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e Original Instructions

Thank you very much for purchasing FANUC Robot.
Before using the Robot, be sure to read the "FANUC Robot series SAFETY HANDBOOK
(B-80687EN)" and understand the content.

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

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

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

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

In this manual, we endeavor to include all pertinent matters. There are, however, a very
large number of operations that must not or cannot be performed, and if the manual
contained them all, it would be enormous in volume. It is, therefore, requested to assume
that any operations that are not explicitly described as being possible are "not possible".
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SAFETY PRECAUTIONS

This chapter describes the precautions which must be followed to enable the safe use of the robot. Before
using the robot, be sure to read this chapter thoroughly.

For detailed functions of the robot operation, read the relevant operator's manual to understand fully its
specification.

For the safety of the operator and the system, follow all safety precautions when operating a robot and its
peripheral equipment installed in a work cell.

For safe use of FANUC robots, you must read and follow the instructions in the “FANUC Robot series
SAFETY HANDBOOK (B-80687EN)”.

1 PERSONNEL

Personnel can be classified as follows.

Operator:
e Turns the robot controller power ON/OFF
»  Starts the robot program from operator panel

Programmer or Teaching operator:
*  Operates the robot
*  Teaches the robot inside the safeguarded space

Maintenance technician:

*  Operates the robot

*  Teaches the robot inside the safeguarded space

*  Performs maintenance (repair, adjustment, replacement)

- The operator is not allowed to work in the safeguarded space.

- The programmer or teaching operator and maintenance technician are allowed to work in the
safeguarded space. Work carried out in the safeguarded space include transportation, installation,
teaching, adjustment, and maintenance.

- To work inside the safeguarded space, the person must be trained on proper robot operation.
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Table 1 (a) lists the work outside the safeguarded space. In this table, the symbol “O” means the work
allowed to be carried out by the specified personnel.

Table 1 (a) List of work outside the Safeguarded Space

Programmer or Maintenance

Operator Teaching operator technician

Turn power ON/OFF to Robot controller O

Select operating mode (AUTO/T1/T2)

Select remote/local mode

Select robot program with teach pendant

Select robot program with external device

Start robot program with operator’s panel O

Start robot program with teach pendant

Reset alarm with operator’s panel

Reset alarm with teach pendant

Set data on teach pendant

Teaching with teach pendant

Emergency stop with operator’s panel O

o000 |O0|O0|O|O|O|O|O OO

Emergency stop with teach pendant O

Operator’s panel maintenance

O|0|00|0|0|O0|O|O|O|O|O0|0|0|0O

Teach pendant maintenance

During robot operation, programming and maintenance, the operator, programmer, teaching operator and
maintenance technician take care of their safety using at least the following safety protectors:

e  Use clothes, uniform, overall adequate for the work
e  Safety shoes
° Helmet

2 DEFINITION OF SAFETY NOTATIONS

To ensure the safety of users 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
using the robot.

Symbol Definitions

AWARNlNG Used if hazard resullting in the death or serious injury of the user will be expected to
occur if he or she fails to follow the approved procedure.

Used if a hazard resulting in the minor or moderate injury of the user, or equipment

/N\CAUTION damage may be expected to occur if he or she fails to follow the approved
procedure.
NOTE Used if a supplementary explanation not related to any of WARNING and CAUTION

is to be indicated.
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PREFACE

This chapter describes an overview of this manual. It should be read before operating the iR Vision.

1

OVERVIEW OF THE MANUAL

This is a manual for the R-30iB Plus/R-30iB Mate Plus/R-30iB Compact Plus/R-30iB Mini Plus

CONTROLLER iRVision.

This manual describes how to operate sensor functions and create programs after completing the installation
and setup of your robot. For details on basic robot operations, refer to the “OPERATOR’S MANUAL
(Basic Operation) B-83284EN.”
This manual is directed at users who have taken the “/RVision 2D Vision Sensor course” at FANUC
Academy. For details on each setup item, refer to the “iRVision OPERATOR’S MANUAL (Reference) B-

83914EN.”

/N CAUTION
This manual is based on R-30iB Plus/R-30:B Mate Plus/R-30iB Compact Plus/
R-30iB Mini Plus system software version 7DF5/17. Note that depending on the
software version of your robot controller, some functions or setup items
described in this manual may not exist, some functions or setup items not
described in this manual may exist, and some notations may be different.

Series Chapter Chapter title Main content
Introduction This chapter describes the fundamental items of
Chapter 1 | ABOUT iRVision the vision system such as types of camera
mounting methods, types of offset modes, etc.
Setup Chapter 1 | FEATURES This chaptgr desgrlbes a summary of three types
of applications using the 3DV Sensor.
Chapter 2 3D FIXED FRAME OFFSET This chapter describes startup procedures of the
P SYSTEM 3D fixed frame offset system.
Chapter 3 | 3D TOOL OFFSET SYSTEM This chapter describes startup procedures of the
3D tool offset system.
Chapter 4 | BIN PICKING SYSTEM Thls <.:he.1pter describes startup procedures of the
Bin picking system.
Know-How This chapter describes frame setting using the
Chapter 1 | FRAME SETTING touch-up pointer, and the frame setting method
using the calibration grid frame setting function.
Chapter 2 | 3DV SENSOR DATA SETTING This chapter describes the data setting method of
the 3DV Sensor.
Chaoter 3 EXAMPLE OF SETTING This chapter describes examples of setting
P ACCORDING TO USAGE according to usage for the 3DV Sensor.
This chapter describes how to troubleshoot if any
Chapter 4 | TROUBLESHOOTING failure happens while using the 3DV Sensor.

