
S oS I [oney
ggsg.lae: Between Z-axis Andm o
Prior Position: Minimumm trans, % | | Trained Position %
::I?asritgig? from Robot | | | Set Posture |

Enable Minirmurm Maxirnurm

" — m m mm
¥ — m m mm
w — o o :
p — 0 oo .
R — o o :
= Interval: Enable [ m ]
¥ Interval: Enable T m mim
R Interval: Enable [ m “
Tirme Out: Im ms =i

Search Pos. Inside Container
This item is enabled only if [Interference Avoidance] is selected for [Type]. Select the type of the tool
object that calculates the avoidance position so that it is contained inside the container from [None],
[Camera], and [Hand].

Angle Between Z-axis And Pose
This item is enabled only if [Interference Avoidance] is selected for [Type]. For [Angle Between Z-axis
And Pose], set the limit on the angle between the Z-axis of the user frame and the Z-axis of the tool frame
selected with [Utool Number]. The output avoidance position and posture will be such that the « in
the figure below does not exceed the value set here. If such avoidance position and posture cannot be
found, it will be judged that the interference avoidance position and posture calculation fails.

Z-axis of tool frame

Z-axis user frame

AN

Prior position
This setup item decides the preference of avoidance direction and condition. It consists of three
components as the followings.
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Selection of Selection of )
Calculation method Sorting method . Setup data for sortm\g
Trained position ——— —None
wall A position of a point
A specified point on the hand is on the hand
Minimum Trans. farthest from the container wall

A position of a point

A specified point on the hand is
highest on the hand
. -, Phase - Reference posture
Prior Position The phase of the robot is closest to

that of specified posture

Trained position —— None

Minimum R Wall A position of a point
on the hand
Z A position of a point

on the hand
L

e  Calculation method

For this setup item, select which avoidance amount should be smaller. The selection items are the

followings.

e  [Minimum trans.]
If this item is selected, avoidance amount of X and Y becomes smaller and robot positions are
changed preferentially in R direction to search avoidance positions. This item should be
selected when avoidance in X and Y direction is disabled or when the changes in R direction do
not much affect robot tasks, such as grasping a circle shaped part.

e [Minimum R]
If this item is selected, avoidance amount of R becomes smaller and robot positions are
changed preferentially in X and Y direction to search avoidance positions. This item should
be selected when avoidance in R direction is disabled or when the changes in X or Y direction
do not much affect robot tasks, such as grasping a pipe shaped part.

e  Sorting method

For this setup item, select a condition for the avoidance position which should be output in

preference. The selection items are the followings.

e [Trained Position]
If this item is selected, avoidance amount becomes smaller.

e [Wall]
If this item is selected, the position which is set in the setup data for sorting becomes farther
from the wall of the container.

e [Z]
If this item is selected, the position which is set in the setup data for sorting becomes higher.
e [Phase]

If this item is selected, avoidance position which is more similar to the posture which is set in

the setup data for sorting is output.  This item is available when [Minimum trans.] is set as the

calculation method.
If [Minimum trans.] is selected as the calculation method, the changes of robot positions in R
direction are sorted by the sorting method and they are applied to calculate candidates for avoidance
position. If [Minimum R] is selected as the calculation method, the changes of robot positions in X
and Y directions are sorted by the sorting method and they are applied to calculate candidates for
avoidance position.
The figures below show examples in which [Wall] is selected and sorting is performed in such a way
that 3D Laser Vision Sensor moves away from the wall of the container. The left figure below
shows the sorting of avoidance positions and postures if [Minimum trans.] is selected for the
calculation method. The right figure below shows the sorting of avoidance positions and postures
if [Minimum R] is selected. In the right and left figures, the blue and red circles represent the
positions of 3D Laser Vision Sensor when it moves to the avoidance position and posture candidates

-171 -



8.INTERFERENCE AVOIDANCE REFERENCE B-83304EN-5/04

calculated from the avoidance range. Of the avoidance position and posture candidates calculated
from the respective ranges that have been set, specific avoidance positions and postures are
calculated, starting with the red circle.

Positions of a point of 3D Laser Vision Positions of a point of 3D Laser Vision
Sensor calculated by a range of Sensor calculated by a range of
interference avoidance in R direction interference avoidance in X and Y

direction
3D Laser Vision Sensor 3R\Laser Vision Sensor

Wall of the container

e  Setup data for sorting
If [Wall] or [Z] is selected for the sorting method, set the position of a single point from the flange of
the robot. For this position, set the position on the gripper of the robot that is farthest from the
container wall or that is the highest in the user frame (for example, the mounting position of 3D
Laser Vision Sensor).
If [Phase] is selected for the sorting method, set the robot posture data in the phase to be prioritized
(posture in the R direction of the tool frame).

A specified point on the gripper is

farthest from the container wall The phase of the robot is closest to

A specified point on the gripper is that of specified posture
highest

3D Laser Vision Sensor

A position a point

A posture that the robot locates
on the gripper / P

a specified prior phase

Avoidance Range

Set the amounts of change in the position and posture in the X and Y, W and P, or R direction in the tool
frame selected for [Utool Number]. If the X and Y avoidance range is enabled, the avoidance position
and posture as translated in the range such as a in the figure below are calculated. If the W and P
avoidance range is enabled, the avoidance position and posture as rotationally transferred about the X- or
Y-axis so that the W and P value shown in b in the figure below are in the specified range are calculated.
If the R avoidance range is enabled, the avoidance position and posture as rotationally transferred about
the Z-axis in the range such as c in the figure below are calculated. If multiple avoidance ranges are
enabled, the position is changed in the X and Y avoidance range, and the posture is changed in the W and
P avoidance range, and then the position and posture acquired by changing that posture in the R
avoidance range are calculated as the avoidance position and posture.
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Tool frame set in the condition data

Z Z
of the interference avoidance /—L
W*
< Y Y
P
X X X
a. Range of interference avoidance b. Range of interference avoidance c. Range of interference avoidance
in X and Y direction in W and P direction in R direction

Avoidance Interval

Usually, the interference avoidance function automatically calculates multiple position and posture
candidates from the avoidance range that has been set. It outputs the positions and postures from the
candidates that have undergone interference avoidance. At this time, positions and postures calculated
as candidates have regular intervals. To specify the intervals, enable [X Interval], [Y Interval], or [R
Interval], and set the avoidance interval. For example, to set an avoidance range of -180 to 180 degrees
in the R direction and pick a part with the holes shown in the figure below with a gripper that has four
vacuum cups, teach the robot about the picking position in advance so that the individual vacuum cup
come to the positions indicated by red circles in the figure below, enable [R Interval] and set 90 degrees
for the avoidance interval.

Hole Touch up position by vacuum pad

Time Out
Set the limit on the time that interference avoidance calculation can take. If the system is set so that
multiple avoidance positions and postures are to be acquired, those avoidance positions and postures that
are calculated within the time specified here are output.

8.5 KAREL PROGRAM OF INTERFERENCE AVOIDANCE

The iRVision bin picking options provide the following KAREL programs for interference avoidance
function. These KAREL programs are invoked from a TP program to avoid interference. This section
describes the specifications of the KAREL programs provided.

IACHECK.PC
Calculates the interference between the tool object and the container or fixed object that may occur when
the robot moves to the target position, and outputs 0 to a register if no interference occurs or 1 if there is
any interference. Arguments are as follows.

Argument 1:
Specify the index number of the position register in which the target position is set. Using
arguments 2 to 4, the position offset, vision offset, and tool offset can be applied to the target
position to calculate the interference at the offset target position.
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Argument 2:
Specify the type of offset to be applied to the robot position specified in argument 1. If V is
specified, the vision offset is applied. If O is specified, the position offset is applied. Even if no
offset is applied, set either V or O.

Argument 3:
If V is specified in argument 2, specify the index number of the vision register to be used for vision
offsetting. If O is specified, specify the index number of the position register to be used for
position offsetting.  If no offset is applied, specify 0.

Argument 4:
Specify the index number of the position register to which to apply the tool offset. The tool offset
is applied in the same way as when J PR[ARG 1] VOFFSET, VR[ARG 3] Tool_Offset, PR[ARG 4]
or J PR[ARG 1] Offset, PR[ARG 3] Tool_Offset, PR[ARG 4] are specified. When not applying
the tool offset, specify 0.

Argument 5:
Specify the name of the interference setup (system) to be used.

Argument 6:
Specify the name of the interference setup (robot) to be used.

Argument 7:
Specify the name of the interference setup (condition) to be used. The interference setup
(condition) to be specified should have [Interference Check] set in [Type] in the setup screen.

Argument 8:
Specify the index number of the register to which to output the result. Output values are as
follows.
0. No interference
1. Aninterference occurs

IACALAVOID.PC
Calculates the interference between the tool object and the container or fixed object that may occur when
the robot moves to the target position and the interference avoidance position (robot position where
interference can be avoided). To obtain the interference avoidance position calculated by
IACALAVOID, execute IAGETAVOID described next. Arguments are as follows.

Argument 1:
Specify the index number of the position register in which the target position is set. Using
arguments 2 to 4, the position offset, vision offset, and tool offset can be applied to the target
position to calculate the interference at the offset target position.

Argument 2:
Specify the type of offset to be applied to the robot position specified in argument 1. If V is
specified, the vision offset is applied. If O is specified, the position offset is applied. Even if no
offset is applied, set either V or O.

Argument 3:
If V is specified in argument 2, specify the index number of the vision register to be used for vision
offsetting. If O is specified, specify the index number of the position register to be used for
position offsetting.  If no offset is applied, specify 0.

Argument 4:
Specify the index number of the position register to which to apply the tool offset. The tool offset
is applied in the same way as when J PR[ARG 1] VOFFSET, VR[ARG 2] Tool_Offset, PR[ARG 4]
or J PR[ARG 1] Offset, PR[ARG 3] Tool_Offset, PR[ARG 4] are specified. When not applying
the tool offset, specify 0.

Argument 5:
Specify the name of the interference setup (system) to be used.

Argument 6:
Specify the name of the interference setup (robot) to be used.

Argument 7:
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Specify the name of the interference setup (condition) to be used. The interference setup
(condition) to be specified should have [Interference Avoidance] set in [Type] in the setup screen.
Argument 8:
Specify the index number of the register to which the number of calculated interference avoidance
positions is output.
Argument 9:
Specify the index number of the register to which the status of interference avoidance is output.
Output values are as follows.
0. Interference avoidance calculation succeeds.
11. All candidates of interference avoidance position are rejected by limitation of angle Between
Z-axis And Pose
12. Interference avoidance calculation timed out.
13. No interference avoidance position is found.

IAGETAVOID.PC

Obtains the interference avoidance position calculated by IACALAVOID and outputs the obtained

position to a position register. When IAGETAVOID is executed, one of the interference avoidance

positions calculated by IACALAVOID is output. When IAGETAVOID is repeated, an interference

avoidance position other than the previously output one or ones is output as long as there is any different

interference avoidance position.  Arguments are as follows.

Argument 1:
Specify the name of the interference setup (system) to be used. Specify the same value that is
specified in IACALAVOID.

Argument 2:
Specify the name of the interference setup (robot) to be used. Specify the same value that is
specified in IACALAVOID.

Argument 3:
Specify the name of the interference setup (condition) to be used. The interference setup
(condition) to be specified should have [Interference Avoidance] set in [Type] in the setup screen.
Specify the same value that is specified in IACALAVOID.

Argument 4:
Specify the index number of the register to which to output the result of the operation of obtaining
the interference avoidance position. When the interference avoidance position has successfully
been obtained, 0 is output. When the operation has failed, 1 is output.

Argument 5:
Specify the index number of the position register to which to output the interference avoidance
position.

Argument 6:
Specify the index number of the position register to which to output the tool offset value. When
the robot picks up the workpiece at the interference avoidance position, the position of the gripper
relative to the workpiece becomes different from that of the original target position. This makes it
impossible to set the workpiece onto the grid or machine. In that case, the tool offset needs to be
applied.

IAAVDWALL.PC
Calculates and outputs the position offset value to be used to make the robot end of arm tooling retreat
from the wall to the center of the container. Arguments are as follows.

Argument 1:
Specify the index number of the position register in which the start position for wall avoidance is set.
Using arguments 2 to 4, the position offset, vision offset, and tool offset can be applied to the start
position to calculate the interference at the offset target position.

Argument 2:
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Specify the type of offset to be applied to the robot position specified in argument 1. If V is
specified, the vision offset is applied. If O is specified, the position offset is applied. Even if no
offset is applied, set either V or O.

Argument 3:
If V is specified in argument 2, specify the number of the vision register to be used for vision
offsetting. If O is specified, specify the number of the position register to be used for position
offsetting. If no offset is applied, specify 0.

Argument 4:
Specify the index number of the position register to which to apply the tool offset. The tool offset
is applied in the same way as when J PR[ARG 1] VOFFSET, VR[ARG 3] Tool_Offset, PR[ARG 4]
or J PR[ARG 1] Offset, PR[ARG 3] Tool_Offset, PR[ARG 4] are specified. When not applying
the tool offset, specify 0.

Argument 5:
Specify the name of the interference setup (system) to be used.

Argument 6:
Specify the name of the interference setup (robot) to be used.

Argument 7:
Specify the name of the interference setup (condition) to be used. The interference setup
(condition) to be specified should have [Wall Avoidance] set in [Mode] in the setup screen.

Argument 8:
Specify the number of the register to which to output the wall avoidance operation. When the wall
avoidance operation is successful, 0 is output. When it has failed, 1 is output.

Argument 9:
Specify the index number of the position register to which to output the position offset value for wall
avoidance.
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9 PARTS LIST MANAGER REFERENCE

The Parts List Manager is a collection of functions required for bin picking. For example, the Parts List
Manager creates part data based on the result of detection by a vision process executed as SEARCH and
pushes the found part data to the parts list. For the overview of the Parts List Manager, see Section 2.3,
"OVERVIEW OF PARTS LIST MANAGER".

9.1 BASIC OPERATIONS OF PARTS LIST MANAGER

This section describes basic operations performed in the Parts List Manager. One Parts List Manager
element is provided for each parts list. In the initial status, there is one parts list. ~ So, the initial data list
screen of the Parts List Manager displays one setup data created for the Parts List Manager. To
configure the number of parts list, see Subsection 10.2, "PARTS LIST MANAGER
CONFIGURATION".

Setting Type
Part lists Manager can have three types as follows.

SEARCH

Select this type if your bin picking system does not perform FINE process. Parts List Manager of this
type does not display items about FINE process.

SEARCH + FINE

Select this type if your bin picking system performs FINE process. This type can be selected and
performed a bin picking system even if a bin picking system does not perform FINE process.

NOT SET

This type means that the type of a Parts List Manager is not set. Before starting up setup of Parts List
Manager, the type of a Parts List Manager must be set. Set the type of a Parts List Manager by the
following procedures described below:

1  Inthe data list screen of Parts List Manager, select a Parts List Manager whose type is "NOT SET".
2  Press F3 EDIT.

Step [ Hold . .
2 | proa v 10%

Narme Type

51 NOT SET

) [eor ]
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3 The screen shown below appears. In the [Type], select the type of the Parts List Manager.

PARTS LIST MANAGER

The parts list manager 1 is not set any type, Please set a type,
Type: _SE.!\RE:H + FINE v

OK CAMCEL

4 Press F4 OK .

Opening the Setup Screen
Open the Parts List Manager setup screen by following the procedures below:
1 Inthe data list screen of the Parts List Manager, select a Parts List Manager you want to set up.

2 Press F3 EDIT.

1 SEARCH

[meel | | eor | e |

Changing Type
Change a type of Parts List Manager by following the procedures below:
1 Inthe data list screen of Parts List Manager, select a Parts List Manager you want to change type.

2  Press F4 PTYPE.
3  The screen shown below appears. Press F4 OK to change type. Even if you have changed the

type of the Parts List Manager from [SEARCH + FINE] to [SEARCH], setting data about FINE
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process is saved. So if you have changed back the type of the Parts List Manager from
[SEARCH+FINE] to [SEARCH], setting data about FINE process is restored.

PARTS LIST MANAGER

Do you want to change the type of the parts list manager 1 to SEARCH + FINE ?

OK CANCEL

Displaying a Desired Screen
The Parts List Manager has multiple setup screens including [SEARCH VP List] and [FINE VP List].
To display one of these setup screens, follow the procedure below:
1  Press F3 PAGE in the Parts List Manager setup screen.
2 Select a desired screen from the displayed sub menus.

riy [ seep [ mora [ rame]
= [ TESTL LINE 0 T1 ABORTED

Fun Prod

# Vision Process Name Irng. Reg
1 Mok Set
2 Mot Set

Vision Process Name: Mot Selected &

Img. Reqg: EI

. SEARCH WP List

. FINE WF List

. FINE Position List

. Push Part Data Setup

. Status Setup List

1
2
3
4, PICK Position List
5
&
7

. Part Data Monitar

[ TYPE ] | | | PAGE | | SAVE | END EDIT |

Changing List Data
To change list data in a setup screen containing a list and settings, such as [SEARCH VP List] or [FINE
VP List], follow the procedures below:
1  Select the line in the list that corresponds to data you want to change.

* Vision Process Name Irng. Reg
| 1 Mok Sek
2z Mot Set
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2 Set each setting.

Vision Process Name: Mot Selected v
9.2 BASIC RULES OF PARTS LIST MANAGER

This section describes the rules of the parts list and part data and basic things to know when using the
Parts List Manager.

Parts List and part data
The rules of the parts list and part data are described below.
e  The data in the parts list and the part data are lost when the robot controller is turned off.
e  The part data of parts included in one container needs to be managed by a single parts list.
e  The number of pushes performed after the robot controller is powered up is used as an index
indicating the timing at which part data is added to the parts list.

The number of pushes
e When the robot controller power is cycled the number of pushes is initialized to 0.
e  When some part data are pushed to a parts list after performing the following operations, the number
of pushes is incremented by 1.
e Turn on the power of the robot controller again
o  Pops a part data from a parts list successfully

Status

The statuses that can be set for part data are shown below.

e AWAITING
PICK SUCCESS
PICK FAIL
PICK IA FAIL
PICK CL FAIL
FINE SUCCESS
FINE FAIL
FINE IA FAIL
FINE CL FAIL

Data included in parts list
A parts list includes the following data.
e  Part data list (detailed below)
o Number of pushes performed after the power up of the robot controller (Current Number of Pushes)
e Number of pops performed after the power up of the robot controller

Data included in part data
Part data includes the following data
e PartdatalD
The ID number is uniquely assigned to part data when the part data is pushed to a parts list. The
part data ID of the part data that is first pushed after the power up of the robot controller is 1. The
ID is incremented by 1 each time a part is pushed.
Flag indicating whether the part data is popped
Status
Priority
Count of the blacklist
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9.3

Detection result by SEARCH vision process

The vision process name, model ID, found position, offset, 10 measurements, and user frame
number in the found position are included.