Symbol Used in This Manual

The following symbol is used in this manual. Use this symbol to find important information.

Symbol Description
/ Describes information that provides help for operating screens, explains a function, or gives
Memo information for reference.

B-83914EN-3/04
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Explanation of Teach Pendant Operation
This manual explains each procedure on the assumption that teaching is performed using a teaching PC.
However, some procedures include a description of operation of the teach pendant. The teach pendant can
be operated through touch panel operation, but the procedures using key input, for which the operations are
more complex, are described in this manual.

Simple Mode and Advanced Mode
iRVision provides a simple mode in which setup items with low frequency of use are hidden and an
advanced mode in which all setup items are shown. This manual describes the screens and operations in

the simple mode unless otherwise noted. For details on the Simple Mode and Advanced Mode, refer to the
“iRVision OPERATOR’S MANUAL (Reference) B-83914EN.”

2  RELATED MANUALS

This section introduces other manuals that you can refer to when using the functions of iR Vision.

MANUAL
(Reference)

Manual Spec. No. Description
OPERATOR’S MANUAL B-83284EN This is the main manual.
(Basic Operation) e Setting the system for manipulating workpieces
e Operating the robot
e Creating and changing a program
e Executing a program
e Status indications
e Backup and restore robot programs.
This manual is used for application design, robot installation,
and robot teaching.
MAINTENANCE MANUAL B-83195EN This manual describes the maintenance and connection of the
R-30iB/R-30iB Plus Controller.
MAINTENANCE MANUAL B-83525EN This manual describes the maintenance and connection of the
R-30:B Mate/R-30iB Mate Plus Controller.
MAINTENANCE MANUAL B-83555EN This manual describes the maintenance and connection of R-
30iB Mate/R-30iB Mate Plus Controller (Open Air Type).
MAINTENANCE MANUAL B-84035EN This manual describes the maintenance and connection of the
R-30iB Compact Plus Controller.
MAINTENANCE MANUAL B-84175EN This manual describes the maintenance and connection of the
R-30iB Mini Plus Controller.
OPERATOR’S MANUAL B-83284EN-1 This is the alarm code list for the controller.
(Alarm Code List) This manual describes the causes of alarm occurrence and the
measures to be taken.
Optional Function B-83284EN-2 This manual describes the software options for the robot
OPERATOR’S MANUAL controller.
Sensor Mechanical/Control B-83984EN This manual describes the method for connecting the controller
unit and sensors such as a camera or 3D Laser Vision Sensor used
OPERATOR’S MANUAL for iRVision and the sensor maintenance method.
iRVision OPERATOR’S B-83914EN This manual is the reference manual for iRVision.

e This manual describes each function provided by
iRVision.

e  When you would like to know the meanings (i.e., items
on the iRVision setup screen, the arguments of an
instruction, and so on), refer to this manual.

p-2
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Manual Spec. No. Description
iRVision 2D Vision Application | B-83914EN-2 This manual should be referenced first when starting up robot
OPERATOR’S MANUAL systems that perform a 2D offset or a 2.5D offset using
iRVision.

e This manual describes system startup procedures,
program creation methods, cautions, technical know-
how, responses to various cases, etc. when
performing a 2D offset or a 2.5D offset using iRVision.

iRVision Bin Picking B-83914EN-6 This manual should be referenced first when starting up a robot

Application system that performs bin picking using the iRVision.

OPERATOR’S MANUAL e This manual describes system startup procedures,
program creation methods, cautions, technical know-
how, responses to various cases, etc. when
performing bin picking using iRVision.

iRPickTool OPERATOR’S B-83924EN This manual should be referenced first when starting up a robot

MANUAL system that performs visual tracking using iRVision.

e This manual describes system startup procedures,
program creation methods, cautions, technical know-
how, responses to various cases, etc. when
performing visual tracking using iRVision.

Ethernet Function Operator’s B-82974EN This manual describes the network options for the robot
Manual controller, such as FTP, RIPE, and PC share.

Tablet Ul OPERATOR’S B-84274EN Connection method of a tablet TP and how to teach a robot
MANUAL and iRVision with a tablet TP.

B-83914EN-3/04
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1 ABOUT iRVision

This chapter explains offsetting the robot motion using iRVision (integral Robot Vision). iRVision is an
image processing function integrated in a robot controller. It finds parts in an image snapped from a camera,
offsets the robot motion and measures the features of the part. This chapter explains offsetting the robot
motion using iRVision (integral Robot Vision).

1.1 iRVision

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

iRVision is the vision function integrated into the FANUC robot controller. iR Vision incorporates a 2D

Camera that performs a 2D offset and a 3DV Sensor, 3D Area Sensor and 3D Laser Vision Sensor that
perform a 3D offset.

1.2 BASIC CONFIGURATION

iRVision consists of the following components:

2D Camera system 3DV Sensor system

e Robot controller e Robot controller

Camera & lens 3DV Sensor

Camera cable Camera cable

Camera multiplexer (used if needed) Camera multiplexer (used if needed)
Lighting equipment Lighting equipment (used if needed)

-

Basic configuration of iRVision

For how to connect the 3DV Sensor and the robot controller, refer to “Sensor Mechanical Unit/Control Unit
OPERATOR’S MANUAL B-83984EN.” Since the camera and lens used for 2D offset are also used for the
3DV Sensor, 2D offset can be performed using the camera and lens for the 3DV Sensor.
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1.3

FIXED CAMERA AND ROBOT-MOUNTED CAMERA

The size and position of a part determines where a camera is installed.

Fixed Camera

A fixed camera is attached to the top of the pedestal or another fixed structure and a part is detected.
A fixed camera always snaps the same place from the same distance.

As processes in iR Vision can be done in parallel when the robot is carrying out other work, the whole
cycle time can be shortened.

Use a pedestal for a fixed camera that is sturdy enough to be unaffected by vibrations.

Pedestal

Fixed camera “

Fixed Camera

Robot-mounted Camera

The robot-mounted camera is mounted on the wrist unit of the robot.

By moving the robot, measurement can be done at different locations between the part and the camera.
When a robot-mounted camera is used, iR Vision calculates the position of the part while taking into
account the camera movement resulting from the robot being moved.

The camera cable moves according to the robot movement, so be careful so that the cables don’t get
tangled.

B-83914EN-3/04
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Robot-mounted camera

Robot-mounted Camera

1.4 FIXED FRAME OFFSET AND TOOL OFFSET

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

3D Fixed Frame Offset System

Fixed frame offset snaps an image of a part placed on a table, etc. with the camera, measures the discrepancy,
and corrects the operation of the robot so that it will work on (e.g., grip) the part correctly.

Plane on which a part moves

Fixed Frame Offset

B-83914EN-3/04 5
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Tool Offset
With tool offset, the workpiece offset is measured in a coordinate frame that moves with the robot tool.
This method is useful for grippers where the part position in the gripper can vary, such as vacuum grippers.
A workpiece held by the robot is viewed by a camera, and the vision system measures its position relative
to the gripper. The robot then offsets its taught positions so that it can manipulate (place, for example) the
workpiece properly.

Camera N

Part
Plane on which a part moves

Tool Offset

1.5 COORDINATE SYSTEMS USED FOR iRVision

It is necessary to set up a couple coordinate systems for iR Vision.

Touch-up pointer

World frame
(User frame number 0)

)lk Offset frame\

Application frame
(User frame)

Calibration grid frame

Work table Calibration grid

Coordinate systems used for iRVision
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Touch-up Pointer with Setting TCP
Set the TCP (tool frame) accurately on the touch-up pointer installed on the robot gripper. The touch-up
pointer with TCP set is used for setting the application frame, installation information of the calibration
grid, and the offset frame.

Offset Frame
An offset frame is a coordinate system used for calculation of the offset data. A found position, etc. of the
part is outputted as a position on the frame set in the offset frame. Set the offset frame in such a way that
the XY plane of the offset frame is parallel to the plane on which a part moves. For the fixed frame offset,
set the offset frame as a user frame. For the tool offset, set the offset frame as a tool frame.

Calibration Grid Frame

Set the information of the calibration grid location in a user frame or tool frame. As shown in the above
figure, when the calibration grid is fixed on a table for calibration, set the installation information in a user
frame. When the calibration grid is installed on the robot end of arm tooling for calibration, set the
installation information in a tool frame.

The installation information of the calibration grid can be set by touch-up using the touch-up pointer with
TCP set. When a robot-mounted camera is used or a calibration grid is mounted on a robot end of arm
tooling, the calibration grid frame setting function can also be used for setting.

~Memo

The calibration grid frame setting function sets the calibration grid frame using a
camera. Compared with the manual touch-up setting method, this 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 operation. In calibration grid frame setting, the calibration
grid is measured from multiple directions by using a camera. For details, refer to
‘Know-How: 1.2 FRAME SETTING WITH GRID FRAME SETTING FUNCTION.”

Application Frame
Set the robot’s user frame to be used as a reference for camera calibration. The camera is calibrated for the
frame set in the application frame. In most cases, calibration is performed with reference to the world frame
(user frame number 0) of the robot to be offset. Note that in the following cases, you set the user frame and
then set the user frame number as the application frame.

e In cases where the camera is mounted on a robot other than the robot to be offset.
e In cases where the calibration grid is mounted on a robot other than the robot to be offset.
e In cases where the robot to be offset belongs to another group.