Detection result by FINE vision process

The vision process name, model ID, found position, offset, 10 measurements, and user frame
number in the found position are included.

Number of pushes when the part is found by the SEARCH vision process and the part data

corresponding to the found part is pushed to the parts list (Number of Pushes of Part Data)

This data of the part data in the blacklist is updated when the part corresponding to the part data in

the blacklist is found by the SEARCH vision process to the current total number of pushes. By

comparing this data with the current total number of pushes, you can see whether this part data has

been found recently.

Number of pushes of the parts list when this part data is pushed to the blacklist

PARTS LIST MANAGER SETUP AND PART DATA
OPERATIONS

This section explains some necessary settings and operations for the following operations of the parts list
manager.

Clear all part data in a parts list

Push some part data to a parts list

Pop a part data from a parts list

Calculate a PICK position

Set a status to a popped part data

Calculate a FINE position

Execute a FINE vision process for a popped part data

In this manual, "PICK position" means a robot position to pick up a part and "FINE position” means a
robot position to execute a FINE vision process.

9.3.1 Clear All Part Data in a Parts List

To clear all part data in a parts list, the following operations are required.

Call the BINPICK_CLEAR in a TP program

9.3.1.1 Call the BINPICK_CLEAR in a TP program

Call the BINPICK_CLEAR in a TP program to clear all part data in a parts list.
The BINPICK_CLEAR requires the following argument.
Argument 1:

Specify the number of a parts list.

The BINPICK_CLEAR is the following macro program.

IClears part data in a Parts
IList.

largl:Parts List ID
CALL IPCLR(AR[1])
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9.3.2 Push Some Part Data to a Parts List

To push some part data to a parts list, the following operations and settings are required.
e  Setupthe SEARCH VP List.

Set up the parameters for deleting older part data when some part data are pushed

[ )
e  Set up the parameters for checking some duplicated part data when some part data are pushed
o  Call the BINPICK_SEARCH ina TP program

9.3.2.1 Set up the SEARCH VP List

Select [SEARCH VP List] from the sub menus displayed by pressing F3 PAGE and set a vision process
you want to execute as the SEARCH vision process.

Step | Hold 10%
E I/0 Prod TCyc
SEARCH VP List Parts List1
# | Vision Process Name | Img. Req Priarity
1 SEARCH 0 Measurement1
Rlob S ok
Wision Process Marne: SEARCH™ | mot Trained
Img. Req: 0 8
Priority: ‘Measurement 1 v
[ TYPE ] | | [ PAGE ] | SAVE | END EDIT |

Vision Process Name
Select the vision process you want to execute as the SEARCH vision process from the drop-down box.

Img. Reg

If you want to use the image register function, select the number of the image register to be used. If you
do not want to use the image register function, select [0]. Please see Subsection

Priority

Specify the index number of measurement array. The specified measurement value is set as the priority
of Part Data when a Part Data is added to the Parts List.

9.3.2.2 Set up the parameters for deleting older part data when some
part data are pushed

Select [Push Part Data Setup] from the sub menus displayed by pressing F3 PAGE and set the parameters
for deleting older part data when some part data are pushed.
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Step Hold
E Pr . ,—

Push Part Data Setup Parts List1

Delete Awaiting Part Data: 1 Times of Push
Delete Part Data in Black
List:

[T DupnCanon Cheen

10%

S Times of Push

Range: Y W Im mm
Check Model ID: v

Measurernent 1: Enable T [ o000
Measurement 2: Enable T [ o.000
Measurement 3: Enable T IW
Measurement 4: Enable T [ o.000
Measurement 5: Enable — ,W
Measurement &: Enable ™ ’m
Measurement 7: Ensble T [ o.om
Mook s, o ua — I &om

FEgasdremsnt 8 Ename 1 | dhdul

Measurement 9: Enable | 0.000

Measurement 10: Enable 0.000

[ TYPE ] | | [ PAGE ] | SAVE | END EDIT |

Delete Awaiting Part Data
When part data is pushed, older part data (with a smaller number of pushes) is deleted. The following
part data is deleted from the parts list: Its status is awaiting and the value (Current Number of Pushes —
Number of Pushes of Part Data) is greater than or equal to the value set in this text box.

Delete Part Data in Blacklist
When part data is pushed, older part data in the blacklist is deleted. The following part data in the
blacklist is deleted from the parts list: The value (Current Number of Pushes — Number of Pushes of
Part Data) is greater than or equal to the value set in this text box.

/A CAUTION
The deletion process of the part data is not performed to part data whose
Number of Pushes of Part Data is same as the Current Number of Pushes.

9.3.2.3 Set up the parameters for checking some duplicated part
data when some part data are pushed

When a new part data are pushed to the parts list, the new part data is checked if there is duplicated part

data in the parts list.  If there is duplicated part data in the parts list, the following processes are done.

e  When the status of the duplicated part data is awaiting, the duplicated older part data is deleted and
the new part data is pushed to the parts list.

o  When the status of the duplicated part data is in the blacklist, the new part data is not pushed to the
parts list and the Number of Pushes of Part Data of the duplicated older part data is updated.

Select [Push Part Data Setup] from the sub menus displayed by pressing F3 PAGE and set the parameters
for checking some duplicated part data when some part data are pushed.
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|| Srep Hold
E 1/0 Prod
Push Part Data Setup Parts List1l
Delete Awaiting Part Data:] 1 Times of Push
Elietl.-zte Part Data in Black S Times of Push
Duplication Check
Range: bl IW mm
Check Model 1D: v
Measurament 1: Enable T [ o000
Measurement 2: Enable [ IW
Measuremnent 3: Enable T [ 0.0
Measurement 4: Enable T [ o000
Measurement 5: Enable [ IW
Measurement 6: Enable IW
Measurement 7: Enable ™ IW
Measurement &: Enable — Im
Measurernent 9: Enable ™ IW
Measurement 10: Enable Im
[ TYPE ] | | [ PAGE ] | [ END EDIT |

Range
Set a distance between found positions to be used for determining whether part data are duplicated.
Select a type of distance to be calculated from the drop-down box and set a distance threshold in each text
box. The Parts List Manager calculates the distance between the found position of part data to be
pushed in the parts list and the found position of each part data already stored in the parts list. If the
obtained (calculated) distance is smaller than the threshold set in this box, the Parts List Manager assumes
that there are duplicate part data.

Check Model ID
Use this check box to select whether to check the model IDs when a duplication check is made. When
this box is checked, part data items that satisfy the condition set in [Range] or [Measurement] are not
assumed to be duplicated if their model I1Ds are different.

Measurement

Set a threshold to be used for determining whether part data items are duplicated, using differences in
measurement values in SEARCH results. Any of the values set for [Measurement 1] to [Measurement
10] can be used for a duplication check. Check the [Enable] box to the right of a measurement value
you want to use for a duplication check and set a threshold. Even if the condition set in [Range] or
[Check Model 1D] is satisfied, part data is not assumed to be duplicated when the absolute difference
between the measurement value of part data to be pushed in the parts list and the measurement value of
each part data already stored in the parts list is greater than or equal to the value set in this box.

/A CAUTION
A part data is considered as duplicated when all of the conditions set for a
duplication check are satisfied.

9.3.2.4 Call the BINPICK_SEARCH in a TP program

Call the BINPICK_SEARCH in a TP program to push some part data to a parts list.
The BINPICK_SEARCH requires the following arguments.
Argument 1:

Specify the number of a parts list.
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Argument 2:
Specify the index number of the SEARCH vision process in SEARCH VP LIST.

Argument 3:
Specify the index number of a register to output the status of whether the SEARCH vision process is
successful. In the register to store the error number, one of the values shown below will be set
depending on the error that occurs:
0: Some Part Data are added to the specified Parts List.
1: No Part Data is added to the specified Parts List.

The BINPICK_SEARCH is the following macro program.

IExecutes a SEARCH Vision
IProcess. And Part Data are added
Ito the Parts List according to

Ithe Vision Process.

largl:Parts List ID

larg2:Index number of the SEARCH

I VP in SEARCH VP LIST
larg3:Index number of R[] to set

I the SEARCH status

: | O:Part Data are added

: I 1:No Part Data is added

: CALL IMSEARCH(ARJ[1],AR[2],0,AR[3])

[
WN PO

9.3.3 Pop a Part Data from a Parts List

To pop a part data from a parts list, the following operation is required.
»  Call the BINPICK_POP in the TP program

/A CAUTION
The flag indicating whether the part data is popped is disabled after calling the
BINPICK SEARCH.

9.3.3.1 Call the BINPICK_POP in a TP program

Call the BINPICK_POP in a TP program to pop a part data from a parts list.

The BINPICK_POP requires the following arguments.

Argument 1:
Specify the number of a parts list.

Argument 2:
Specify the index number of a register to output the status of whether the pop operation is successful.
In the register to store the error number, one of the values shown below will be set depending on the
error that occurs:
0: SUCCESS
1: FAIL

Argument 3:
Specify the index number of a register to output the Model ID of the popped part data. This value
is used for identifying the type of the SEARCH Vision Process result.

Argument 4:
Specify the index number of a register to output the ID of the popped part data. This argument can
be omitted.

The BINPICK_PORP is the following macro program.
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9.3.4

IPops a Part Data from the
Ispecified Parts List.

largl:Parts List ID

larg2:Index number of R[] to set
| status

I 0:SUCCESS

I 1:FAIL

larg3:Index number of R[] to set
I amodel ID of a popped Part
: 1 Data

. larg4:Index number of R[] to set
: ! apopped Part Data ID

: 1 (omissible)

P N e
aNMwWNPRPO

Calculate a PICK Position

: CALL IMPOP(AR[1],AR[2],AR[3],AR[4])

To calculate a PICK position, the following operations and settings are required.

»  Set up the parameters for calculating a PICK position

»  Set up the parameters for calculating a robot position to approach a part

*  Set up the reference PICK position

»  Call the BINPICK_GETPICKPOS in a TP program

9.34.1

Set up the parameters for calculating a PICK position

Select [PICK Position List] from the sub menus displayed by pressing F3 PAGE and set the parameters

for calculating a robot position to pick up a part.

Step ‘ Hold 10%
E I/0 | Prod I TCyc
PICK Position List Parts List1
#| Comment Y¥ision Process Name | Model ID Inkerference Setup |  Approach Setup Reference PICK Position | &
1 SEARCH  NotSet  (5Y5,ROBOT,CND) (CND, 0, 10) Mot Set
2 hiot Set _Iuot Set Mot Set ot Set lyot Set
Comrment: I
Use Found Pasition: Enable
Wision Process Name: SEARCH ™ | ot Trained
Model 1D: I—O
-Interference Setup
Caleulate 1A: Enable 7
IASTS: SYS ™
TAROCE: ROBOT v
IACHD: CND Y| uTi1
L)L L L
IACHD: cuD v T ||
ofs: PR [ 0 ot uUsed
Tofs: PR I—lﬂ
=Reference PICK Position
PICK Position X: mm =
—
[ TYPE ] I | [ PAGE ] AVE | END EDIT |

Comment
When multiple PICK positions are set, set a comment for a PICK position to be set.

can be input.
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Vision Process Name
Select the name of the vision process that is to get offset data or found positions. The
BINPICK_GETPICKPOS checks the FINE vision process name or SEARCH vision process name stored
in the part data. If it is different from the vision process name set in the Parts List Manager, an alarm is
issued. When no process name is selected, the program does not check any vision process name.

Model ID
Set the model ID the vision process selected in [Vision Process Name] is to output. The
BINPICK_GETPICKPOS checks the FINE model ID or SEARCH model ID stored in the part data.  If it
is different from the model ID set in the Parts List Manager, an alarm is issued. When a value of 0 is set,
the program does not check any model ID.

Calculate 1A
Use this checkbox to select whether to calculate interference avoidance positions when the PICK position
is obtained. When this checkbox is checked, the drop-down boxes for selecting interference avoidance
setup data that are located to the right of [IASYS], [IAROB], and [IACND] are enabled. Interference
avoidance function calculates a PICK position by using the selected interference avoidance setup data.

IASYS

Select an interference setup (system) data that you want to use for calculating interference avoidance
positions when a PICK position is obtained.

IAROB

Select an interference setup (robot) data that you want to use for calculating interference avoidance
positions when a PICK position is obtained.

IACND

Select an interference setup (condition) setup data that you want to use for calculating interference
avoidance positions when a PICK position is obtained.

9.3.4.2 Set up the parameters for calculating a robot position to
approach a part

Set the parameters for calculating a robot position to approach a part.

Approach position

PICK position (IA) :

The PICK position (1A) is the position that Tool
@ l 4 | Offset by the Interference Avoidance Function is

applied to the PICK position

H PICK position

_

User offset which is specified in a PR defined
in the [Approach Setup].
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To calculate the robot position to approach a part, set the following parameters. An approach position is
calculated by applying the user offset specified in the [Approach Setup] to the PICK position (1A) shown
in the figure above.

oy R
10%
T
PICK Position List Parts List1
_#| Comment| Vision Process Mame | Model ID| Interference Setup | Approach Setup | Reference PICK Position | & |
1 SEARCH Mot Set {5¥5,ROBOT,CND) (CND, 0, 10) Not Set:
2 Mot Set Mok Set Mot Set Mot Set Mot Set
Comment: |
Use Found Position: Enable [
Vision Process Name: SEARCH™ | ot Trained
Model ID: I 0
- Interference Setup
Calculate TA: Enable |7
IASYS: SYS v
IAROB: ROBOT w
TACND: cND v T
-Approach Setup
IACND: cNo v | Ut | |
Ofs: PR 0 Mot Used
Tofs: FR 10
-Reterence PICK Position
PICK Paosition ®: | gl =
L | —
[ TYPE ] | | [ PAGE ] | AVE ] END EDIT |

IACND
Select an interference setup data (condition) that you want to use for calculating interference avoidance
positions at a position to approach a part.

Ofs
Set the number of a position register containing a position offset. The position offset is applied to a
PICK position to calculate a position to approach a part. If you don’t want to apply the position offset,
set 0.

TOfs
Set the number of a position register containing a tool offset. The tool offset is applied to a PICK
position to calculate a position to approach a part.  If you don’t want to apply the tool offset, set 0.

9.3.4.3 Set up the reference PICK position

Set the reference PICK position to calculate a PICK position. Instead of them, the found position of the
vision process can be also output as the PICK position without setting the reference PICK position.
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PICK Position List Parts List1
=Interference Setup

Calculate 1A: Enable V

14SYS: srsv|

IAROB: ROBOT »

TACND: PICK™| UT:1
-Approach Setup

IACND: PICK™| yTi1

ofs: I 0 Mot Used

-Reference PICK Position

PICK Position ®:

PR
PR
PICK Position :
PICK Pasition 2@

Tofs: | 10

I
PICK Position W: I
PICK Position P:
PICK Position R: I
Set PICK Position | Clear PICK Position |
Start Set Reference Wizard I -

[ TYPE ] | | [ PAGE ] | SAVE | END EDIT |

PICK Position X, Y, Z, W, P, R
The reference PICK position is displayed. When no reference PICK position is set, you cannot change it.
If you want to fine-tune a reference PICK position setup, change the value in the corresponding textbox.

Set PICK Position
Click the [Set PICK Position] button to set the current robot position and posture as the reference PICK
position.

Clear PICK Position
Clears the reference PICK position setups.

Start Set Reference Wizard
Click the [Start Set Reference Wizard] button to start the Set Reference Wizard to set a reference PICK
position. For details of the Set Reference Wizard, see Section 9.5, "SET REFERENCE WIZARD".

To output the found position of the vision process as the PICK position without setting the reference
PICK position, set the following parameters.
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Step Hold
e o I

PICK Position List Parts List1
| Conmment | ‘Wision Process Mame | Model ID|

Interference Setup |

10%

Approach Setup |

Reference PICK Position

1 {5¥S,ROBOT,PICK) (PICK, 0, 10) Mot Set
2 Mot Set Mok Set Mot Set Mot Set Mot Set

| Comrment: [

Use Found Position: Enab]elv

-Interference Setup

Calculate IA: Enable K7

TASYS: SYS W

IAROE: ROBOT v

IACND: PICK»| uT:1

=Approach Setup

IACND: PICK ™| UT:1

ofs: PR 0 Mot Used

Tofs: PR !_10

-Reference PICK Position

Set CONF of Pick Paosition

(el | |

[ PAGE ]

| SAVE |

END EDIT

Use Found Position

Check the checkbox if you want to use the found position as the PICK position.

Set CONF of PICK Position

If you want to use the found position as the PICK position, you must set the robot configuration to pick

up a part.

Press the [Set CONF of Pick Position] button to set the robot configuration to pick up a part.

9.3.4.4 Call the BINPICK_GETPICKPOS in a TP program

Call the BINPICK_GETPICKPOS in a TP program to calculate a PICK position.
The BINPICK_GETPICKPOS requires the following arguments.

Argument 1:
Specify the index number of the parts list.
Argument 2:

Specify the index number of the PICK position in the PICK POSITION LIST.

Argument 3:

Specify the index number of a register to output the status including whether the calculation of the

PICK position is successful.

below will be set depending on the error that occurs:

0: SUCCESS
12: Fail to calculate a PICK position
13: Fail to calculate a position to approach a part
Argument 4:

In the register to store the error number, one of the values shown

Specify the index number of a position register to output the PICK position.

Argument 5:

Specify the index number of a position register to output the tool offset value calculated by the

Interference Avoidance function.
Argument 6:

The outputted tool offset value is applied for the PICK position.

Specify the index number of a position register to output a robot position to approach a part.

Argument 7:
Specify the part ID to obtain the PICK position.

This argument can be omitted.

If this argument

is omitted, the operation is done to the latest popped part in the parts list.
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The BINPICK_GETPICKPOS is the following macro program.

: ICalculates a PICK position.

1
2:
3: largl:Parts List ID
4: larg2:PICK POS ID in the PICK
5: I  POSITION LIST
6: larg3:Index number of R[] to set
7: ! |A Status
8: | 0:SUCCESS
9: ! 12:Fail to calc PICK POS
10: ! 13:Fail to calc APPROACH POS
11: 'arg4:Index number of PR[] to set
12: '  PICK POS
13: 'arg5:Index number of PR[] to set
14: | |A offset value at PICK POS
15: larg6:Index number of PR[] to set
16: ! APPROACH POS
17: 'arg7:Part Data ID to obtain the
18: ! PICK POS (omissible)
19: CALL IMGETPICKPOS(AR[1],AR[2],AR[3],AR[4],AR[5],
AR[6],0,AR[7])

9.3.5 Set a Status to a Popped Part Data

The statuses that can be set for part data are shown below.

AWAITING

When a part data is pushed to a parts list, the part data is set to this status. The part data whose
status is "AWAITING" is popped from the parts list as a candidate for part data to be picked up.
PICK SUCCESS

The status indicates that the operation to pick up a part is done successfully. The part data that
corresponds to the picked part is set to this status.

PICK FAIL

The status indicates that the operation to pick up a part is done unsuccessfully. The part data that
corresponds to the picked part is set to this status.

PICK IA FAIL

The status indicates that the calculation of a PICK position is done unsuccessfully. The part data
that corresponds to the part that the calculation of a PICK position is done unsuccessfully is set to
this status.

PICK CL FAIL

When a collision occurs in the middle of the robot moving to the PICK position, the part data that
corresponds to the part to which the PICK operation is tried to this status.

FINE SUCCESS

The status indicates that the FINE vision process is done successfully. The part data that
corresponds to the part that FINE vision process is done successfully is set to this status.

FINE FAIL

The status indicates that the FINE vision process is done unsuccessfully. The part data that
corresponds to the part that the FINE vision process is done unsuccessfully set to this status.

FINE IA FAIL

The status indicates that the calculation of a FINE position is done unsuccessfully. The part data
that corresponds to the part that the calculation of a FINE position is done unsuccessfully is set to
this status.

FINE CL FAIL

When a collision occurs in the middle of the robot moving to the FINE position, the part data that
corresponds to the part to which the FINE operation is tried to this status.
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Parts List Manager performs the following processing on part data when setting the status for the part data
so that parts can be picked up efficiently by making the states of the parts in a container identical to the
states of the part data in the parts list.

Deletion

Since a part is not present in the container if the part is picked up, the "PICK SUCCESS" status is set
for the part data corresponding to the part that was picked up and the part data is deleted from the
parts list.

When a part is successfully picked up, parts close to the part that was picked up may have moved.
If parts in the bin are moved their data in the parts list is no longer valid. To prevent the robot from
trying to pick based on the invalid positions, it is necessary to delete the part data corresponding to
parts close to the part that was picked up before setting the "PICK SUCCESS" status for the part that
was picked up. This is explained below in the "Deleting part data" section.

Registration in the blacklist

To prevent the robot from repeatedly trying to pick an uppickable part, it is necessary to set the
"PICK FAIL" status for the part data corresponding to unpickable part and register the part data in
the blacklist. The registration in the blacklist prevents the unpickable part from being popped again.
A user specified positive count is set for the part data registered in the blacklist at the same time.
When the count is decreased to 0, the part data is removed from the blacklist and then deleted from
the parts list.

When the following statuses are set to a part data, the part data can be registered in the blacklist.
PICK FAIL

PICK IA FAIL

PICK CL FAIL

FINE FAIL

FINE IA FAIL

FINE CL FAIL

To set a status to a part data, the following operation and setting are required.

Set up the process when setting a status to a part data.
Call the BINPICK_SETSTATARCH in a TP program

9.3.5.1 Set up the process when setting a status to a part data

Select [Status Setup List] from the sub menus displayed by pressing F3 PAGE and set a process to be
performed according to the status set for each part data.

Selecting a status from the Status Setup List
The displayed [Status Setup List] setup screen contains a list as shown below. The process to be
performed according to each status set for part data is displayed in each line in the list. ~Select the line
that corresponds to a process you want to change. In the Parts List Manager whose type is [SEARCH],
the lines of [FINE FAIL], [FINE IA FAIL] and [FINE CL FAIL] are not displayed.
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| Hiity | Prod
# Skatus Target Part Data Awaiting Part Data Part Data in Black List
1 FINE FAIL Add bo Black List Mo Operation Mo Operation
2 FINE IA FAIL Add to Black List Mo Operation Mo Operation
3 FIME CL FAIL Add to Black List Mo Operation o Operation
4 PICK SUCCESS Delete Mo Operation No Operation
5 PICK FAIL Add to Black List No Operation Mo Operation
6 PICK I4 FAIL Add to Black List Mo Operation Mo Operation
7 PICK CL FAIL Add ko Black Lisk Mo Oper ation Mo Oper ation

=Target Part Data

Process: Add to Black List ¥| set counT | 1

-Awaiting Part Data

Range: MNome v | 0,000 mrm

Process: No Operation v |

-Part Data in Black List— -

Range: None » | I 0. mm

Process: Mo Operation v | 0

[ TYPE ] I | [ PAGE ] SAVE END EDIT

After selecting status, set the following parameters.

Run - Prod

# Status Target Part Data Awalting Part Data | Part Data in Black List
1 FINE FAIL Add ko Black List Mo Operation Mo Operation
2 FINE IA FAIL Add to Black List Mo Operation Mo Operation
3 FIME CL FAIL Add ko Black List Mo Operation Mo Operation
4 PICK SUCCESS Delete Mo Operation Mo Operation
S PICK FAIL Add to Black List Mo Operation Mo Operation
[ PICK I4 FAIL Add to Black List Mo Operation Mo Operation
7 PICK CL FAIL Add to Black List Mo Operation No Operation

-Target Part Data

Process: Add to Black List¥ | set count | 1

-Awaiting Part Data

Range: Mone w | 0,000 rArm

Process: ‘No Operation v:

-Part Data in Black List— -

Range: None ¥ | I 0.1 mrm

Process: Mo Operation v| | 0

[ TYPE ] | | [ PAGE ] | SAVE | END EDIT |

Target Part Data - Process
Select a process to be performed for target part data (part data to which a status is set). You can select
either of two options: [Add to Black List] or [Delete]. When [PICK SUCCESS] is set for [Status],
however, you can select only [Delete] as a process for target part data.  If you select [Add to Black List]
for [Process], set the initial count value for the blacklist in the [Set COUNT] textbox.

Awaiting Part Data - Range
Set a range within which to perform a process. Select a type of distance to be calculated from the
drop-down box and set a distance threshold in the textbox. The Parts List Manager calculates the
distance between the found position of target part data and the found position of each part data already
stored in the parts list whose status is awaiting. If the obtained (calculated) distance is smaller than the
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threshold set in the textbox, the process selected for [Process] is performed. If you select [None] from
the drop-down box for selecting a type of distance, the selected process is performed for all part data in
the parts list whose status is awaiting.

Awaiting Part Data - Process
Select a process to be performed for the part data within the range set for [Range]. Select [No
Operation] or [Delete].

Part Data in Blacklist - Range

Set a range within which to perform a process. Select a type of distance to be calculated from the
drop-down box and set a distance threshold in the textbox. The Parts List Manager calculates the
distance between the found position of target part data and the found position of part data in the blacklist
that is already stored in the parts list. If the obtained (calculated) distance is smaller than the threshold
set in the textbox, the process selected for [Process] is performed. If you select [None] from the
drop-down box for selecting a type of distance, the selected process is performed for all part data items in
the blacklist in the parts list.

Part Data in Blacklist - Process
Select a process to be preformed for the part data within the range set for [Range]. Select [No
Operation], [Delete], [Set COUNT], or [Decrease COUNT]. If you select [Set COUNT] or [Decrease
COUNT], also set a number by which to set or decrease the black list count.

9.3.5.2 Call the BINPICK_SETSTAT in a TP program

Call the BINPICK_SETSTAT in a TP program to set a status to the popped part data.
The BINPICK_SETSTAT requires the following arguments.
Argument 1:
Specify the index number of the parts list.
Argument 2:
Specify the status to be set to the popped Part Data. The following status can be set.
10: FINE SUCCESS
11: FINE FAIL
12: FINE 1A FAIL
13: FINE CL FAIL
20: PICK SUCCESS
21: PICK FAIL
22: PICK 1A FAIL
23: PICK CL FAIL
Argument 3:
Specify the part ID to set a status. This argument can be omitted. If this argument is omitted, the
operation is done to the latest popped part in the parts list.

The BINPICK_SETSTAT is the following macro program.
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9.3.6

1: !Sets a status to a popped Part
2: Data.

3:

4: largl:Parts List ID

5: larg2:Status to be set

6: ! 10:FINE SUCCESS

7: ! 11:FINE FAIL

8: ! 12:FINE IA FAIL

9: ! 13:FINE CL FAIL

10: ! 20:PICK SUCCESS

11: ! 21:PICK FAIL

12: | 22:PICK IA FAIL

13: ! 23:PICK CL FAIL

14: 'arg3:Part Data ID to set a

15: ! status (omissible)

16: CALL IMSETSTAT(AR[1],AR[2],AR[3])

Calculate a FINE Position

To calculate a FINE position, the following operations and settings are required.
»  Set up the parameters for calculating a FINW position

»  Set up the reference FINE position

*  Call the BINPICK_GETFINEPOS in a TP program

9.3.6.1

Set up the parameters for calculating a FINE position

Select [FINE Position List] from the sub menus displayed by pressing F3 PAGE and set data required for
getting a FINE position and a reference FINE position.

Comment

| Wision Process Mame | Model ID | Interference Setup Reference FINE Position | &
1 SEARCH Mat Set {545,ROBOT, FINE) Mot Set
2 ot Set Mot Set got Set Mot

Comment: |—

Vision Process Name: SEARCH™ | ot Trained

Model 1D: I_O

=Interference Setup

Calculate TA: Enable V

IASYS: SYS|™

IAROB: ROBOT »

I4CND: FINEY yT:2

-Reference FINE Position -

FINE Position X: I mm

FIME Position ¥: I mm

FINE Position Z: — mm

FIME Position W | ’ -

FINE Position P: L

FIME Position R: | ’ . -

[ TYPE ] | | [ PAGE ] | SAVE | END EDIT |

When multiple FINE positions are set, set a comment for a FINE position to be set. Up to 50 characters

can be input.
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Vision Process Name
Select the name of a vision process to be used to get offset data. The BIPICK_GETFINEPOS.TP checks
the FINE vision process name or SEARCH vision process name stored in the part data. If it is different
from the vision process name set in the Parts List Manager, an alarm is issued. When no process name
is selected, the program does not check any vision process name.

Model ID
Set the model ID the vision process selected in [Vision Process Name] is to output. The
BINPICK_GETFINEPOS checks the FINE model ID or SEARCH model ID stored in the part data. If it
is different from the model ID set in the Parts List Manager, an alarm is issued. When a value of 0 is set,
the program does not check any model ID.

Calculate 1A
Use this check box to select whether to calculate interference avoidance positions when a FINE position
is obtained. When this box is checked, the drop-down boxes for selecting interference avoidance data
that are located to the right of [IASYS], [IAROB], and [IACND] are enabled. Interference avoidance
positions are calculated using the selected interference avoidance data.

IASYS
Select an interference setup (system) data you want to use for calculating interference avoidance positions
when a FINE position is obtained.

IAROB
Select an interference setup (robot) data you want to use for calculating interference avoidance positions
when a FINE position is obtained.

IACND

Select an interference setup (condition) data you want to use for calculating interference avoidance
positions when a FINE position is obtained.

9.3.6.2  Set up the reference FINE position

Set the reference FINE position to calculate a FINE position.

FINE Position List Parts List1

Mok SEd

Comment: |

Vision Process Name: SEARCHY | mot Trained
Madel ID: I 0

- Interference Setup

Calculate TA: Enable 7

TASYS: SYS ™

IARCE: ROBOT v

TACND: FINE™ | yT.2

FT=,

FINE Position X: —

FINE Paosition : [

FINE Position Z: =

FINE Pasition W: [ -

FIME Position P —

FINE Position R: I

Set FINE Position | Clear FINE Position |

Start Set Reference Wizard | ~|

[ TYPE ] | | [ PAGE ] | SAVE | END EDIT
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FINE Position X, Y, Z, W, P, R
The reference FINE position is displayed. When no reference FINE position is set, you cannot change it.
If you want to fine-tune a reference FINE position setup, change the value in the corresponding text box.

Set FINE Position
Click the [Set FINE Position] button to set the current robot position and posture as the reference FINE
position.

Clear FINE Position
Clears the reference FINE position setups.

Start Set Reference Wizard
Click the [Start Set Reference Wizard] button to start the Set Reference Wizard to set a reference FINE
position. For details of the Set Reference Wizard, see Section 7.3, "SET REFERENCE WIZARD".

9.3.6.3 Call the BINPICK_GETFINEPOS in a TP program

Call the BINPICK_GETFINEPOS in a TP program to calculate a FINE position.
The BINPICK_GETFINEPOS requires the following arguments.
Argument 1:
Specify the index number of the parts list.
Argument 2:
Specify the index number of the FINE position in the FINE POSITION LIST.
Argument 3:
Specify the index number of a register to output the status including whether the calculation of the
FINE position is successful. In the register to store the error number, one of the values shown
below will be set depending on the error that occurs:
0: SUCCESS
11: Fail to calculate a FINE position
Argument 4:
Specify the index number of a position register to output the FINE position.
Argument 5:
Specify the index number of a position register to output the tool offset value calculated by the
Interference Avoidance function. The outputted tool offset value is applied for the FINE position.
Argument 6:
Specify the part ID to obtain the FINE position. This argument can be omitted. If this argument
is omitted, the operation is done to the latest popped part in the parts list.

The BINPICK_GETFINEPOS is the following macro program.
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11: !

13: !

largl:Parts List ID
larg2:Index number of FINE POS in
FINE POSITION LIST
larg3:Index number of R[] to set
IA status

I 0:SUCCESS
I 11:FAIL

10: 'arg4:Index number of PR][] to set
FINE POS
12: 'arg5:Index number of PR][] to set
IA offset value at FINE POS

ICalculates a FINE Position.

14: larg6:Part Data ID to obtain the

15: !

FINE POS (omissible)

16: CALL IMGETFINEPOS(AR[1],AR[2],AR[3],AR[4],AR[5],

AR[6])

9.3.7

Execute a FINE Vision Process for a Popped Part Data

To execute a FINE vision process for a popped part data, the following operations and settings are

required.

»  Set up the parameters for executing a FINE vision process
»  Call the BINPICK_FINE in a TP program

9.3.7.1

Set up the parameters for executing a FINE vision process

Select [FINE VP List] from the sub menus displayed by pressing F3 PAGE and set a vision process you
want to execute as the FINE vision process.

Wision Process Name |
FIME

Liob Sk

FIMNE Pos. 1D

]

Wision Process Mame:
FIME Pos. ID:

FINE % | Mot Trained

Mot Selected »

[ TYPE ]

[ PAGE ]

SAVE

EMD EDIT

Vision Process Name

Select a vision process you want to execute as the FINE vision process from the drop-down box.

FINE Pos. ID

Select the ID of a FINE position you want to use.
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9.3.7.2 Call the BINPICK_FINE in a TP program

Call the BINPICK_FINE in a TP program to execute a FINE vision process.
The BINPICK_FINE requires the following arguments.
Argument 1:
Specify the index number of the parts list.
Argument 2:
Specify the index number of the FINE vision process in FINE VP LIST.
Argument 3:
Specify the index number of a register to output the status including whether the FINE vision proces
is successful. In the register to store the error number, one of the values shown below will be set
depending on the error that occurs:
0: SUCCESS
1: FAIL
Argument 4:
Specify the index number of a register to output the Model ID of the FINE Vision Process result.
Argument 5:
Specify the Part Data ID to execute the FINE Vision Process operation. This argument can be
omitted. If this argument is omitted, the FINE Vision Process operation is done to the popped Part
Data.

The BINPICK_FINE is the following macro program.

IExecutes a FINE Vision Process.

largl:Parts List ID

larg2:Index number of the FINE VP
I in FINE VP LIST

larg3:Index number of R[] to set

I FINE Status

I 0:SUCCESS

I 1L:FAIL

10: larg4:Index number of R[] to set
11: I Model ID of FINE VP result

12: larg5:Part Data ID to set FINE

13: ! result (omissible)

14: CALL IMFINE(AR[1],AR[2],AR[3],AR[4],AR[5])

94 Part Data Monitor

Part data of parts list is displayed here.

Select [Part Data Monitor] from the sub menus displayed by pressing F3 PAGE and check parts list
information and information of part data in the parts list.

Click the [Update] button in the setup screen. parts list information is displayed as follows.
I| Mum of Push: 2 g:g;lcafaﬁcf\-aiting Part I‘L-ligtnlﬂ{:l’ Part Data in Black I

Each item indicates the parts list information as listed below.

Num of Push
Number of times the part data is pushed in the parts list after power up of robot controller.
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Num of Awaiting Part Data
Number of part data items in the parts list whose status is awaiting. When this value is 0, there are no
parts that can be picked up.

Num of Part Data in Black List
Number of part data items in the blacklist in the parts list

Part data in the parts list is displayed in a list as follows.

| ID Pop Status | COUNT Priority | Found Vision Process Madel ID ¥ i |~
1 2 1 1 164,14 2 SEARGH 1 -3302  -3011 18821
2 3 i 1 16278 2 SEARCH 1 -2343  -3013 10885
31 1] 21 1 163546 2 SEARGH 1 -1384 -394 19865
4 4 i 1 10215 2 SEARGH 1 -6B86 -4307 108.34
b & 1] 1 10185 2 SEARGH 1 -G829 -hhzz 104.62 ¥,
g & f 1 101 73 2 Cabrl 1 _foan —A7Ad 104 A5

Each column indicates part data information as listed below.

#

Order in the parts data
ID

ID of the part data. This gets reset to zero after power up of the robot controller.
Po P

Whether the part data is popped. When the part data is popped, 1 is displayed. When it is not popped,
0 is displayed.

Status
Status of the part data. One of the following numbers indicating the status is displayed:
1:  Awaiting
11: FINE FAIL
12: FINE IA FAIL
13: FINE CL FAIL
21: PICK FAIL
22: PICKIA FAIL
23: PICK CL FAIL

COUNT

Blacklist count when the part data is in the blacklist. When the part data is not in the blacklist, nothing
is displayed.

Priority
Priority of the part data

Found
Number of pushes when the part is found by the SEARCH vision process and the part data corresponding
to the found part is pushed to the parts list (Number of Pushes of Part Data). This data of the part data in
the blacklist is updated when the part corresponding to the part data in the blacklist is found by the
SEARCH vision process to the current total number of pushes. By comparing this data with the current
total number of pushes, you can see whether this part data has been found recently.