The following figure is an example of the calibration grid being mounted on a robot other than the robot to
be offset. As shown in the following figure, when the robot with the camera mounted and the other robot
with the calibration grid mounted are present, set the common plane as a user frame on both robots, and
make it the application frame (set the same user frame number for each robot). In this example, inter-
controller communication is required between the two robots. For details on communication between robot
controllers, refer to the description of INTER-CONTROLLER COMMUNICATION in “iRVision
OPERATOR’S MANUAL (Reference) B-83914EN.”
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Camera

Robot with calibration grid

Robot with a camera
(Robot 1)

Common user frame = Application frame
(Set the same application frame number for each robot)

Example of the calibration grid being mounted on a robot other than the robot to be offset
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1.6 CALIBRATION GRID

A calibration grid is a multi-purpose jig that is used for a variety of purposes, such as grid pattern calibration
and calibration grid frame setting.

In {RVision, calibration of a camera is performed using a calibration grid with a default pattern drawn.
When the camera snaps an image of the grid as shown below, iRVision automatically recognizes the
positional relationship of the calibration grid and the camera, lens distortion, the focal distance, etc.

T YT
T Yy
eo0000CO®
000000000

Example of frame using calibration grid

All the black circles of the calibration grid are arrayed in a square lattice. There are four large black circles
near the center that indicate the frame origin and direction as shown in the picture. The ratio of the diameter
of a large black circle to that of other black circles is approximately 10:6.

For the five grid points arranged in the center and at the four corners, there is a white circle with a diameter
of 1 mm placed at the center of the black circle. This white circle is used when setting the frame with touch-
up using the robot's TCP.

Depending on the application, a calibration grid can be used by fixing it to a table or attaching it to the
robot's gripper. In either case, it is necessary to set the arrangement position and direction (mounting
information) of the calibration grid when performing calibration for the camera.

To set up the information for mounting the calibration grid, attach a pointer tool to the robot's gripper and
set it up by physically performing touch-up (calibration grid setting using touch-up), or set it up
automatically without any contact by using a camera and measuring a grid pattern (calibration grid frame
setting).

B-83914EN-3/04 9
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1.7 MEMORY CARD PREPARATION

iRVision can save undetected images to a memory card or a USB memory inserted into the robot controller.
It is recommended that at the time of system start-up and integration, a memory card or a USB memory be
inserted to save undetected images to the memory card or a USB memory. By doing so, the locator tool
parameter can be adjusted using undetected images. Moreover, when the system is reinstalled after being
moved, e.g., camera images before reinstallation, if saved, can be checked against camera images after
reinstallation to see if there are any major differences.

To enable vision log, check “Enable logging” on the iR Vision configuration screen. For details, refer to the
description of VISION CONFIG in “iRVision OPERATOR’S MANUAL (Reference) B-83914EN.”

Note that even if “Log Failed Images” is set in the vision process, no undetected images can be saved when
no memory card or no USB memory is inserted.

When the free space of the memory device is less than the specified value (1 MB by default), old vision
logs are deleted to make enough free space for writing a new vision log. Even if the free space of the
memory card/USB memory is less than the specified value, files other than vision logs of the vision system
are not deleted. If there are no vision logs that can be deleted, the ‘CVIS-130 No free disk space to log’
alarm is posted and the vision log will not be recorded.

/A CAUTION

1 As it takes a long time to delete the vision log, we recommend that you regularly
transfer the data for the vision log to your PC and ensure you have sufficient free
space in your memory card or USB memory. For details on how to export the
vision log to an external device or to delete it, refer to the description of VISION
LOG in “IRVision OPERATOR’S MANUAL (Reference) B-83914EN.”

2 Data other than a vision log for iRVision may be recorded on a memory card or
USB memory. If the free space drops below the designated capacity, the next
time a vision Process is executed, vision logs will be deleted until the remaining
capacity reaches the designated capacity. Depending on the amount of data that
is deleted, it may take a while to get into a state in which execution of the next
Vision Process can start. E.g., saving a backup to a memory card or USB
memory corresponds to this case.

3 Do not insert a memory card in which a vision log has been recorded using
another robot controller. If you carry out line execution or test execution of a
vision process with the memory card still inserted, the vision log that was
recorded using the original robot controller may be overwritten.

4 Format devices such as memory cards and USB memory to FAT16.

5 If you record images, it may take time to execute detection. Basically, set things
up so that images will not be recorded after you have finished adjustment of the
vision system. For details, refer to the description of VISION LOG in “/RVision
OPERATOR’S MANUAL (Reference) B-83914EN.”

A memory card or a USB memory, when inserted, can be used to back up all data in the robot controller. If
all data in the robot controller is backed up, the vision data can be backed up at the same time. Be sure to
back up all data in the robot controller upon completion of startup or integration.

Moreover, use a memory card provided by FANUC. Use a USB memory recommended by FANUC. If a
memory card or a USB memory other than those recommended is used, normal operation is not guaranteed,
and it may have a bad effect on the controller.
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Setup 1. FEATURES

1 FEATURES

There are the following offset applications for the 3DV Sensor
1 3D fixed frame offset.