Vision Process
Name of the vision process executed as the SEARCH vision process
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Model ID
Model ID of the found result of the vision process executed as the SEARCH vision process

XYZ
The found position of the part found by the vision process executed as the SEARCH vision process.
The found position is the position of the part in the offset user frame.

If you select a line in the list, more detailed information of the part data in the selected line is displayed as
shown below.

Part 1D 2

Pop: 1

Status: Awaiting

Pricrity: 16416

Add to Parts List: 2

Add to Black List: 0

Latest Found: 2

SEARCH Vision Process:  SEARCH

SEARCH Model ID: 1

SEARCH Found Pesition:  §-3302, -3011, 19921, -023 064, 9077

SEARCH Vision Offset: {-2909, 1604 139, 167, 312 00&

SEARCH Measurements: (16416, 000, 000, 000, 000, 000, 000, 000, 000, 000
FIME Vision Process:

FIMNE Model ID: 0

FIME Found Position: { 000, 000, 000, 0000 000, 000

FIME \ision Offset: ¢ 00O, 00O, 000, 000, 000, 000

FIME Measurements: { 000, 000, 000, 000, 000, 000, 000, 0000 000, 000

Each item indicates part data information as listed below. See Subsection 2.3.1, " Basic Rules of Parts
List Manager" for more information on each item.

Part ID
ID of the part data

POP
Whether the part data is popped. When the part data is popped, 1 is displayed. When it is not popped,
0 is displayed.

Status
Status of the part data

Priority
Priority of the part data

Add to Parts List
Number of pushes when the part data is added to the parts list

Add to Black List
Number of pushes when the part data is added to the blacklist

Latest Found
Number of pushes when the part is found by the SEARCH vision process and the part data corresponding
to the found part is pushed to the parts list (Number of Pushes of Part Data). This data of the part data in
the blacklist is updated when the part corresponding to the part data in the blacklist is found by the
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SEARCH vision process to the current total number of pushes. By comparing this data with the current
total number of pushes, you can see whether this part data has been found recently.

SEARCH Vision Process
Name of the vision process executed as the SEARCH vision process

SEARCH Model ID
Model ID of the found result of the vision process executed as the SEARCH vision process

SEARCH Found Position
Position found by the vision process executed as the SEARCH vision process

SEARCH Vision Offset
Vision offset for the vision process executed as the SEARCH vision process

SEARCH Measurements
Measurement values obtained by the vision process executed as the SEARCH vision process

FINE Vision Process
Name of the vision process executed as the FINE vision process.  This item is displayed in the Parts List
Manager of [SEARCH + FINE] Type.

FINE Model ID
Model ID of the found result of the vision process executed as the FINE vision process. This item is
displayed in the Parts List Manager of [SEARCH + FINE] Type.

FINE Found Position
Position found by the vision process executed as the FINE vision process. This item is displayed in the
Parts List Manager of [SEARCH + FINE] Type.

FINE Vision Offset
Vision offset for the vision process executed as the FINE vision process. This item is displayed in the
Parts List Manager of [SEARCH + FINE] Type.

FINE Measurements
Measurement values obtained by the vision process executed as the FINE vision process. This item is
displayed in the Parts List Manager of [SEARCH + FINE] Type.

9.5 SET REFERENCE WIZARD

When you use the Parts List Manager, if you want to teach or reteach the reference position, use the Set
Reference Wizard. To setup a reference position which is compensated with a vision offset, the steps
described in the following figure must be required. The Set Reference Wizard displays the steps
described in the following figure in the wizard form. By following the displayed step of the wizard, you
can complete the teaching or reteaching of the reference position.
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Execute a vision process

Update Reference Data and
Reference Position

Update Reference Position

Reference data is set 2
v v
Get the vision offset data of < —
the executed vision process I Set the reference data of the vision process
S ]
Move to a robot position "
which is compensated by the vision offset Teach the robot position
Teach the robot position Set the taught robot position
‘ as the reference position
Set the position by subtracting the vision offset
from the taught robot position
as the reference position.

END

The use of the Set Reference Wizard enables you to teach the reference position easily without any errors
even when the system has many reference PICK positions or reference FINE positions. The [Start Set
Reference Wizard] button is displayed when [FINE Position List] or [PICK Position List] is selected from
the sub menus displayed by pressing F3 PAGE, click this button to start the Wizard.

951 Basic Flow of Set Reference Wizard Operations

When you use the Set Reference Wizard, follow the steps shown in the figure below to set one reference
position.

1. Execute the vision process selected in the [Vision Process Name] and get the vision offset
data of the vision process™"?

\ 4

2. Teach the reference position in the TP program whose name is “SET_POS.TP”.

*1 When the [Vision Process Name] is not set, a vision process is not executed. Then, an offset
data is set to 0.0 in all the elements.

*2 When a vision process is executed, the found result can be as the reference data of the vision
process. Then, an offset is set to 0.0 in all the elements.

The values obtained by subtracting the offset data obtained in step 1 from the position and posture taught
to the TP program in step 2 are set to the Parts List Manager as the reference position.

If you want to get FINE positions using the 3D Laser Vision Sensor, basically perform the above series of
processing twice because two positions, FINE position and PICK position, must be taught.
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9.5.2 Details of Each Teaching Operation

After you start the Set Reference Wizard, the following screen appears, asking you to confirm the
teaching order.  After that, perform operations described in Subsection 7.3.1 for each reference position.

SET REFERENCE WIZARD Setup Sequence

FIMD or teaching reference position is done in the following order,

Execute FIME -= Setup FIME Reference Data -= Setup PICK Positionl

Save changes already made in Setup Pages and start setting references,

Execute SEARCHL -= Setup SEARCH1 Reference Data -= Setup FINE Positionl

[ TYPE ] | NEXT | FIND | SET

CAMCEL

Perform operations according to the following three screens to set a reference position.

Vision Execution screen
The screen is to execute a vision process to get a vision result.

Reference Data Setup screen

The screen is to confirm that the found position of the found result executed in the Vision Execution

screen is set as the reference data of its vision process.

Reference Position Setup screen

The screen is to confirm that the position taught to P[1] of the TP program is set as a reference position.

The following flow chart shows how and when each screen appears.
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| START I

Press F2 NEXT

v

ision Process Name] is not set?

Not set

Set

: I

Execute a vision process

v

Vision Execution Screen

Press F2 NEXT Press F3 FIND

: I

Reference Data Setup screen > Set a reference data

Press F2 NEXT Press F4 SET

| I

Set a reference position

v

Reference Position Setup screen

Press F2 NEXT Press F4 SET

\ 4

END

For details of operation corresponding to each screen, see the following subsections.

9.5.2.1 Vision execution screen

When a vision process is set to the [Vision Process Name], the Vision Execution screen is displayed as

follows.

Eusy Step Hold k& i) Deadman switch released 100,
SET POS LINE 0 T1 ABORTED @

]
Fun  |[FSENEHAN| Prod TCyo

SET REFERENCE WIZARD FINE Positionl Setup - Vision Execution

Please mowve the robot to detecting position for the following the vision process,

SEARCH1

Detect a part by the following wision process,

[ TYPE ] | NEXT | FIND | SET CAMCEL

Each function key performs the following operations.

F1[TYPE]
Bring you to another iRVision menu screen.
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F2 NEXT
Move to the Reference Data Setup screen. At first, the function key is disabled. The function key is
enabled after executing the vision process.

F3 FIND

Execute the vision process displayed in the screen. Please confirm that the found result of it is correct in
the Vision Runtime.

Before executing the vision process, note the following points:

«  When you are going to execute a SEARCH vision process and the fixed camera or the 3D Area
Sensor is installed, move the robot so that it is not contained in the image, then press F3 FIND.

*  When the Wizard for teaching the PICK position to which to apply an offset using a FINE vision
process is running and you are going to execute the FINE vision process, please press F3 FIND after
moving the robot to the FINE position,.

F5 CANCEL
Terminate the wizard.

9.5.2.2 Reference data setup screen

The screen is to confirm that the found position of the vision result in the Vision Execution screen is set
as the reference data of it. Please set the reference data of the vision process when the vision process is
not set any reference data or the reference data of it must be updated.

k] Deadman switch released
SET POS LINE 0 T1 ABORTED

SET REFERENCE WIZARD FINE Positionl Setup - Reference Data Setup

Do you want to update reference data of the vision process?
If you update, you need to re-teach the following positions.

FIME Positionl

Press [Mext] to start next step.

[ TYPE ] | MEXT | FIND | SET CAMCEL

Each function key performs the following operations.

F1[TYPE]
Bring you to another iRVision menu screen.

F2 NEXT
Move to the Reference Position Setup screen. When the reference data for the vision process has been
set in the past, if you want to teach or re-teach the reference position, basically press F2 NEXT.

F4 SET
Set the found position of the found result executed in the Vision Execution screen is set as the reference
data of its vision process.
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When you use one vision process to compensate multiple robot taught positions (reference positions), if

you update the reference data of the vision process, you must reteach all of the reference positions

displayed in the message (reference positions compensated by the vision process). In the following

cases, press F4 SET:

»  No reference data is set for the vision process.

» Itis necessary to modify a model found by pattern matching and update the reference data for the
vision process.

e You want to update the reference data for the vision process.

F5 CANCEL
Terminate the wizard.

9.5.2.3 Reference position setup screen

After starting the wizard when any vision process is not set to the [Vision Process Name] or pressing F2
NEXT in the Reference Data Setup screen, the Reference Position Setup screen is displayed. At this
time, TP program SET_POS.TP is generated for setting the reference position. When you press the
EDIT key on the iPendant, SET_POS.TP is displayed. (If a TP program named SET_POS.TP already
exists, the contents of the program are overwritten. Be very careful when performing operation.)
SET_POS.TP contains the following instructions:

1: UFRAME_NUM=1
2: UTOOL_NUM=1
3:L P[1] 100mm/sec FINE

The following value is set to P[1]:
*  When the reference position has been set:
The position and posture obtained by applying the vision offset to the reference position and posture
e When no reference position is set:
The found position found by the previously executed vision process
The following values are set for UFRAME_NUM and UTOOL_NUM:
*  When interference data has been set:
The user frame number and tool frame number selected in the interference data
*  When no interference data is set and the reference position has been set:
The user frame number and tool frame number used for the reference position already set
*  When neither interference data nor reference position is set:
The currently selected user frame number and tool frame

The Reference Position Setup screen is as follows.
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g] Deadman switch released

SET PO3 LINE 0O T1 ABCRTED [upele)

Busy Step

SET REFERENCE WIZARD FIME Positionl Setup - Reference Position Setup

Please rmove the robot to P[1] in the generated TP program and adjust its position. If you want to
set the P[1] as the reference position, press the [Set].

[ TYPE ] | MEXT | FIMD SET CANCEL

Each function key performs the following operations.

F1[TYPE]
Brings you to another iRVision menu screen.

F2 NEXT
Move to the next reference position setup screen. If there is no refreence position to be set, F2
COMPLETE is displayed in place of F2 NEXT.

F4 SET
Set the reference position. The position and posture obtained by subtracting the currently obtained
vision offset from the position taught in P[1] in SET_POS.TP are set as the reference position in the Parts
List Manager. Press F4 Set after moving the robot to an intended position and touching up P[1]. The
position and posture taught in the past or the position found by the vision process are set in P[1] as
described above. For this reason, you can execute the TP program, which reproduces P[1] and moves
the robot near the part and easily reteach the reference position.

F5 CANCEL
Terminate the wizard.

9.6 KAREL PROGRAM

9.6.1 KAREL Programs of Parts List Manager

The Parts List Manager provides the following KAREL programs.

IMSEARCH.PC
Select a SEARCH vision process from the SEARCH VP LIST and execute the SEARCH vision process.
And some Part Data created by SEARCH vision process result are added to the parts list.  This program
requires the following arguments.
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Argument 1:
Specify the index number of the Parts List.

Argument 2:
Specify the index number of the SEARCH vision process in SEARCH VP LIST.

Argument 3:
Specify the index number of measurement array. The specified measurement value is set as the
priority of Part Data when a Part Data is added to the Parts List.

Argument 4:
Specify the index number of a register to output the status of whether the SEARCH vision process is
successful. In the register to store the error number, one of the values shown below will be set
depending on the error that occurs:
0: Some Part Data are added to the specified Parts List.
1: No Part Data is added to the specified Parts List.

IMPOP.PC
Pop a part data from the specified Parts List. This program requires the following arguments.
Argument 1:
Specify the index number of the Parts List.
Argument 2:

Specify the index number of a register to output the status of whether the pop operation is successful.
In the register to store the error number, one of the values shown below will be set depending on the
error that occurs:
0: SUCCESS
1: FAIL

Argument 3:
Specify the index number of a register to output the Model ID of the popped Part Data. This value
is used for identifying the type of the SEARCH Vision Process result.

Argument 4:
Specify the index number of a register to output the 1D of the popped part data. This argument can
be omitted.

IMGETFINEPOS.PC
Calculate a FINE position from an offset value by a SEARCH vision process and a reference FINE
position.  This program requires the following arguments.

Argument 1:
Specify the index number of the Parts List.
Argument 2:
Specify the index number of the FINE position in FINE POSITION LIST.
Argument 3:
Specify the index number of a register to output the status of whether the operation of obtaining the
FINE position is successful. In the register to store the error number, one of the values shown
below will be set depending on the error that occurs:
0: SUCCESS
11: FAIL
Argument 4:
Specify the index number of a position register to output the FINE position.
Argument 5:
Specify the index number of a position register to output the tool offset value calculated by the
Interference Avoidance function.
Argument 6:
Specify the part ID to obtain the FINE position. This argument can be omitted. If this argument
is omitted, the operation is done to the latest popped part in the parts list.
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IMFINE.PC
Select a FINE vision process from the FINE VP LIST and execute the FINE vision process. A found
result is set to a popped Part Data or a Part Data specified by Part Data ID. This program requires the
following arguments.

Argument 1:
Specify the index number of the Parts List.
Argument 2:
Specify the index number of the FINE vision process in the FINE VP LIST.
Argument 3:
Specify the index number of a register to output the status of whether the FINE vision process is
successful. In the register to store the error number, one of the values shown below will be set
depending on the error that occurs:
0: SUCCESS
1: FAIL
Argument 4:
Specify the index number of a register to output the Model ID of the FINE Vision Process result.
Argument 5:
Specify the Part Data ID to execute the FINE Vision Process operation. This argument can be
omitted. If this argument is omitted, the FINE Vision Process operation is done to the popped Part
Data.

IMGETPICKPOS.PC
Calculate a PICK position from an offset value by a FINE vision process or a SEARCH vision process
and a reference PICK position.  This program requires the following arguments.

Argument 1:
Specify the index number of the Parts List.
Argument 2:
Specify the index number of the PICK position in the PICK POSITION LIST.
Argument 3:
Specify the index number of a register to output the status including whether the operation of
obtaining the PICK position is successful. In the register to store the error number, one of the
values shown below will be set depending on the error that occurs:
0: SUCCESS
12: Fail to calculate a position to pick up a part
13: Fail to calculate a position to approach a part
Argument 4:
Specify the index number of a position register to output the PICK position.
Argument 5:
Specify the index number of a position register to output the tool offset value calculated by the
Interference Avoidance function. The outputted tool offset value is applied for the PICK position.
Argument 6:
Specify the index number of a position register to output an APPROACH position.
Argument 7:
Specify the index number of a position register to output the tool offset value calculated by the
Interference Avoidance function. The outputted tool offset value is applied for the APPROACH
position.
Argument 8:
Specify the part ID to obtain the PICK position. This argument can be omitted. If this argument
is omitted, the operation is done to the latest popped part in the parts list.
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IMSETSTAT.PC
Set a status to a popped Part Data. By executing the KAREL program, a specified process set in the
Parts List Manager is done.  This program requires the following arguments.
Argument 1:
Specify the index number of the Parts List.
Argument 2:
Specify the status to be set to the popped Part Data. The following status can be set.
10: FINE SUCCESS
11: FINE FAIL
12: FINE IA FAIL
13: FINE CL FAIL
20: PICK SUCCESS
21: PICK FAIL
22: PICK IA FAIL
23: PICK CL FAIL
Argument 3:
Specify the part ID to set a status. This argument can be omitted. If this argument is omitted, the
operation is done to the latest popped part in the parts list.

9.6.2 KAREL Programs for Customizing the Parts List

The following KAREL programs are available for customizing the parts list.

IPCLR.PC
Clears the part data in a parts list.  This program requires the following arguments.

Argument 1:
Specify the number of a parts list.

IPCRT.PC
Obtains the found result from the specified vision process and creates part data. This program requires
the following arguments.

Argument 1:
Specify the number of a parts list.

Argument 2:
Specify the name of a vision process.

Argument 3:
Specify the measurement number (1 to 10) for which the measurement to be set as the priority of the
created part data is set.

Argument 4:
Specify the number of a register to which to output the status of this KAREL program. One of the
following values is output as the status:
0: Succeeded in creating part data.
2: Failed in creating part data because there was no found result the vision process could output
due to a position not found error.
999: Failed in creating part data due to an alarm other than a position not found error that occurred
during find operation by the vision process.

This KAREL program only creates part data and does not push it in the parts list. To push part data to
the parts list, after executing IPCRT.PC, execute IPPUSH.PC described below.
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IPPUSH.PC
Pushes part data created by IPCRT.PC in a parts list. It is necessary to create part data using IPCRT.PC
before executing IPPUSH.PC.  This program requires the following arguments.

Argument 1:
Specify the number of a parts list.

Argument 2:
Specify the number of a register to which to output the status of this KAREL program. One of the
following values is output as the status:
0: Succeeded in pushing part data in the parts list.
1. Failed in pushing parts data in the parts list because there was no part data that could be pushed.
999: Failed in pushing part data in the parts list due to an alarm other than the above (there was no
part data that could be pushed).

Argument 3:
Specify the number of a register to which to output the part data ID assigned to the pushed part data.

IPDEL.PC
Deletes the specified part data from a parts list.  This program requires the following arguments.

Argument 1:
Specify the number of a parts list.
Argument 2:
Specify the ID of part data to be deleted from the parts list.
Argument 3:
Specify the number of a register to which to output the status of this KAREL program. One of the
following values is output as the status:
0: Succeeded in deleting part data.
1: Failed in deleting part data because part data having the specified ID was not found.
999: Failed in deleting part data due to an alarm other than the above (the target part data was not
found).

IPPOP.PC
Places the specified part data in the popped state.  This program requires the following arguments.
Argument 1:
Specify the number of a parts list.
Argument 2:
Specify the part data ID of part data to be popped.
Argument 3:
Specify a pop flag.  Specify either of the following values:
1: Places part data in the popped state.
0: Places part data in the not popped state.