2 3D tool offset

3 Bin Picking

In each offset application, a robot-mounted camera or a fixed camera can be selected.
However, 3D tool offset using robot-mounted camera is not supported.

Chapter 2 and subsequent chapters of this part describe the flow of the startup procedure and the details of
the teaching procedure for the following vision systems using the 3DV Sensor.

1  Robot-mounted camera + 3D fixed frame offset (single-view / multi-view)

2 Fixed camera + 3D fixed frame offset

3 Fixed camera + 3D tool offset (single-view / multi-view)

4  Fixed camera + Bin Picking

In general, multi-view offset has higher accuracy and longer cycle time than single-view offset.

For details on each teaching item, refer to the descriptions of VISION PROCESSES and COMMAND
TOOLS in “iRVision OPERATOR’S MANUAL (Reference) B-83914EN.”

Layout Example
This section describes a typical system layout of the 3DV Sensor system and provides notes on setup. Use
a robot-mounted camera or a fixed camera.

Offset frame

Layout example

B-83914EN-3/04 13
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Precautions

With the automatic exposure or multi-exposure function, iRVision can handle changes in brightness

to some extent. In a place where there is a large difference in illumination between day and night,

however, some measures must be taken to keep a certain level of illumination at all times. Major

methods include shutting out the sunlight and installing a fluorescent lamp.

When lighting such as a fluorescent lamp is installed, the inverter type is suitable. This type has less

variation in brightness when an image is snapped. When lighting is provided for a wider area than the

part installation area, there is less variation in brightness in the image of a part even if the part is tilted.

To perform fixed frame offset, set a user frame as required. It is recommended that the end of arm

tooling be designed in advance so that a touch-up pin can be mounted.

To perform tool offset, a calibration grid must be mounted on the robot or teaching part. It is

recommended that the end of arm tooling be designed in advance so that a calibration grid can be

mounted.

When robot motion offset is performed, the wrist axis may turn by a large angle. Prepare a cable long

enough for such robot behavior.

If the installation position of the 3DV Sensor is displaced from the right position, accurate offset

cannot be performed. The risk of displacement due to interference and so on can be reduced by

installing a guard for the sensor.

The 3DV Sensor is designed so that the distance to the part during measurement stays within a certain

range. Check the following points when teaching.

1 Whether the robot can reach all the measurement positions.

2 Whether the hand and the 3DV Sensor do not interfere with peripheral equipment during
measurement.

3 Whether an appropriate measurement distance can be secured.

For the detection range, refer to “Sensor Mechanical/Control unit OPERATOR'S MANUAL B-

83984EN.”

When the 3DV Sensor is to be mounted on the robot and used as a robot-mounted camera, mount it

on such a place that the sensor does not touch a part, container, or peripheral equipment when the

robot picks up the part as well as when the sensor is used for measurement.

14
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2 3D FIXED FRAME OFFSET SYSTEM

2
This chapter describes the procedures of how to set up the 3D fixed frame offset system using a robot- -
mounted camera or a fixed camera.

~Memo

1 This chapter describes the screens and operations in the simple mode unless
otherwise noted. For details on the Simple Mode and Advanced Mode, refer to
the “/RVision OPERATOR’S MANUAL (Reference) B-83914EN.”

2 With a controller that can use a tablet TP, the 3D fixed frame offset system can
also be taught using a tablet TP. For details, refer to “Tablet Ul OPERATOR’S
MANUAL B-84274EN.”

2.1 3D SINGLE-VIEW FIXED FRAME OFFSET SYSTEM USING
ROBOT-MOUNTED CAMERA

This section explains the setup procedures for the 3D fixed frame offset system using a robot-mounted
camera to measure one location in the figure below as an example.

Part Detection
—3DV Single-View Vision Process

Gripper TCP
—UTOOL[1]

Reference /‘

UFRAME
—UFRAME [1] ‘ ‘

Example of a 3D single-view fixed frame offset system configuration using robot-mounted camera

B-83914EN-3/04 15
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211 Installation and Connection of 3DV Sensor

Installation of the 3DV Sensor
Install the 3DV Sensor on the wrist of the robot.

Connecting the 3DV Sensor

Connect the 3DV Sensor to a robot controller.
Checking the connection of the 3DV Sensor
Open Vision Devices and check that the 3DV Sensor is connected according to the following procedure.

iRVision - Vision Devices

1 L /M 1: 3DV/400 with LED light

Channel 1

Type 3DV/400 with LED light
Serial Number Virtual

Version Virtual

Camera Parameters

Image Size 950%1104 pix
Focal Distance 12.700 mm

Lens Distortion 0.000000 mm
Vertical Spacing 5300 pm

Aspect Ratio 1.00000

Image Center 605.00x475.00
Exposure Time Range 0.100 - 200.000 ms
Sensor Check

Temperature of Sensor 23.000 deg C
Temperature of
Projector

24.000 deg C

22950 den O

BRIGHT

On the ROBOT Homepage, select [(RVision] — [Vision Devices], and select the connected 3DV
Sensor on the Vision Devices screen.