Argument 4:
Specify the number of a register to which to output the status of this KAREL program. One of the
following values is output as the status:
0: Succeeded in popping part data.
1. Failed in popping part data because part data having the specified ID was not found.
999: Failed in popping part data due to an alarm other than the above (the target part data was not
found).

IPGTLSTPRM.PC
Outputs the value of a parameter such as the push count in a parts list to a register. This program
requires the following arguments.
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Argument 1:
Specify the number of a parts list.
Argument 2:
Specify the name of a parameter of which value you want to obtain. You can specify one of the
following parameter names:
NUM_PUSH: Specify this name to obtain the push count.
NUM_POP: Specify this name to obtain the pop count.
UPDATE_PUSH: Specify this name to obtain the flag indicating whether to update the push
count.
Argument 3:
Specify the number of a register to which to output the status of this KAREL program. Either of
the following values is output as the status:
0: Succeeded in outputting the specified parameter to the register.
999: Failed in outputting the specified parameter to the register.
Argument 4:
Specify the number of a register to which to output the parameter value.

IPSTLSTPRM.PC

Sets the specified value for a parameter such as the push count in a parts list.  This program requires the
following arguments.

Argument 1:
Specify the number of a parts list.
Argument 2:
Specify the name of a parameter for which you want to set a value. You can specify one of the
following parameter names:
NUM_PUSH: Specify this name to set a value for the push count.
NUM_POP: Specify this name to set a value for the pop count.
UPDATE_PUSH: Specify this name to set a value for the flag indicating whether to update the
push count.
Argument 3:
Specify a value to be set for the parameter.
Argument 4:
Specify the number of a register to which to output the status of this KAREL program. Either of
the following values is output as the status:
0: Succeeded in setting the specified value for the parameter.
999: Failed in setting the specified value for the parameter.

IPGTPRTPRM.PC

Outputs the value of a parameter of part data to a register, vision register, or character register. This
program requires the following arguments.

Argument 1:
Specify the number of a parts list.
Argument 2:
Specify the ID of part data.
Argument 3:
Specify the name of a parameter of which value you want to obtain. You can specify one of the
following parameter names:
LIFE_COUNT: Blacklist count
NUM_ADD: Push count when the part data is pushed in the parts list
NUM_BL: Push count when the part data is set in the blacklist
PRIORITY: Priority
NUM_LAST_FOUND: Push count when the same part as the part data is found
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POP_STAT: Flag indicating whether the part data is popped
SCH_RSLT: SEARCH result
FINE_RSLT: FINE result
SCH_NAME: SEARCH vision process name
FINE_NAME: FINE vision process name

Argument 4:
Specify the number of a register to which to output the status of this KAREL program. One of the
following values is output as the status:
0: Succeeded in outputting the specified parameter to the register, vision register, or character
register.
1: Failed in outputting the specified parameter to the register, vision register, or character register
because part data having the specified 1D was not found.
999: Failed in outputting the specified parameter to the register, vision register, or character
register due to an alarm other than the above (the target part data was not found).

Argument 5:
Specify the number of a register, vision register, or character register to which to output the obtained
parameter value.

To obtain the value of one of the following parameters, specify a register number:
STATUS: Status

LIFE_COUNT: Blacklist count

NUM_ADD: Push count when the part data is pushed in the parts list
NUM_BL.: Push count when the part data is set in the blacklist

PRIORITY: Priority

NUM_LAST _FOUND: Push count when the same part as the part data is found
POP_STAT: Flag indicating whether the part data is popped

To obtain the value of either of the following parameters, specify a vision register number:
SCH_RSLT: SEARCH result
FINE_RSLT: FINE result

To obtain the value of either of the following parameters, specify a character register number:
SCH_NAME: SEARCH vision process name
FINE_NAME: FINE vision process name

IPSTPRTPRM.PC
Sets the specified value for a parameter of part data.  This program requires the following arguments.

Argument 1:
Specify the number of a parts list.
Argument 2:
Specify the ID of part data.
Argument 3:
Specify the name of a parameter for which you want to set a value. You can specify one of the
following parameter names:
LIFE_COUNT: Blacklist count
NUM_ADD: Push count when the part data is pushed in the parts list
NUM_BL: Push count when the part data is set in the blacklist
PRIORITY: Priority
NUM_LAST_FOUND: Push count when the same part as the part data is found
POP_STAT: Flag indicating whether the part data is popped
FINE_RSLT: FINE result
SCH_NAME: SEARCH vision process name
FINE_NAME: FINE vision process name
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Argument 4:
Specify the number of the register, vision register, or character register containing the value to be set
for the parameter

To set the specified value for one of the following parameters, specify the number of the register
containing the value:

STATUS: Status

LIFE_COUNT: Blacklist count

NUM_ADD: Push count when the part data is pushed in the parts list

NUM_BL: Push count when the part data is set in the blacklist

PRIORITY: Priority

NUM_LAST _FOUND: Push count when the same part as the part data is found

To set the specified value for either of the following parameters, specify the number of the vision
register containing the value:
FINE_RSLT: FINE result

To set the specified value for either of the following parameters, specify the number of the character
register containing the value:
SCH_NAME: SEARCH vision process name
FINE_NAME: FINE vision process name

Argument 5:
Specify the number of a register to which to output the status of this KAREL program. One of the
following values is output as the status:
0: Succeeded in setting the specified value for the parameter.
1. Failed in setting the specified value for the parameter because part data having the specified ID
was not found.
999: Failed in setting the specified value for the parameter due to an alarm other than the above
(the target part data was not found).

IPENDPOS.PC
Searches a range from the specified position for part data and outputs the ID of the part data. This
program requires the following arguments.

Argument 1:
Specify the number of a parts list.
Argument 2:
Specify the number of a position register containing position data. Part data is found when the
distance (dist(pos, found_pos)) between this position (pos) and part data found position (found_pos)
is within the range (dist_min < dist(pos, part_pos) < dist_max).
Argument 3:
Specify a direction whose value is to be used for calculating dist(pos, found_pos) above. Specify
one of the following items:
X: Uses the X-direction element for calculating the distance.
Y: Uses the Y-direction element for calculating the distance.
Z: Uses the Z-direction element for calculating the distance.
XY: Uses the XY-direction element for calculating the distance.
XZ: Uses the XZ-direction element for calculating the distance.
YZ: Uses the YZ-direction element for calculating the distance.
XYZ: Usesthe XYZ-direction element for calculating the distance.
Argument 4:
Specify dist_min above.
Argument 5:
Specify dist_max above.
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Argument 6:
Specify part data to be output when multiple part data items satisfying dist_min < dist(pos, part_pos)
< dist_max above are found. A value of 1 is specified for the index when the part data nearest
dist_min is output. The value specified for the index is incremented each time part data is output in
ascending order of closeness to dist_min.

Argument 7:
Specify the number of a register to which to output the status of this KAREL program. One of the
following values is output as the status:
0: Succeeded in searching for part data satisfying the relevant condition.
1: Failed in searching for part data because there was no part data satisfying the condition within
the specified range.
999: Alarm other than the above

Argument 8:
Specify the number of a register to which to output the ID of the found part data.

Argument 9:
Specify the number of a register to which to output the distance between the output part data and
position set in the position register specified for argument 2.

IPFNDPUSH.PC
Searches for part data whose push count when it is added to the parts list is within the specified range and
outputs the ID of the part data.  This program requires the following arguments.

Argument 1:
Specify the number of a parts list.

Argument 2:
Parameter for determining the part search range. The KAREL program searches for part data
whose push count when it is added to the parts list is between the value specified for argument 2 and
the value specified for argument 3.

Argument 3:
Parameter for determining the part search range. The KAREL program searches for part data
whose push count when it is added to the parts list is between the value specified for argument 2 and
the value specified for argument 3.

Argument 4:
Specify part data to be output when multiple part data items satisfying the condition specified for
arguments 2 and 3 above are found. A value of 1 is specified for the index when the part data
whose push count nearest to the push count specified for argument 2 is output. The value specified
for the index is incremented each time part data is output in ascending order of closeness to the push
count specified for argument 2.

Argument 5:
Specify the number of a register to which to output the status of this KAREL program. One of the
following values is output as the status:
0: Succeeded in searching for part data satisfying the relevant condition.
1: Failed in searching for part data because there was no part data satisfying the condition within
the specified range.
999: Alarm other than the above

Argument 6:
Specify the number of a register to which to output the ID of the found part data.

Argument 7:
Specify the number of a register to which to output the push count when the output part data is
added to the parts list.

IPENDPRI.PC
Searches for part data with high priority and outputs the ID of the part data. This program requires the
following arguments.

-216 -



B-83304EN-5/04 9.PARTS LIST MANAGER REFERENCE

Argument 1:
Specify the number of a parts list.
Argument 2:
Specify the priority order of part data to be output. A value of 1 is specified for the index when the
part data with the highest priority in the parts list is output. The value specified for the index is
incremented each time part data is output in descending order of priority.
Argument 3:
Specify the number of a register to which to output the status of this KAREL program. One of the
following values is output as the status:
0: Succeeded in searching for part data satisfying the relevant condition.
1: Failed in searching for part data because there was no part data within the specified range.
999: Alarm other than the above
Argument 4:
Specify the number of a register to which to output the ID of the found part data.
Argument 5:
Specify the number of a register to which to output the priority of the output part data.

IPENDVP.PC
Searches for part data whose SEARCH vision process name is the specified vision process name and
outputs the ID of the part data. This program requires the following arguments.

Argument 1:
Specify the number of a parts list.

Argument 2:
Specify a vision process name for searching for part data.

Argument 3:
Specify the priority order of part data to be output when there are multiple part data items with the
vision process name specified for argument 2. A value of 1 is specified for the index when the
following part data is output. The SEARCH vision process in the parts list containing the part data
is the vision process name specified for argument 2 and the part data has the highest priority. The
value specified for the index is incremented each time part data is output in descending order of
priority.

Argument 4:
Specify the number of a register to which to output the status of this KAREL program. One of the
following values is output as the status:
0: Succeeded in searching for part data satisfying the relevant condition.
1: Failed in searching for part data because there was no part data within the specified range.
999: Alarm other than the above

Argument 5:
Specify the number of a register to which to output the ID of the found part data.

IPCLRARPQOS.PC
Use this KAREL program only when using the Search Area Restriction Tool. This KAREL program
initializes the list of positions set as the search area provided for each parts list (search area list). This
program requires the following arguments.

Argument 1:
Specify the number of a parts list. When a value of 0 is specified, the KAREL program initializes
the search area lists for all parts lists.

IPSETARPOS.PC
Use this KAREL program only when using the Search Area Restriction Tool. This KAREL program
sets the found position of the specified part data or position stored in a position register to the search area
list. This program requires the following arguments.
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Argument 1:
Specify a type of position to be set.  You can specify one of the following values:
1. Sets the found position of picked part data.
2: Sets the found position of part data added to the blacklist.
3:  Sets the position stored in the specified position register.

Argument 2:
When specifying 1 or 2 for argument 1, specify the number of the register containing the ID of
picked part data or part data set in the blacklist. When specifying 3 for argument 1, specify the
number of the position register containing a position you want to set for the search area.

Argument 3:
Specify a search area list in which to set the obtained position. Each parts list has a search area list.
So, specify the number of a parts list.

Argument 4:
Specify the number of a register to which to output the status of this KAREL program. One of the
following values is output as the status:
0: Succeeded in setting the specified position as the search area.
1: Failed in setting the specified position as the search area.

Argument 5:
When specifying 3 for argument 1 to use a position register for search area restriction, specify the
user frame number of the coordinate system indicating the position stored in the position register.
When specifying 1 or 2 for argument 1, do not enter argument 5.
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10 BINPICKING CONFIG

The bin picking setup function is used to set up the configuration of interference avoidance function and
Parts List Manager. If you press MENU on the iPendant and select [8 Bin Picking Cfg] from [8

iRVision], the following screen appears.

Busy Step Haold Skl Deadman switch released
SET POS LINE O T1 ABORTED

(]
Fun  |[EE Prod TCyo

Bin Picking Cfg

1/2

1 Interference Avoidance Configuration

2 Parts List Manager Configuration

[ TYPE ] | DETAIL | | | |

Interference Avoidance Configuration
Place the cursor on [Interference Avoidance Configuration] and press the F2 DETAIL. The Interference
Avoidance Configuration screen appears.

Parts List Manager Configuration
Place the cursor on [Parts List Manager Configuration] and press the F2 DETAIL. The Parts List
Manager Configuration screen appears.

10.1 INTERFERENCE AVOIDANCE CONFIGURATION

If you select Interference Avoidance Configuration from the bin picking configuration main screen, the
following screen appears. This screen allows you to change the maximum number of interference
avoidance data sets that can be created. Changes to these parameters are applied by cycling power on
the robot controller.
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£] Deadman switch released

SET_POS LINE O T1 ABORTED [ueyed

Busy Step

2 1/0

Bin Picking

1/7
Num. Of Interference Setup (System) :|JJJH&
Num. Of Container: 2
Num. Of Fixed Object: 5
Num. Of Interference Setup (Robot): 2
Num. Of Tool Object: 20
Num. Of Interference Setup{Cond.): 10
Num. Of IA Results: 1

[ TY¥FPE ] | MATN | | | |

Num. of Interference Setup(System)
The maximum number of interference avoidance data sets (system data) can be changed.

Num. of Container
The maximum number of container objects to be set in interference avoidance data (system data) can be
changed.

Num. of Fixed Object
The maximum number of fixed objects to be set in interference avoidance data (system data) can be
changed. Note that this represents the total number of fixed objects to be created for all system data, not
the maximum number of fixed objects to be created for a single system data set.

Num. Of Interference Setup(Robot)
The maximum number of interference avoidance data sets (robot data) can be changed.

Num. Of Tool Object
The maximum number of tool objects to be set in interference avoidance data (robot data) can be changed.
Note that this represents the total number of tool objects to be created for all robot data, not the maximum
number of tool objects to be created for a single robot data set.

Num. Of Interference Setup(Cond.)
The maximum number of interference avoidance data sets (avoidance condition data) can be changed.

Num. Of IA Results
The maximum number of results to be output after interference avoidance calculation can be changed. If
you change the maximum number to have multiple interference avoidance results output, the interference
avoidance position does not need to be recalculated at the time of FINE vision process or part picking.
The processing may take slightly longer, however, because multiple interference avoidance results are
calculated every time.
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10.2 PARTS LIST MANAGER CONFIGURATION

If you select Parts List Manager Configuration from the bin picking configuration main screen, the
This screen allows you to change the maximum number of parts list manager

following screen appears.
Changes to these parameters are applied by cycling power on the robot

data sets that can be created.

controller.

Eusy

Srep Hold

Fault

Fun

Bin Picking

% I1/0 Prod

Num. Of
Num. Of
Num. Of
Num. Of
Num. Of

TCyo

Parts List:

SEACRH Vision Process :

FINE Vision Process :
FINE Position:
PICK Position:

TEST1 LINE O T1 ABCRTED [apelnd)

Num. Of Parts List

[ TY¥FPE ] |

MATN |

The number of parts lists can be changed.

Num. Of SEARCH Vision Process

The number of processes that the Parts List Manager can set for a search vision list can be changed.

Num. Of FINE Vision Process

The number of processes that the Parts List Manager can set for a fine vision list can be changed.

Num. Of FINE Position

The number of positions that the Parts List Manager can set for a fine vision list can be changed.

Num. Of PICK Position

The number of positions that the Parts List Manager can set for a pick position list can be changed.
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11 customizaTion

11.1 HOW TO CUSTOMIZE WHEN THE CONTAINER POSITION
MOVES

In a bin picking system, the container position may change every time the container is replaced. In such
a case, the following problems may arise:

The interference avoidance function misjudges frequently.
The container object that is set in the interference avoidance system data remembers the position and
size of the container based on the positions of three points on the reference user frame set in the
system data. For this reason, if the container position changes, the remembered container object
position does not match the actual position of the container, thus making the interference avoidance
function prone to mistakenly detect interference when there is actually no interference or vice versa.

The search window is not set correctly.
In the SEARCH vision process, the search window for a part is usually set along the inner wall of
the container in which the part is present. However, if the container position moves, the search
window is not set correctly along the inner wall of the container, potentially making it impossible to
detect the part. (See the figure below.)

\ \

Camera Search Window Camera Search Window

=)

Container moves

Container Before the move \;\

In the cases described above, use the function that automatically moves the container object and search
window. This function moves them internally using the detection result of the vision process that
detects the container position.

First, create and set up the vision process that detects the container position.

Creating and Setting up the Container Detection Vision Process
On the Vision Setup page, create and set up the vision process that detects the container position. When
the optical axis of the fixed camera installed in the upper part of the container is almost perpendicular to
the horizontal plane of the container, as in the bin picking system with a 3D Laser Vision Sensor, it is
recommended to create a "2-D Single-View Vision Process" using this camera. When the optical axis of
the fixed camera installed in the upper part of the container is inclined with respect to the horizontal plane
of the container, as in the bin picking system with 3D Area Sensor, and this camera is used for container
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detection, it is recommended to use the "2-D Multi-View Vision Process". For information about
teaching the "2-D Single-View Vision Process" and "2-D Multi-View Vision Process”, refer to Chapter 6
"VISION PROCESSES" in the "R-30iB/R-30iB Mate CONTROLLER iRVision OPERATOR'S
MANUAL (Reference)".

Changing TP Programs

This section describes how to change the TP programs described in Section 4.1 "BIN PICKING
SYSTEM WITH 3D AREA SENSOR " to TP programs that use the container detection result for bin
picking. You also can change the TP program of other bin picking system in the same procedure.

First, in addition to the registers used in the TP programs described in Subsection 4.1.10 "Creating TP
program", the following registers are used:
R[15] Maximum number of retries allowed for container detection
R[16] Number of retries made for container detection

Also, the following vision register is newly used:
| VR[1] | Vision register that stores the container detection result |

BIN_FIND _CONTAINER.TP

Add a TP program that detects the container. If the attempt to get the offset data fails, continue to retry
until the value set in Register [15] is reached. If the number of retries exceeds the value set in Register
[15], a user alarm is output. In the TP program shown below, the name of the vision process that detects
the container is CNTROFS.

1: ! Move to snapping position Move to a position to snap an
2:J P[2] 100% FINE — image

3:

4 RLEIEE Set maximum number of times to
4: R[16]=0 retry

5: :

6: LBL[10] -

7: ! Check retry times Set 0 to the number of times retry .
9:

10: ! Run CONTAINER OFFSET process Terminate the cycle if the number
11: VISION RUN_FIND 'CNTROFS' of times of retry exceed the
12: VISION GET_OFFSET ‘CNTROFS’ VR[1] JMP LBL[91] maximum number of times.

13:

14: END .

15: Run the vision process for
16: | Retry CONTAINER OFFSET process CONTAINER OFFSET.

17: LBL[91]

18: R[16]=R[16]+1 \

19: IMP LBL[10] Retry _C_ON_TAINER OFFSET
20: process if it fails.

21: | ALARM

22: LBL[99]

23: UALM[2]

24: END

BIN_PICKING.TP

In BIN_PICKING.TP described in Subsection 4.1.9 "Creating TP Program ", change the part shown
bold below.

n
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1: UTOOL_NUM=1

2: UTOOL_NUM=1 Add the instruction for calling the
3: CALL BINPICK_CLEAR (1) / program for CONTAINER OFFSET
4.

5: CALL BIN_FIND_CONTAINER

6:

7: ' SEARCH

8: LBL[1]

9:L P[1] 2000mm/sec FINE

10: CALL BINPICK_SEARCH(1,1,10)
11: IF R[10]<>0,JMP LBL[99]

12:

13: | POP

14: LBL[2]

15: CALL BINPICK_POP(1,11,12)
16: IF R[11]<>0,JMP LBL[1]

11.1.1 Moving the Container Object in the Interference Setup Data
According to the Amount of Container Travel

Setting Up the Interference Avoidance System Data
In the interference avoidance system data setup screen, enter the index number of the vision register
described earlier that stores the result of the container detection vision process in the [VR] for [Container
offset].

|C|:|ntainer offset: VR 1

In the tree view of the interference avoidance system data setup screen, select the child object that moves
together with the container and check the [Shift Object Pos.] checkbox for that object.

|Shift Object Pos.: — I

11.1.2 shifting the Search Window According to the Amount of
Container Travel (Bin-Pick Search Vis. Process)

Adding and Teaching the Window Shift Tool
Add the Window Shift Tool so that the tree view of "Bin-Pick Search Vis. Process" has the following
structure:

E|- ®- Bin-Pick Search vis. Process
@ Window Shift Tool 1

From the [Mode] selection box in the setup page of the Window Shift Tool, select [Other VP Result].
Mode: Other VP Result/»

In the [Other VP Result] text box of the setup page of the Window Shift Tool, set the index number of the
vision register that stores the result of the container detection vision process.

Other WP Result: WR 1

- 224 -



B-83304EN-5/04 11.CUSTOMIZATION

In [Reference Z] of the setup page of the Window Shift Tool, set the same value that is set in [Part Z
Height] for the container detection vision process.

Reference Z: 500.0f{mm I

After executing the container detection vision process from the TP program, get the vision offset and
store the result in the vision register. Then, in the setup page of the GPM Locator Tool for the Bin-Pick
Search Vis. Process, teach the model and set the search window.

In the [Window Center] text box of the setup page of the Window Shift Tool, set the center position of
the search window of the GPM Locator Tool used to detect a part inside the container.

Setup Page of GPM Tool  |search window: (25,46) 388520

I Set the center of
Setup Page of Window Window Canter: I—p 218 — Search Window
ShlﬁTOOI W INAQowW enter: el alla

11.1.3 shifting the Search Window According to the Amount of
Container Travel (3D Area Sensor Vision Process)

Adding and Teaching the Window Shift Tool

Add the Window Shift Tool so that the tree view of "3D Area Sensor Vision Process" has the following
structure:

|E| m 3D Area Sensor Vision Process

= 713 Window Shift Tool 1
E Area Senszor Preprocess Tool 1

\_& Area Sensor Peak Locator Tool 1
From the [Mode] selection box in the setup page of the Window Shift Tool, select [Other VP Result].
Mode: Other WP Result

In the [VR], set the index number of the vision register that stores the result of the container detection
vision process mentioned above.

Cther WP Result: WR 1

When using the GPM Locator Tool for the 3D Area Sensor Vision Process, set [Reference Z] and
[Window Center] as well. For details about the setting method, see Subsection 11.1.2, [Shifting the
Search Window According to the Amount of Container Travel (Bin-Pick Search Vis. Process)].

Teaching the Area Sensor Preprocess Tool
After executing the container detection vision process from the TP program, get the vision offset and
store the result in the vision register. Then, teach the container shape in the setup page of the Area
Sensor Preprocess Tool.  For details about the setting method, refer to Chapter 7 "COMMAND TOOLS"
in the "R-30iB/R-30iB Mate CONTROLLER iRVision OPERATOR'S MANUAL (Reference)".
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11.2 HOW TO CUSTOMIZE TO REDUCE PROCESSING TIME
FOR SEARCH

This section describes how to reduce the processing time for SEARCH.

11.2.1 Using an Image Register

An image register is an area in memory assigned to temporarily store a snapped image. By saving the
data necessary for detection, such as the snapped image and the robot position at the time of snapping to
the image register, snapping and detection can be performed independently.

In a TP program where multiple SEARCH vision processes are set and the vision processes are switched
until the part is detected, as shown on the left side of the following figure, an image is snapped each time
a vision process is executed, regardless of whether the status of the part has changed, thus making the
time it takes to snap images longer than necessary. To resolve this problem, the image snapped before
the first vision process is executed is saved in the image register and the subsequent vision processes use
this image stored in the image register. This eliminates the need to snap an image for each vision
process, leading to a shorter SEARCH time.

Store the image to
the image register

Run find Run find
> - S > _—
Sl (Process A) nap (Process A)
S Using a image register I ST
R un fin | un fin
> snap g (Process B) (Process B)

Run find
(Process C)

Nl
1
_ 1
Shap > Run find : ,

(Process C)

Save time for twice snapping
The method to achieve customization for a bin picking system using an image register is described below.

Creating an Image Register
Set the number of necessary image registers in the system variable $VISION_CFG.$NUM_IMREGS.
The default value is 0. Also, set the size of the image register in the system variable
$VISION_CFG.$IMREG_SIZE. The default value is 300. Depending on the camera or sensor in use,
set the value as follows:

»  Black-and-white digital camera

320 x 240 = 75
640 x 480 = 300
1024 x 768 = 768
1280 x 1024 = 1280
1280 x 480 = 600
640 x 960 = 600
*  Analog camera = 300

. 3D Laser Vision Sensor = 1500

After changing the values of the system variables $VISION_CFG.$NUM_IMREGS and
$VISION_CFG.$IMREG_SIZE, cycle power on the controller re-create the image registers.
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Setting up the Parts List Manager
Open the Parts List Manager setup page, and select [SEARCH VP List] from the drop-down box for
changing the setup page. In the list view, select the program to be executed using the image register,
and set the index number of the created image register in [Img. Reg].

|I|'|'|g. Reg: 1w

Changing the TP Program
This section describes how to change the TP program described in Section 4.2 "BIN PICKING SYSTEM
WITH 2D CAMERA" to a TP program that uses an image register for SEARCH. In BIN_PICKING.TP,
change the parts shown in bold below.

First, in addition to the registers used in the TP programs described in Subsection 4.2.10 "Creating TP
program”, the following registers are used:

I R[5] | SEARCH list ID of the Parts List Manager I
1: UFRAME_NUM=1
2: UTOOL_NUM=1
3: CALL BINPICK_CLEAR(1) Add the instruction to snap an image
4 and store it in the image register.
5: 1 SEARCH
6: LBL[1]
7:L P[1] 2000mm/sec FINE
8: CALL IRVSNAP('SEARCHL', 1) Add the instruction to set the ID
9: R[5]=1 +— number of SEARCH vision process
10: LBL[10] which runs in the first.
11: CALL BINPICK_SEARCH(1,R[5}10Q)
12: IF R[10]<>0,JMP LBL[11] —— | Change to specify the ID number of
iii JMP LBL[2] the SEARCH vision process by R[5].
15: LBL[11]
16: SELECT R[5]=1,JMP LBL[12] <— - . -
17 =2,JMP LBL[13] Switch the vision program if
18:  ELSE,JMP LBL[99] SEARCH fails.
19:
20: LBL[12] Add the instruction to select the vision
21: R[5]72 «— process which is listed in the next in
22: JMP LBL[10] the SEARCH List if no parts are
23: found.
24: LBL[13]
25: R[5]=3 «— . . L
26: JMP LBL[10] Add the instruction to select the vision
27: process which is listed in the next in
28: | POP the SEARCH List if no parts are
29: LBL[2] found.

30: CALL BINPICK_POP(1,11,12)
31: IF R[11]<>0,JMP LBL[1]
32:

11.2.2 Search Area Restriction Tool

In a bin picking system, the search window for a SEARCH vision process is almost always set so that it
encloses the entire container of parts. However, when the next SEARCH is conducted after a part is
picked, as shown in the following figure, a change in the part pile status is limited in many cases to the
area surrounding the part that has been picked or failed to be picked.
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PICK

; Search
FAIL Area
PICK =
SUCCESS ()
Next SEARCH
Search Window Search Window

In such a case, set additional search areas (bold line circles in the above figure) limited to around the
positions where the part pile status has changed inside the preset search window surrounding the entire
container. By searching for a part within these limited search areas, the SEARCH vision process time
can be reduced. iRVision provides the Search Area Restriction Tool that features this function. This
section describes how to set up the Search Area Restriction Tool. Note that the Search Area Restriction
Tool can be used only when the Bin-Pick Search Vis. Process is used as the SEARCH vision process.

Setting up the Search Area Restriction Tool
Create the Search Area Restriction Tool as a child tool of the Bin-Pick Search Vis. Process. In addition,
create the Locator Tool as a child tool of the Search Area Restriction Tool.

|E|- 3#‘ Ein-Ficlk Search Vis. Process
=} u Search Area Restriction Tool 1
[® GPM Locator Tool 1

The GPM Locator Tool is a child of the Search Area Restriction Tool. Set the status of the GPM
Locator Tool to Trained.

In [Enable Restrict], specify the index number of the register to be used to toggle between enabling and
disabling the search area restriction function. Here, set Register [12] to toggle between enabling and
disabling the search area restriction function, as appropriate for the sample TP programs described later.

|Ena|:u|e Restrict: =3 12 ¥| v| A| ﬁ| I

Here is an explanation of when the search area restriction function should be enabled and disabled.
When a search area is set only around the position where the part pile status has changed, as shown in the
following figure, the system may not detect any part because there is no part inside the limited search area.
In that case, disable the search area restriction function and execute the search again. This allows the
system to search the preset search window surrounding the entire container for parts, preventing frequent
system stoppages. When the system cannot detect any part inside the limited search area, as described
above, disable the search area restriction function. Then, after the system becomes able to detect a part,
enable the search area restriction function again.
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Enable Restrict Enabled (R[12]=1) Enable Restrict Disabled (R[12]=0)

Picked
part

=)

Search Retry SEARCH

Area
AN

Search Window Search Window

In [Search Window], press the [Set] button to set the search window surrounding the entire container.

|Searchwindnw: (94,133) 340x434 |

In [Part List ID], select the parts list ID from which to get the position where the part pile status has
changed. Here, select Parts List 1, as appropriate for the sample TP programs described later.

Part List ID:

In [Diam. Of Sch. Area], set the number of pixels representing the size of the search area to be set in the
position where the part pile status has changed.

|[piam. of sch. area: [ 100 pix ¥ v| | 2] |

Changing TP Programs
This section describes how to change the TP programs described in Section 4.2 "BIN PICKING
SYSTEM WITH 2D CAMERA" to TP programs that use the Search Area Restriction Tool for SEARCH.

First, in addition to the registers used in the sample TP programs described in Subsection "4.2.10 Creating
TP Program", the following registers are used:

Table of Registers to Be Used Newly
R[15] Register to toggle between enabling and disabling the Search Area Restriction Tool. The
set value indicates one of the following statuses:
0: Disable the Search Area Restriction Tool
1: Enable the Search Area Restriction Tool
R[16] Status of IPSETARPOS. One of the following values is set:
0: Succeeded in setting the specified position as the search area
1: Failed to set the specified position as the search area

Change BIN_PICKING.TP as shown below.
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9

10:
11:
12:
13:

Nk E

UFRAME_NUM=1

UTOOL_NUM=1
CALL BINPICK_CLEAR E/
CALL IPCLRARPOS(1)

R[15]=0 +

| SEARCH
: LBL[1]
:L P[1] 2000mm/sec FINE

CALL BINPICK_SEARCH(1,1,10)
CALL IPCLRARPOS(1)

JMP LBL[2]

14

15:
16:
17:
18:
19:

LBL[10]
IF R[15]=0,JMP LBL[99] +—
CALL IPCLRARPOS(1)

R[15]=0
JMP LBL[1]

20:

21:
22:
23:
24.

| POP

LBL[2]

CALL BINPICK_POP(1,11,12)
IF R[11]<>0,JMP LBL[1]

25:

26:
27:
28:

! Get PICK position
CALL BINPICK_GETPICKPOS(1,1,14,20,21,22)
IF R[14]=0,JMP LBL[3]

29:

30:
31:

CALL BINPICK_SETSTAT(1,22)
JMP LBL[2]

32:

33:
34.

35
36
37

38:
39:
40:
41:

I PICK

LBL[3]

:L P[2] 2000mm/sec CNT100

:L PR[22] 2000mm/sec CNT50

:L PR[20] 500mm/sec FINE

! Insert program instructions to grasp t
CALL IPSETARPOS(1,13,1,16)
R[15]=1
CALL BINPICK_SETSTAT(1,20)

42:

43:

44
45
46

I PLACE

:L P[3] 2000mm/sec } 474100

'L P[4] 2000mm/sec FINE

: ! Insert program instructions to place the part.

47.

48
49

: 1 Continuous PICK
: JMP LBL[2]

50:

51:
52:

53

11.3

| END
LBL[99]
:J P[5] 100% FINE

Add the instruction to clear the Search
Area List.

Add the instruction to set disabled to
restriction for the first SEARCH.

If some parts are found, clear the
Search Area List.

Terminate the process if SEARCH
fails with restriction disabled.

Retry SEARCH with restriction
disabled if it fails with restriction
enabled.

Add the instruction to set the found
position of the picked part as the
Search Area.

Add the instruction to set enabled to
restriction for the next SEARCH

HOW TO CUSTOMIZE TO EXECUTE THE SEARCH
PROCESS IN THE BACKGOURND PROCESS

In the TP program described in Chapter 4 "BASIC SETUP PROCEDURE", the SEARCH process is
executed after the robot moving the robot out of the camera’s field of view and stopping. The TP

program may cause waste of time by stopping the robot at each the SEARCH process.

The cycle time

can be reduced by executing the SEARCH process or calculating a PICK position while the robot places
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the picked part. The cycle time of the bin picking system with the 3D Area Sensor can be particularly
reduced because the 3D Area Sensor takes much time to acquire a 3D map. Using examples of bin
picking system described in Section 4.1 "BIN PICKING SYSTEM WITH 3D AREA SENSOR" and
Section 4.4 "FIXED FRAME OFFSET SYSTEM WITH 3D AREA SENSOR", some sample programs
that the process is executed in the background process are descried below.

11.3.1 Bin Picking System with 3D Area Sensor

This subsection describes a sample program that the process is executed in the background process using
the bin picking system described in Section 4.1 "BIN PICKING SYSTEM WITH 3D AREA SENSOR".

If there are multiple containers to pick up parts, please refer to Section 11.4 "HOW TO CUSTOMIZE
BIN PICKING SYSTEM WITH MULTIPLE CONTAINERS".

Flow of the System
The flow chart of the system described below is as follows.

BIN_PICKING_SUB.TP BIN_PICKING_MAIN.TP

Move to
home position

LBL[100]
Move to a position
to snap image

BINPICK_ACQUIRE3DMAP

BINPICK_SEARCH

LBL[400] Success

BINPICK_POP
M

BINPICK_GETPICKPOS

>
>

Fail

LBL[600]

BINPICK_ACQUIRE3DMAP

BINPICK_SEARCH

BINPICK_POP

BINPICK_GETPICKPOS

Success

-------------------- ;

Start
Background proces:

Fail

Fail

i [ Move to a position to
wait for the end of

background process

Fail

H A
L End
Background process,

Success

Success

home position
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As can be seen from the figure above, there are the following two major TP programs, which are the main
program (the BIN_PICKING_MAIN.TP in the figure above) and the sub program (the
BIN_PICKING_SUB.TP in the figure above). The instructions that involve the robot motion are
executed by the main program and the instructions that do not involve the robot motion are executed by
the sub program. The sub program is called just before the robot placing the holding part and executes
the following processes in the background while the robot places the holding part.

e POP

e  Get PICK position

e Acquire 3D map

e SEARCH

The background process is only executed while the robot places the part it is holding because the main
program waits for the end of the background process. But, the processes described the above are also
executed by the main program before the first part is picked or when the robot fails to pick up a part.

The TP programs explained below use the following registers, position registers, tool frame, and user
frame.

Table of Registers to Be Used

R[1] The running status of the system. Values to be set represent the following states:
0: Normal
1. Cannot detect a part.
R[2] The status that represents whether the robot holds a part. Values to be set represent the

following states:
0: Does not hold a part.
1. Holds a part.

R[3] The status of the background process. Values to be set represent the following states:
0: Not completed.
1. Completed.

R[4] The status of SEARCH vision process

R[5] The status of POP

R[6] Model ID of the popped part data

R[7] Status of the get PICK position process. One of the following values is set:
0: Success

12: Failed to get the interference avoidance position at the PICK position

13: Failed to get the interference avoidance position at the position to approach a part
R[8] The flag indicating that the robot is within the camera’s field of view.

0: The robot is within the camera’s field of view.

1: The robot is out of the camera’s field of view.

Table of Position Register

PR[20] Result of interference avoidance for the part pick position (avoidance position)
PR[21] Result of interference avoidance for the part pick position (tool offset value)
PR[22] Result of interference avoidance for the approach position (avoidance position)

Table of Tool Frame to Be Used
[ uTooL[1] | TCP of the hand |

Table of User Frame to Be Used
I UFRAME[1] | Reference user frame I

The Parts List Manager is set as follows.
The SEARCH vision process 1D of the SEARCH VP List of the Parts List Manager to use: 1
The PICK position ID of the PICK Position List of the Parts List Manager to use: 1
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BIN_PICKING_MAIN.TP
This is the main program for bin picking.