2 Click [LIVE] and check that continuously snapped images are displayed.

2.1.2 User Frame Setting

Set the user frame which becomes the reference frame for an offset calculation. Set it on the work table as
shown in the figure below. For how to set up the user frame, refer to “Know-How: 1 FRAME SETTING.”

Example of user frame setup

Here, set the user frame to UFRAME [1] as described in the figure ‘Example of a 3D single-view fixed
frame offset system configuration using robot-mounted camera ’ at the beginning of this section.

16 B-83914EN-3/04
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21.3 3DV Sensor Data Setting

To use the 3DV Sensor, the 3DV Sensor must be set using a calibration grid.

Set the mounting position of the robot-mounted camera according to the procedures described in “Know-
How: 2.1 3DV SENSOR MOUNTING POSITION SETUP WITH ROBOT-MOUNTED CAMERA.”
This system has pre-installed sample 3DV Sensor Data. It is convenient to configure the settings based on
the sample. This chapter explains the operations assuming that the sample 3DV Sensor Data will be used.

2.1.4  Tool Frame Setting

Set a tool frame in the center of the end of the gripper claw or the pad to pick up a part. This frame is useful
for accurately moving the TCP of the gripper to the part gripping position.

The Z-axis of this frame should be set along the direction in which the gripper approaches the part to be
picked up. The positive direction of the Z-axis should be reversed compared to the direction in which the
gripper approaches a part. Therefore, change the direction to W=180 by the direct list method immediately
after teaching a TCP.

Here, set the TCP of the gripper to UTOOL [1] referring to the figure ‘Example of a 3D single-view fixed
frame offset system configuration using robot-mounted camera ’ at the beginning of this section. For how
to set up the tool frame, refer to “Know-How: 1 FRAME SETTING.”

2.1.5 Setting up Vision Process

Set up a “3DV Single-View Vision Process.”
This system has a pre-installed sample vision process. The following explains the procedure for editing the
settings based on that sample.

21.51 Editing vision process

Select the sample vision process and open the edit screen.

1 Click [V_3DV_SAMPLE] in the [Vision Process Tools] category on the vision data list screen.

iRVision Vision Setup

Comment Created Modified
Camera Data (1)
Dvisovic;\m Sample 3DV Sensor Data 3DV Sensor 17-DEC-2019 12:02:18  12-MAY-2020 11:31:18 5426
Vision Process Tools (1)

: V_3DV_SAMPLE Sample Vision Process for 3DV Sensor 3DV Single-View Vis. Proc 17-DEC-2019 12:02:42 17-DEC-2019 12:08:02

2 : = i}

FILTER DELETE

2 Click [EDIT].
The vision process setup screen appears.
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2.1.5.2 Setting parameters of vision process

—

iRVision Vision Setup - V_3DV_SAMPLE

P el s @ 100 EANEIENIEA Al
v

= DV Single-View Vis. Proc ¥
Snap Tool 1

Depth Snap Tool 1
E 3D Data Generator Tool 1
v GPM Locator Tool 1 [

3D Plane Measurement Tool 1 [ ™
3DV Sensor V_3DV_CAM a1
lApplication Fixed Frame Offset i) — )
Offset Frame UF [1: UFramel n — 3

1

Image Display Mode 2D Image + Result 5
'Show Discarded O
Image Logging Mode  Log Failed Images [E

Time to Find  1693ms L x [l v [ z [ w_ [ P | R [ ModellD ] _ Score ]

Found
Discarded
Num.

(& -~ =0 i | =

SNAP+FIND CONT S+F PLAYBACK END EDIT

Select [V_3DV_CAM] from the [3DV Sensor] drop-down box.

Select [Fixed Frame Offset] from the [Application] drop-down box.

Select [1] from the [Offset Frame] drop-down box.

Offset frame is the user frame used for calculation of offset.

Select the user frame number set in “Setup: 2.1.2 User Frame Setting.”

Jog the robot to the position where the 3DV Sensor and the offset plane face each other and the offset
plane is within the 3DV Sensor’s field of view.

Teach the current position as the part detection position in the robot program.

This system has a pre-installed sample TP program for fixed frame offset. The details are described in
“Setup: 2.1.6 Editing TP Program.” The part measurement position is P [2] on the seventh row in the
sample TP program.

#Memo

If you click IEN to switch to advanced mode, you can enable/disable [Camera
Base Find]. When the checkbox of [Camera Base Find] is checked, a part is
found based on the frame of the 3DV Sensor. When mounting the sensor to the
robot, the sensor snap position changes according to the movement of the robot.
For this reason, you should normally enable [Camera Base Find] to find a part.

18
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21.5.3 Teaching Snap Tool

Set parameters for snapping 2D images.

Select [Snap Tool 1] in the tree view to open the snap tool teaching screen. In most cases, you can use the
initial settings for the sample as they are. However, if the image is too dark or bright, adjust [Exposure
Time] or select [HDR] in [Exposure Mode].