I Initialize data Initialize data.
R[1]=0
R[2]=0
R[8]=0
CALL BINPICK_CLEAR (1)

Move to a home position

! Move to home position
UFRAME_NUM=1

: UTOOL_NUM=1

10:J P[1] 100% FINE

11:

12: ! Move to snapping position - -
13: LBL[lOO] Move to a position to snap an image
14: UFRAME_NUM=1
15: UTOOL_NUM=1

CoNdoaRrwD R

— | The flag indicating that the robot is

16:J P[11] 100% FIN within the camera's field of view is set
17: R[8]=1 «— to 1.
18:

19: | ACQVAMAP :
20: LBL[200] / Acquire a new 3D map.
21: CALL BINPICK_ACQUIRE3DMAP ('SENSOR)
22:

23: | SEARCH

24: LBL[300] / Execute a SEARCH vision
25: CALL BINPICK_SEARCH(1,1,4) process.

26: IF R[4]=0,JMP LBL[400]
27: ! SEARCH Fall

28: R[1]=1

29: JMP LBL[999]

30:

31: | POP

32: LBL[400] ‘— - Pop a part data from the Part list.
33: CALL BINPICK_POP(1,5,6)

34: IF R[5]=0,JMP LBL[500] If any part data is not popped, move to
35: | POP Fall / a pOSitiOn to snap an image-
36: JMP LBL[100]

37:

38: | GETPICKPOS

39: LBL[500]

40: CALL BINPICK_GETPICKPOS(1,1,7,20,21,22)
41: IF R[7]=0,JMP LBL[600]

42: | GETPICKPOS Fail If the BINPICK_GETPICKPOS fails,
43: CALL BINPICK_SETSTAT(1 pop a new part data.
44: JMP LBL[400]

45:
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46: ! PICK
47: LBL[600]

48: UFRAME_NUM=1
49: UTOOL_NUM=
50: R[8]=0

52:L P[61] 500mm/sec CNT50

53: ! Move to PICK position
54:L PR[22] 500mm/sec CNT50 +—
55:L PR[20] 200mm/sec FINE

56: ! Insert program instructionSe—
57: !to grasp the part.

58:
59:L P[62] 300mm/sec FINE INC< _

60: ! Insert program instructions to
61: ! whether grasping succeeds or not

62:
63: IF R[2]=1,JMP LBL[610]
64: ! PICK Falil

65: CALL BINPICK_SETSTAT(1,21)

66: JMP LBL[400]

67: | PICK Success

68: LBL[610]

69: CALL BINPICK_SETSTAT(1,20

70:L P[63] 500mm/sec CNT100

71:

72: ! Start Background Calc and PLACE

73: LBL[700]

74: R[3]=0

75: RUN BIN_PICKING_SUB

76:J P[71] 100% CNT100 TA .T sec,
CALL ROBOT_VIEWOUT+—

77:L P[72] 300mm/sec CNT100

78:L P[73] 300mm/sec FINE

79: ! Insert program instructions t

80: ! place the part

81:

82:L P[72] 300mm/sec CNT100

83:L P[71] 300mm/sec CNT100

84: WAIT R[3]=1

85: ! End BackgroM
86:

87: IF R[1]=1,JMP LBL[999]

88: JMP LBL[600]

89:

90: LBL[999]

91: UFRAME_NUM=1

92: UTOOL_NUM=1

93:J P[1] 100% FINE

BIN_PICKING_SUB.TP

This is the sub program. The sub program is called just before the robot places the picked part.

The flag indicating that the robot is
within the camera’s field of view is set
to 0.

Move to a above position of the
container.

Move to a position to approach a part.

Grasp the part.

Move to a position to leave the
container

Check if the robot holds the parts.

If the robot does not hold the part, pop
a next part data.

Move to a above position of the
container.

Start the background process to get a
next PICK position.

The flag indicating that the robot is
within the camera's field of view is set
to 1 after moving to a position that the
robot is not within the camera’s field
of view.

Place the picked part.

Wait for the end of background
process.

The

following processes are executed in the background while the robot places the holding part.

POP
Get PICK position
Acquire 3D map
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e SEARCH

JMP LBL[300] First, go to the process to pop a part
data.

| ACQVAMAP

LBL[100]

WAIT R[8]=1

| CALL BINPICK_ACQUIRE3DMAP('SENSORY)

. | SEARCH Execute a SEARCH vision

: LBL[200] / process.
10: CALL BINPICK_SEARCH(1,1,4)
11: IF R[4]=0,JMP LBL[300] If the SEARCH vision process finds
12: ! SEARE_ no parts, the register indicating the
13: R[1]=1 running status is set to 1 and the
14: R[3]=1 background process ends.
15: END

CcoNORWON R

17: 1 POP
18: LBL[300]
19: CALL BINPICK_POP(1,5,6)

20: IF R[5]=0,JMP LBL[400] If any part data is not popped, move to
21: ! Pop Fall / a position to snap an image.
22: JMP LBL[100]

24: 1 GETPICKPOS

25: LBL[400]

26: CALL BINPICK_GETPICKPOS(1,1,7,20,21,22)
27: IF R[7]=0,JMP LBL[410]

28: ! GETPICKPOS Fail If the BINPICK_GETPICKPOS fails,
29: CALL BINPICKW pop a new part data.

30: JMP LBL[300]

31: ! GETPICKPOS Success If the BINPICK_GETPICKPQOS

32: LBL[41_ succeeds, the background process
33: R[3]F1 ends.

ROBOT_VIEWOUT.TP
This program sets the flag indicating that the robot is within the camera’s field of view is setto 1. This
program is called by the TA instruction just after the robot moving to out of the camera's field of view.
To ensure that the robot is out of the camera’s field of view, the sub program waits for the process to
acquire a 3D map while 0 is set to the R[8]. If there is any problem in the acquired 3D map, please
adjust the time of the TA instructions or the robot position to call this program in the main program.

1. R[8]=1 The flag indicating that the robot is
within the camera’s field of view is
setto 1.

11.3.2 Fixed Frame Bin System with 3D Area Sensor

This subsection describes a sample program that the process is executed in the background process using
the bin picking system described in Section 4.4 "FIXED FRAME SYSTEM WITH 3D AREA SENSOR".

Flow of the System
The flow chart of the system described below is as follows.
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BIN_PICKING_SUB.TP BIN_PICKING_MAIN.TP

Move to
home position

Move to a position
to snap image

LBL[200] v
BINPICK_ACQUIRE3DMAP ]

VISION RUN_FIND

,—|LBL[400] l Success

m VISION GET_OFFSET
l Success

»
>

Fail

LBL[500]
PICK Fail

LBL[600]

LBL[100]
—>[ BINPICK_ACQUIRE3DMAP

LVISION RUN_FIND PLACE

Success i v E
%ﬁ_m 300 ' :

VISION GET OFFSE[T ] i Move to a position to :

Fail - ! wait for the end of

E background process -

! Background process

Fail

End .
Background process

Success

Y

Background process
Fail?

LBL[999] | Move to
home position

As shown in the figure above, there are two major TP programs, which are the main program (the
BIN_PICKING_MAIN.TP) and the sub program (the BIN_PICKING_SUB.TP). The instructions that
involve the robot motion are executed by the main program and the instructions that do not involve the
robot motion are executed by the sub program. The sub program is run just before the robot places the
part. The sub program executes the following processes in the background while the robot places the
picked part.

e VISION GET_OFFSET

e Acquire 3D map

e VISION RUN_FIND

- 236 -



B-83304EN-5/04 11.CUSTOMIZATION

The background process is only executed while the robot places the picked part because the main
program waits for the end of the background process. But, the processes described above are executed
by the main program before the robot picks up the first part or when the robot fail to pick up a part.

The TP programs explained below use the following registers, position registers, tool frame, and user
frame.

Table of Registers to Be Used

R[1] Register that represents the status of the system. Setting a non-zero value causes the
system to end. Values to be set represent the following states:
0: Normal
1. Cannot detect a part.

R[2] Register that represents whether the hand holds a part. Values to be set represent the

following states:

0: Does not hold a part.

1. Holds a part.

R[3] Register that represents whether the sub program is completed. Values to be set represent
the following states:

0: Not completed.

1. Completed.
R[4] The number of result found by a SEARCH vision process
R[11] The flag indicating that the robot is within the camera’s field of view.

0: The robot is within the camera’s field of view
1. The robot is out of the camera’s field of view.

Table of Vision Register to Be Used
I VRI[1] | Register that stores the compensation data for SEARCH vision process

Table of Tool Frame to Be Used
[ uTooL[1] | TCP of the hand

Table of User Frame to Be Used
I UFRAME[1] | Reference user frame

MAIN_PROGRAM.TP
This is a main program.

I Move to home position
UFRAME_NUM=1

: UTOOL_NUM=1

9:J P[1] 100% FINE

10: " B
11: 1 Move to snapping position Move to a position to snap an image
12: LBL[100]

13: UFRAME_NUM=1

1: !Initialize data Initialize data.

2: R[1]=0

3: R[2]=0

4: R[11]=0

S Move to a home position
6:

7.

8

14: UTOOL_NUM=1 —| | The flag indicating that the robot is
15:J P[11] 100% FINE within the camera's field of view is
16: R[11]=1<" setto 1.

17:

18: | ACQVAMAP -
19: LBL[200] / Acquire a new 3D map.
20: CALL BINPICK_ACQUIRE3DMAP ('SENSOR’)
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21:

22: | SEARCH
23: LBL[300] ‘ '
24: VISION RUN_FIND 'PROG'

25: VISION GET_NFOUND 'PROG' R[4]

26: IF R[4]>0,JMP LBL[400]
27: | SEARCH Fail

28: LBL[390]
29: R[1]=1
30: JMP LBL[999]

31:

32: | Get Offset

33: LBL[400]

34: VISION GET_OFFSET 'PROG' VR[1] JMP LBL[100]
35:

36: ! PICK

37: LBL[500]

38: UFRAME_NUM=1
39: UTOOL_NU
40: R[11]=0

41: ///
42:L P[51] 500mm/sec CNT50
43: ! Move to PICK position
44:1 PR[52] 500mm/sec CNT50 VOFFSET, VR[1]*
45:L PR[53] 200mm/sec FINE VOFFSET, VR[1]

46: ! Insert program instructions +——

47: !to grasp

48:

49:L P[54] 300mm/sec FINE INC
50: ! Insert program instructions to

51: ' whether grasping succeeds or no

/

52:
53: IF R[2]=1,JMP LBL[610]
54: ! PICK Falil

Execute a SEARCH vision
process.

If the SEARCH vision finds no parts,
set the register indicating the running
status is set to a error.

If the process to get the vision offset
fails, execute the SEARCH vision
process.

The flag indicating that the robot is
within the camera's field of view is
set to 0.

Move to a above position of the
container.

Move to a position to approach a part.

Grasp the part.

Move to a position to leave the
container

Check if the robot holds the parts.

55: JMP LBL[400]

56: ! PICK Success

57: LBL[610] o
58:L P[55] 500mm/sec CNT100

59:

60: ! Start Background Calc and PLACE
61: LBL[600]
62: R[3]=0
63: RUN BIN_PICKING_SUB ~
64:J P[61] 100% CNT100 TA .50sec,CALL ROBOT_VIEWOU'F\
65:L P[62] 300mm/sec CNT100

66:L P[63] 300mm/sec FINE

67: !Insert program instructions to

68: ! place the part

69:

70:L P[62] 300mm/sec CNT100

71:L P[61] 300mm/sec CNT100

72: WAIT R[3]=1
73: | End Background Calc
74:

75: IF R[1]=1,JMP LBL[999]
76: JMP LBL[500]

T

78: LBL[999]

79: UFRAME_NUM=1

80: UTOOL_NUM=1

81:J P[1] 100% FINE
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If the robot does not hold the part, get
a next vision offset.

Move to a above position of the
container.

Start the background process to get a
next vision offset.

The flag indicating that the robot is
within the camera’s field of view is
set to 1 after moving to a position
that the robot is not within the
camera’s field of view.

Place the picked part.

Wait for the end of background
process.
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BIN_PICKING_SUB.TP
This is a sub program. This program executes VISION GET_OFFSET in the background. If the
VISION GET_OFFSET fails, this program executes VISION RUN_FIND. This program is called from
MAIN_PROGRAM.TP.

JMP LBL[300]

| ACQVAMAP
LBL[100]

WAIT R[11]=1 /
CALL BINPICK_ACQUIRE3DMAP('SENSOR")

| SEARCH

LBL[200]

VISION RUN_FIND 'PROG!

: VISION GET_NFOUND 'PROG' R[4]

. IF R[4]>0,JMP LBL[300]

: | SEARCH Fail

© R[1]=1

- JMP LBL[400]

. I Get Offset
: LBL[300] /
© VISION GET_OFFSET 'PROG' VR[1] JMP LBL[100]

: I Background process finish
: LBL[400]
: R[3]F1

ROBOT_VIEWOUT.TP

Acquire a new 3D map.

Execute a SEARCH vision
process.

If the SEARCH vision finds no parts,
set the register indicating the running
status is set to a error.

If the process to get the vision offset
fails, execute the SEARCH vision
process.

This program sets the flag indicating that the robot is within the camera’s field of view is setto 1. This
program is called by the TA instruction just after the robot moving to out of the camera's field of view.
To ensure that the robot is out of the camera’s field of view, the sub program waits for R[11] to be set to 1
before acquiring a 3D map. If there is any problem in the acquired 3D map, please adjust the time of the
TA instructions or the robot position to call this program in the main program.

1:

11.4

R[11]=1 The flag indicating that the robot is
within the camera's field of view is set
to 1.

HOW TO CUSTOMIZE BIN PICKING SYSTEM WITH

MULTIPLE CONTAINERS

This section describes how to achieve customization for performing bin picking with multiple containers.
The customization method described herein assumes a system that picks parts from two containers
alternately as shown in the following figure.
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Containerl

Container2

Conveyor

When performing bin picking with multiple containers, it is recommended to use a separate parts list for
each container.

Changing the Number of Parts List
By default, the number of parts lists is 1. To change the number of parts lists, perform the procedure
described below. Up to 20 parts lists can be created.

1  Press MENU on the iPendant and select [8 Bin Picking Cfg] from [8 iRVsion].
2  Select [2 Parts List Manager Configuration] and press F2 Detail.
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|

Busy Step Hold 100
- E
Pun & I/0 Prod T1 .II'I_III-I

Setup Bin Picking Setup

2/2
1 Interference Avoidance Configuration

2 Parts List Manager Configuration

[ TYFE ] | DETAIL

5  In[Num. Of Parts List], enter 2.

Euay Step Hold C- @
rn [N rroq R il L
Setup Parts List Configuration
1/5
Num. Of Parts List:
Num. Of SEACRH Vision Process : 10
Num. Of FINE Vision Process : 10
Num. Of FINE Position: 10
Num. Of PICK Position: 10

[ TYEE ] | MATHN

6  Cycle power on the controller.

This enables multiple parts lists to be used.

Setting up the Interference Avoidance Data
Create and set up the system data for container 2.

Setting up the 3D Area Sensor
Setting up the 3D Area Sensor installed in the upper part of container 2. The setup method is the same
as for container 1.

Setting up the SEARCH Vision Process
Create and set up the SEARCH vision process so that the parts inside container 2 can be detected.
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Setting up the Parts List Manager

Set up parts list 2 using the Parts List Manager. Add the created SEARCH vision process to the
SEARCH list, and set the PICK position in the PICK position list. When setting the PICK position,
select the same user frame number as that for parts list 1.

Creating TP Programs
The flow chart of the system described below is as follows.

Main program

BIN_PICKING_MAIN.TP

Move to
home position

LBL[100] | Move to a position

,| Move to a position "| to Snap image
to Snap image l
LBL[200] | ¥ LBL[1200
BINPICK_ACQUIRE3DMAP ] Wait for BINPICK_ACQUIRE3DMAP ]
Wait for .
completion of FAIL Bach?Tc’)JLljitclionrg(f:ess FAIL
Background process BINPICK_SEARCH}—(7) ground p BINPICK_SEARCH (2
A
Success Success
BINPICK_POP BINPICK_POP
Success Success
BINPICK_GETPICKPOS/ =/ O BINPICK_GETPICKPOS L
N g
@ Success X LBL{1600] Success
Start Start
Background process, Background proces
PICK PICK
v \4 FAIL
uccess
Background process * Success Background process LS
For container2 Wait for for containerl Wait for
(BIN_PICKING_SUB2.TP) completion of (BIN_PICKING_SUBL.TP) completion of
Background process = = Background process

®

y
LBL[9999L] Move to
home position

Sub programs for background process
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BIN_PICKING_SUBL1.TP
BIN_PICKING_SUB2.TP

BINPICK_POP

lSuccess
LBL[400]
[BINPICK_GETPICKPOS Success
FAIL

LBL[100] v
BINPICK_ACQUIRESDMAP]

Success
Success 'BINPICK_SEARCH

FAIL

v
End

As can be seen from the figure above, there are the following three major TP programs.
e  Main program (BIN_PICKING_MAIN.TP in the figure above)

e  Sub program for the containerl (BIN_PICKING_SUBL.TP in the figure above)

e  Sub program for the container2 (BIN_PICKING_SUB2.TP in the figure above)

The sub programs are called just before the robot picking a part.

For example, the BIN_PICKING_SUB2.TP executes the following processes in the background while the
robot picks up a part from the containerl.

e POP

Get PICK position

Acquire 3D map

SEARCH

The main program waits for the completion of the sub program in the following two times.

e At the time when the placing the picked part is done
After completion of the sub program, go to the process to pick up a part in the container different
from the container that the robot picked up a part in the previous time.

e At the time when the robot fails to pick up a part
After completion of the sub program, go to the process to pick up another part in the container that
the robot fails to pick up a part in the previous time.

The TP programs explained below use the following registers, position registers, tool frame, and user
frame.

Table of Registers to Be Used

R[1] The running status of the system. Values to be set represent the following states:
0: Normal
1: Cannot detect a part.
R[2] The status that represents whether the robot holds a part. Values to be set represent the

following states:
0: Does not hold a part.
1: Holds a part.
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R[3] The status of the background process. Values to be set represent the following states:
0: Not completed.
1. Completed.
R[4] The status of SEARCH vision process for parts list 1
R[5] The status of POP for parts list 1
R[6] Model ID of the popped part data from parts list 1
R[7] Status of the get PICK position process for parts listl. One of the following values is set:
0: Success
12: Failed to get the interference avoidance position at the PICK position
13: Failed to get the interference avoidance position at the position to approach a part
R[8] The flag indicating that a PICK position calculated by the BIN_PICKING_SUBI1 exists.
0: Not Exist
1: Exist
R[104] The status of SEARCH vision process for parts list 2
R[105] The status of POP for parts list 2
R[106] Model ID of the popped part data from parts list 2
R[107] Status of the get PICK position process for parts list 2. One of the following values is set:
0: Success
12: Failed to get the interference avoidance position at the PICK position
13: Failed to get the interference avoidance position at the position to approach a part
R[108] The flag indicating that a PICK position calculated by the BIN_PICKING_SUB2 exists.
0: Not Exist
1. Exist
Table of Position Register
PR[20] Parts list 1: Result of interference avoidance for the part pick position (avoidance position)
PR[21] Parts list 1: Result of interference avoidance for the part pick position (tool offset value)
PR[22] Parts list 1: Result of interference avoidance for the approach position (avoidance position)
PR[120] Parts list 2: Result of interference avoidance for the part pick position (avoidance position)
PR[121] Parts list 2: Result of interference avoidance for the part pick position (tool offset value)
PR[122] Parts list 2: Result of interference avoidance for the approach position (avoidance position)
Table of Tool Frame to Be Used
[ uTooL[1] | TCP of the hand |
Table of User Frame to Be Used
I UFRAME[1] | Reference user frame I

The Parts List Manager is set as follows.
The SEARCH vision process 1D of the SEARCH VP List of the Parts List Manager to use: 1
The PICK position ID of the PICK Position List of the Parts List Manager to use: 1

BIN_PICKING_MAIN.TP
This is the main program for bin picking.
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llnitialize data
R [1]=0
R[2]=0
R[3]=1
R[8]=0

LY [108]=0
CALL BINPICK_CLEAR(1)
CALL BINPICK_CLEAR(2)

CINITRONE

10: ! Move to home position
11: UFRAME_NUM=1

12: UTOOL_NUM=1

13:J P[1] 100% FINE

14:

15 = |Rkkkkkkkkkkkkkkkkkkkkkk

16: !CONTAINERL1 PICK

1 7 !***********************

18:

19: ! Move to snapping position

20: LBL[100]

21: UFRAME_NUM=1

22: UTOOL_NUM=1

23:J P[101] 100% FINE

24: WAIT R[3]=1

25:

26: LBL[200]

27: CALL BINPICK_ACQUIRE3DMAP('SENSORL1") —
28:

29: LBL[300]
30: CALL BINPICK_SEARCH(1,1,4) «—
31: IF R[4]=0,JMP LBL[400]

32: ISEARCH FAIL

33: R[1]=1

34: JMP LBL[9999]

35:

37: CALL BINPICK_POP(1,5,6)

38: IF R[5]=0,JMP LBL[500]

39: IPOP FAIL

40: JMP LBL[100]

41:

42: LBL[500]

43: CALL BINPICK_GETPICKPOS(1,1,7,20,21,22)
44: IF R[7]=0,JMP LBL[600]

45: IGETPICKPOS FAIL

46: CALL BINPICK_SETSTAT(1,22)
47: JMP LBL[400]

48:

49: 'PICK and Start Background proc
50: LBL[600]

51: R[3]=0

52: RUN BIN_PICKING_SUB2

53:

54: UFRAME_NUM=1

55: UTOOL_N

56: R[8]=0

57:L P[601] 1500mm/sec CNT50

58:L PR[22] 500mm/sec CNTSE)/
59:L PR[20] 200mm/sec FINE

60: !insert program instructions to <—
61: !grasp

62:L P[602] 300mm/sec FINE INC

63: linsert program instructions to‘ 
64: !'whether grasping succeeds or no

65: IF R[2]=1,JMP LBL[610] \
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Initialize data.

Move to a home position.

Move to a position to snap an
image.

Acquire a new 3D map.

Execute a SEARCH vision
process.

Pop a part data from the parts
list.

If any part data is not popped,
move to a position to snap an
image.

If the BINPICK_GETPICKPOS
fails, pop a new part data.

Start the background process for
the container2.

The register indicating that a
PICK position calculated by the
background process exists set to
0(Not Exist).

Move to a above position of
containerl.

Move to a position to pick up a
part.

Grasp the part.

Move to a position to leave the
container.
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66:
67:
68:
69:
70:
71:

IPICK FAIL
CALL BINPICK_SETSTAT(1,21)
IMP LBL[400]

IPICK SUCCES_
LBL[610]

CALL BINPICK_SETSTAT(1,20)

72:L P[601] 1500mm/sec CNT50

73:
74
75:

IPLACE
LBL[700]

76:L P[701] 300mm/sec CNT100
77:L P[702] 300mm/sec FINE

78:
79:

linsert program instructions to <—
Iplace the part

80:L P[701] 300mm/sec CNT100

81:
82:
83:
84:
85:
86:
87:
88:
89:
90:
91:
92:
93:
94.
95:
96:

IWait for completion of
|Background_
WAIT R[3]=1

IF R[1]=1,JMP LBL[9999]
1Go to container2 pick
JMP LBL[1600]

e

| *kkkkkkkkkkkkhkkkkkkkkk

ICONTAINER2 PICK

| *kkkkkkkkkkkkhkkkkkkkkk

! Move to snapping position
LBL[1100]
UFRAME_NUM=1
UTOOL_NUM=1

97:J P[1101] 100% FINE

98:
99:

100:
101:
102:
103:
104:
105:
106:
107:
108:
109:
110:
111:
112:
113:
114:
115:
116:
117:
118:
119:
120:
121:
122:
123:
124:
125:
126:
127:
128:
129:
130:

WAIT R[3]=1

LBL[1200]
CALL BINPICK_ACQUIRE3DMAP('SENSOR2) e—m ™

LBL[1300]

CALL BINPICK_SEARCH(2,1,104) +—
IF R[104]=0,JMP LBL[1400]
ISEARCH FAIL

R[1]=1

JMP LBL[9999]

LBL[1400] /
CALL BINPICK_POP(2,105,106)

IF R[105]=0,JMP LBL[1500]

IPOP FAIL
JMP LBL[1100]

e

LBL[1500]
CALL BINPICK_GETPICKPOS(2,1,107,120,121,122)
IF R[107]=0,JMP LBL[1600]
IGETPICKPOS FAIL

CALL BINPICK_SETS
JMP LBL[1400]

IPICK and Start Background proc
LBL[1600]

R[3]=0

RUN BIN_PICKING_SUB1

UFRAME_NUM=1
UTOOL_NUM=
R[108]=0
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Check if the robot holds the parts

If the robot does not hold the
part, pop a next part data.

Place the picked part.

Wait for the completion of
background process for the
container2.

If the background process
succeeds, pick up the part in the
container2.

Move to a position to snap an
image.

Acquire a new 3D map.

Execute a SEARCH vision
process.

Pop a part data from the parts
list.

If any part data is not popped,
move to a position to snap an
image.

If the BINPICK_GETPICKPOS
fails, pop a new part data.

Start the background process for
the containerl.

The register indicating that a
PICK position calculated by the
background process exists set to
0(Not Exist).

Move to a above position of
container2.
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Move to a position to pick up a
part.

Grasp the part.

Move to a position to leave the
container.

Check if the robot holds the parts

Place the picked part.

Wait for the completion of
background process for the
containerl.

LBL[9999]

132:L PR[122] 500mm/sec CNT_

133:L PR[120] 200mm/sec FINE

136:L P[1602] 300mm/sec FINE INC

137: !Insert program instructions to \

140:

143: PICK SUCCESS

146:L P[1601] 1500mm/sec CNT50

149: LBL[1700]

152: lInsert program instructions to+—

155: Wait for completion of
IBackground _
WAIT R[3]=1

158:

161: JMP LBL[600] «—

164: UFRAME_NUM=1

134: linsert program instructions t0 <+—

138: !whether grasping succeeds or no
IF R[2]=1,JMP LBL[610] \
IPICK FAIL

141: CALL BINPICK_SETSTAT(2,21)

144: LBL[1610]

147:

150:L P[1701] 300mm/sec CNT100

153: Iplace the part

156:

159: IF R[1]=1,IJMP LBL[9999]

162:

165: UTOOL_NUM=1

131:L P[1601] 1500mm/sec CNT50 4
135: !grasp

139:

142: JMP LBL[1400]

145: CALL BINPICK_SETSTAT(2,20)
148: 'PLACE

151:L P[1702] 300mm/sec FINE
154:L P[1701] 300mm/sec CNT100
157:

160: !Go to containerl pick

163:

166:J P[1] 100% FINE

BIN_PICKING_SUB1.TP
This is the sub program. The sub programs are called just before the robot picking a part.
following processes are executed in the background while the robot places the holding part.

POP
Get PICK position
Acquire 3D map

If the background process
succeeds, pick up the part in the
containerl.

The

IF R[8]=1,JMP LBL[500]
JMP LBL[300]

LBL[100]
CALL BINPICK_ACQUIRE3DMAP('SENSORT'

LBL[200]
CALL BINPICK_SEARCH(L,1,4) +—

If the PICK position calculated
by the previous execution of
background process exists, the
background process ends.

Go to the process to pop a part
data.

IF R[4]=0,JMP LBL[300]
10: ISEARCH FAIL

11: R[1]=1

12: R[3]=1

Execute a SEARCH vision
process.

13: END +—
15: LBL[300]

16: CALL BINPICK_POP(1,5,6)
17: IF R[5]=0,JMP LBL[400]
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If the SEARCH vision process
finds no parts, the register
indicating the running status is
set to 1 and the background
process ends.
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13: :]PM?;,PLFB'?_I[I:_LOO] If any part data is not popped,

20: move to a position to snap an

21: LBL[400] 1mage.

22: CALL BINPICK_GETPICKPOS(1,1,7,20,21,22)

23: IF R[7]=0,JMP LBL[410]

24: IGETPICKPOS FAIL If fche BINPICK_GETPICKPOS

25: CALL BINPICK_SETSTAT fails, pop a new part data.

26: JMP LBL[300]

27: LBL[410] The register indicating that a

28: R[8]=1+— PICK position calculated by the

29: background process exists set to

30: LBL[500] 1(Exist).

31: R[3]=1+—
If the BINPICK_GETPICKPOS
succeeds, the background process
ends.

BIN_PICKING_SUB2.TP
This is the sub program. The sub programs are called just before the robot picking a part. The

following processes are executed in the background while the robot places the holding part.
POP

Get PICK position
Acquire 3D map

IF R[108]=1,JMP LBL[500]
JMP LBL[300]

LBL[100]
CALL BINPICK_ACQUIRE3DMAP('SENSOR?

LBL[200]

CALL BlNPlCK_SEARCH(2,1,104) 
IF R [104]=0,JMP LBL[300]

: ISEARCH FAIL
: R[1]=1
: R[3]=1
: END

e

: LBL[300]

: CALL BINPICK_POP(2,105,106)
. IF R[105]=0,JMP LBL[400]

: IPOP FAIL

: JMP LBL[100] «—

: LBL[400]
. CALL BINPICK_GETPICKPOS(2,1,107,120,121,122)
. IF R[107]=0,JMP LBL[410]

: IGETPICKPOS FAIL
: CALL BINPICK_SETSTAT(2,2
: JMP LBL[300]

: LBL[410]
: R[108]=1+—

: LBL[500]
! R [3]=le—
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If the PICK position calculated
by the previous execution of
background process exists, the
background process ends.

Go to the process to pop a part
data.

Execute a SEARCH vision
process.

If the SEARCH vision process
finds no parts, the register
indicating the running status is
set to 1 and the background
process ends.

If any part data is not popped,
move to a position to snap an
image.

If the BINPICK_GETPICKPOS
fails, pop a new part data.

The register indicating that a
PICK position calculated by the
background process exists set to
1(Exist).

If the BINPICK_GETPICKPOS
succeeds, the background process
ends.
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12 TROUBLESHOOTING

This chapter describes troubles that are likely to occur in the iRVision Bin Picking system and their
remedies.

12.1 EXECUTING KAREL PROGRAMS OF INTERFERENCE
AVOIDANCE OCCUR AN ALARM

The following alarms may occur when the KAREL Programs of Interference Avoidance is executed.

PR[X] is uninitialized
[Cause]
The possible causes are described below.
e  The value of the position register in which the target position is set is uninitialized.

e  The value of the position register in which the frame offset value is set is uninitialized.
e  The value of the position register in which the tool offset value is set is uninitialized.

[Remedy]
Set a target position, offset value, or tool offset value in the specified position register.

lllegal PR [X] type
[Cause]
The possible causes are described below.
e  The value of the position register in which the target position is set is in joint format.

e  The value of the position register in which the offset value is set is in joint format.
e  The value of the position register in which the tool offset value is set is in joint format.

[Remedy]
Change the format of the target position, frame offset, or tool offset position register to cartesian or matrix

format.

lllegal offset type

[Cause]
A value other than V or O is set in the second argument of IACHECK.PC, IACALAVOID.PC, or

IAAVDWALL.PC.

[Remedy]
Set V or O in the second argument.

CVIS-389 Invalid data is specified

[Cause]
The possible causes are described below.

e  Anuntaught interference setup (system) is specified.

e  Anuntaught interference setup (robot) is specified.

e  Anuntaught interference setup (condition) is specified.

e Aninterference setup (condition) of an invalid mode is specified

[Remedy]
Check that the specified interference setup (system), interference setup (robot), or interference setup

(condition) has been taught. Check whether an interference setup (condition) of an invalid mode is
specified.
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12.TROUBLESHOOTING B-83304EN-5/04

CVIS-397 Invalid name is specified
[Cause]
The possible causes are described below.
e A nonexistent or untaught interference setup (system) is specified.
e A nonexistent or untaught interference setup (robot) is specified.
e A nonexistent or untaught interference setup (condition) is specified.
[Remedy]
Check that the specified interference setup (system), interference setup (robot), or interference setup
(condition) exists.

12.2 IDENTIFYING AN INTERFERING OBJECT

An interfering object detected by the interference avoidance function or Parts List Manager can be
identified as follows.

Identifying an interfering container
The container object for which $CHK_FAIL is TRUE in the system variable $VSIACNTR][] is
interfering.

1/6

I3] of VSIA OBJP T
2 $DEPTH 100.000
3 $MARGIN_XY 0.000 ' - .
4 SMARGIN 2 0.000 > Containerl is interfering
: =
6

$VRNUM OFS 0
$CHK FAIL

[ TYPE ] | DETAIL I | | [

Identifying an interfering fixed object
The fixed object for which $CHK_FAIL is TRUE in the system variable $VSIAFIXOBJ[] is interfering.

SYSTEM Variables

$VSIAFIXOBJ [1] 4/1
1 $NAME @
2 $REF_SYS
3 $SHAPE 2
4 $RADIUS N
5 §pos 4] of VSIA OBJP T > CAM_STAND is interfering
6 $SHIFT VIS PA]
7 $CHK FAIL

T ] 1 | | |

Identifying an interfering tool object
The tool object for which $SCHK_FAIL is TRUE in the system variable $VSIATOLOBJ[] is interfering.
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SYSTEM Variables

$VSIATOLOBJ[1] /7
2 $REF ROB
3 $SHAPE 1
4 $TYPE 2 .. .
5 $RADIUS 50.000 > HAND is interfering
6 $POS 41T of VSIA OBJP T
7 $CHK FAIL RUE )
[ TYFE ) I | | TRUE | FALSE |

12.3 THE ROBOT DOES NOT PROCEED TO PICK UP A PART
EVEN THOUGH THE PART IS DETECTED

If the robot does not proceed to pick up a part even though the part is detected, only blacklist part data
may remain in the parts list. Check this out using the Part Data Monitor of the Parts List Manager. If
the parts list contains only blacklist part data, execute IPCLR.PC using a TP program to clear the parts list
of its all data including the blacklist part data. Then, execute the TP program that performs bin picking.

12.4 THE ROBOT PROCEEDS TO PICK UP A PART WHERE
NO PART IS PRESENT

If the robot proceeds to pick up a part where no part is present, the possible causes are as follows:

A part is detected mistakenly in the SEARCH or FINE vision process.
Using the monitor, check whether there is any part mistakenly detected during the execution of the
SEARCH or FINE vision process near the position where the robot attempted to pick up a part. If
there is any part mistakenly detected, adjust the vision process parameters to prevent such mistaken
detection.

The calibration data is not correct.
If the robot proceeds to pick up a part where no part is present even though a part has been detected
properly in the SEARCH or FINE vision process, the calibration data used in the SEARCH or FINE
vision process may be incorrect. Touch up the found position of the vision process using the robot
in order to check whether the found position is correct. If the position is not correct, perform
calibration again.

The robot attempts to pick a part that has already been picked.
This phenomenon is prone to occur when the Area Sensor Peak Locator Tool is used. Since the
Area Sensor Peak Locator Tool is intended to detect high positions in a 3D map, it may detect
multiple vertexes in a single part, as shown in the following figure.
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Vertex2
Z Vertex1

Part

Pushing the vertexes detected in this way to the parts list results in multiple sets of part data existing for a

single part. Consequently, when the part data having Vertex 2 as the detection result is popped up after

a part is picked according to the part data having Vertex 1 as the detection result, the robot proceeds to

pick up a part where no part is present, because the part has already been picked. To prevent this

phenomenon, take the following steps:

e To prevent the robot from detecting more than one vertex for a single part, set a large value in
[Search Range] for the Area Sensor Peak Locator Tool.

e To prevent the vertexes of the same part from being pushed to the parts list, set a large value in
[Range] of [Duplication Check] in [Push Part Data Setup] of the Parts List Manager.

e To delete the data of the part that was near the successfully picked part and whose status is Awaiting,
select [Delete] for [Process] and set a value equivalent to the size of the part in [Range] when setting
the process for the part in [PICK SUCCESS] of [Status Setup List] of the Parts List Manager.

12.5 THE GRID FRAME SET DOES NOT OPERATE AS
EXPECTED

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 screen shows the image when a measurement failed.

Check the image and adjust the snapping condition. When some of the large circles are not seen in the

camera field of view, try the followings:

e  Use asmaller grid pattern

e  Use alens with smaller focal length

e Lengthen the distance between the camera and the grid pattern so that the grid pattern is seen smaller
in the image

o  Rotate the camera or the grid pattern so that the X axis of the grid pattern does not point below in the
image

[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.
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12.6 THERE IS AN AREA THAT 3D POINTS CAN NOT BE
ACQUIRED

If there is an area that 3D points are not acquired, adjust the condition of acquiring 3D map by referring
to Subsection 7.4.4 "Adjusting the Condition of Acquiring 3D Map".

If the problem cannot solve by the adjustment described in Subsection 7.4.4 "Adjusting the Condition of

Acquiring 3D Map", perform the procedures described in Subsection 7.4.2 "Adjusting the Focus of the
Projector Unit" and 7.4.3 "Adjusting the Focus of the Camera Unit" again.
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