For details on the snap tool, refer to “iRVision OPERATOR’S MANUAL (Reference) B-83914EN.”

iRVision Vision Setup - V_3DV_SAMPLE

BV 100% K2/ [N BT
v E 3DV Single-View Vis. Proc 4 ~

(8] Snap Tool 1 v
Depth Snap Tool 1
ﬂ 3D Data Generator Tool 1

v GPM Locator Tool 1 [l

3D Plane Measurement Tool 1 [l ©
Snap Window Full Window Set
Resolution Reduction © 2x K
Image Size 475%552 pix
Exposure Mode Fixed K2

Exposure Time § ms
Multi Exposures 1 §

LED Type None K2

Image Display Mode Snapped Image n

[Time to Find: 637 ms

"8 o} =0 M g

LIVE SNAP PLAYBACK SAVE END EDIT

#Memo

1 If the image is still too dark even when the exposure time is set to the maximum
(200 ms), change [LED Type] to [3DV Sensor] and then adjust the “Exposure
Time.”

2 The [HDR] option of [Exposure Mode] combines images snapped at multiple
exposure times, automatically selected according to the surrounding brightness,
into a single image with a wide dynamic range.
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2154 Teaching Depth Snap Tool

Select [Depth Snap Tool 1] in the tree view, and then set each item.

Setting parameters

iRVision Vision Setup - V_3DV_SAMPLE
EIF:NEIra 100% 2 =W 5 a2l i
¥ [l spv single-view Vis. Proc [ A
Snap Tool 1
n 3D Data Generator Tool 1
v ¥ 6PM Locator Tool 1 H
3D Plane Measurement Tool 1 [

: &
Snap Window Full Window

Resolution Reduction  2x B
— —

—
Snap Mode Multi(normal) [§4 N
Exposure Time 141.421| ms
Projector Intensity Py —)
T — 600.00| - | 1300.00
mm
e <

[Time to Find: 1055 ms

el M G

PLAYBACK END EDIT

Click [SNAP].
Adjust each parameter so that measurement omission (black area) will be reduced.
For details on each parameter, refer to “;RVision OPERATOR’S MANUAL (Reference) B-83914EN.”

Repeat the procedure starting from step 3 until the parameters are adjusted appropriately.

N —

#Memo
Because of its structure, the 3DV Sensor cannot measure the depth at the right
edge of the sensor’s field of view. For this reason, the right edge of the sensor’s
field of view may remain a black area. For details, refer to “Setup: 2.4 3D
VISION SENSOR” in “iRVision OPERATOR’'S MANUAL (Reference) B-

83914EN.”

21.5.5 Setting parameters of 3D Data Generator Tool

Select [3D Data Generator Tool 1] in the tree view, and then set each item.

Setting parameters
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ision Setup - V_3DV_SAMPLE
EEEAVAL 100% EI=AIERFEY Al
¥ |5 3pV single-View Vis. Proc A
(L} Snap Tool 1
L.} Depth Snap Tool 1
2
V GPM Locator Tool 1 [
™ 30 plane Measurement Tool 1 [l v

& & |

DownSample Ratio F - |

Image Display Mode 2D Image
Part Condition on Table
Table RM.

Enable [ 2
Table Z Height MM —— 3
Filtering

Enable O
Normal Calculation

Enable Il

[Time to Find ms Total Number Removed Number Left Number

-3 L el M =

SNAP+FIND CONT S+F PLAYBACK END EDIT

Select [On Table] from the [Part Condition] drop-down box.

Check the checkbox of [Enable] in [Table RM.].

3 Set[Table Z Height].

This parameter is the height from the 3DV Sensor to the offset plane, which is normally a negative
value. It represents the Z height on the camera frame.

N =

Running a test
Check that unnecessary 3D points for part detection have been removed correctly.

iRVision Vision Setup - V_3DV_SAMPLE

ERPEEIAL:] 100% KNI A Al

¥ [ 30V single-view Vis. Proc 2 A
(L} Snap Tool 1
(L.} Depth Snap Tool 1

.® 3D Data Generator Tool 1 ¥

v GPM Locator Tool 1 [

3D Plane Measurement Tool 1 [l M
& =
DownSample Ratio ]
Tmage Display Mode 2D Image + Result [
part Condition on Table [
Table RM.
Enable
Table Z Height mm
Filtering
Enable )
Normal Calculation
Enable )
57354 53076 3378

[y
LH.J

| SNAP+FIND

% =0 M

PLAYBACK

B

END EDIT

CONT S+F

1 Click [SNAP+FIND]. An image is snapped and detection is performed.
Check that unnecessary 3D points for part detection have been removed correctly.
The area displayed in red is a removed 3D point group. Check whether the area other than the part is
displayed in red.
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“Memo

If the 3D points on the table plane are not removed, fine-tune the “Table Z
Height.”

2.1.5.6 Teaching GPM Locator Tool

Set parameters for 2D measurement (detection of 2D features).
Select [GPM Locator Tool 1] in the tree view, and then set each item.

Setting parameters

iRVision Vision Setup - V_3DV_SAMPLE

EEIEr - A - |« P2 [ef] @R G [ 4
¥ [l 3DV single-View Vis. Proc A
Snap Tool 1
Depth Snap Tool 1
n 3D Data Generator Tool 1
[
3D Plane Measurement Tool 1 [ ¥
= 5
Input Image Snap Tool 1 B -~
1 — Teach puumd 3
ﬁ
[ set org |
:
[Training Stability loc. G Ang. G Sca. G
ITraining Mask £ Enable
Emphasis Area EraiiE
Learning Enable
Model Origin Bias®  None
Model 10 0 —" J
Found 0

|Almost Found 0
[Time to Find 0 ms

M1
& L G | |

SNAP FIND SNAP+FIND CONT S+F PLAYBACK SAVE

END EDIT

DOF Enable Nom. Min. Max.
(Qrentation e L 1g00l | gs00] o

Scale @ % 90.0 110.0| %
Aspect I % % +-6

Move the robot so that the part is in the field of view of the camera.

After determining the measurement position, click [SNAP] to capture an image.

Click the [Teach] button to teach the model.

The GPM Locator Tool model setup screen appears. Teach 2D features used for position detection.
Select features of the model on the same plane as much as possible to reduce the effects of changes in
shape due to parallax. For features that do not need to be included in the model, [Training Mask] can
be set to exclude them from the teach model. For details on teaching 2D features, refer to “iRVision
OPERATOR’S MANUAL (Reference) B-83914EN.”

Check that the pattern that you want to use as the model has been plotted with a green line and that
the model origin (green cross) is on the same plane as the pattern.

#Memo
If the model origin is not on the same plane as the pattern, click the [Set Org.]
button and move the model origin onto the same plane as the pattern.
In the above example, the model origin is changed to be on the plane (large
circle of the part) at the highest position of the part.

Click IEER to switch to advanced mode.
Check the checkboxes of [Scale] and [Aspect] in [DOF].

22
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~Memo
Change the [Min.] and [Max.] settings for [Orientation], [Scale], and [Aspect] in
[DOF] as necessary. If the distance between the camera and the part varies
widely, consider expanding the [Scale] search range setting. If the tilt between
the camera and the part varies widely, consider expanding the [Aspect] search
range setting. Also, if misdetection of the part seems to increase, consider
decreasing the search range parameters. For details, refer to “/RVision
OPERATOR’S MANUAL (Reference) B-83914EN.”

7

Click [SAVE].

Running a test

iRVision Vision Setup - V_3DV_SAMPLE
KIEEArd - 1002 KA ND=NIECHNIF A INRIER = A
v [l 3pv single-view Vis. Proc A
Snap Tool 1
Depth Snap Tool 1
E 3D Data Generator Tool 1
- e
3D Plane Measurement Tool 1 [l “
=
Input Image Snap Tool 1 ﬂ Al
ﬁ
[ set org |
s
Training Stability loc. G Ang. G Sca. :._ 1
TTTENG Mok G —Ear |
Emphasis Area @ Enable
Learning 0 Enable
Model Origin Bias®  None
Py | —— Y

Found 1 Row (V) Column(H) | score 1 Contast_ [ FitEror ]
|AImost Found 0 1 464.5 553.5 100.0 177.4 0.001 0.0
Mme to Find 12 ms

M 2

END EDIT

[y .}
2 ' L} % ) |

PLAYBACK

SNAP+FIND CONT S+F

Check [Training Stability]

This item provides a guideline indicating whether the position, angle and size are detected correctly
in the taught model. Evaluations are indicated with [G] (good), [P] (poor) and [N] (none). [N] indicates
that stable detection of the model may be impossible.

In such a case, change the model, or uncheck [Enable] for the parameter in question in [DOF].

Click [SNAP+FIND].

An image is snapped, and detection is performed.

Check measurement results.

Check that the same pattern as the model has been plotted with a green line. Then, check the score,
contrast, and other results of the detected model on the test result display area. If the score and contrast
values are higher than the set thresholds by at least 10 points, there is no problem.

~Memo
Adjust parameters of the GPM Locator Tool if there is a problem. Some
parameters are displayed only in the advanced mode. For this reason, switch the
mode as necessary. For details, refer to “/RVision OPERATOR’S MANUAL
(Reference) B-83914EN.”

4

Change the part position and repeat the same check several times.
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21.5.7 Setting up 3D Plane Measurement Tool

Set parameters for detecting the plane near the 2D feature position detected with the GPM Locator Tool
from 3D points. Select [3D Plane Measurement Tool 1] in the tree view, and then set each item.

Setting parameters

iRVision Vision Setup - V_3DV_SAMPLE

EFLE VAL -1 100% K2 =W N |
v E 3DV Single-View Vis. Proc [4 N

Snap Tool 1

Depth Snap Tool 1

E 3D Data Generator Tool 1
v GPM Locator Tool 1

L 3D Plane Measurement Tool 1 ¥
% = |

Input 3D Data © 3D Data Generator Tool 1 [0

I . | (144,402) 254x300  [JEER— )

Window Mask £ Enable [ Edit
20-3D Gap D mm

Min Num. Valid Points®  100]
Fit Error Threshold mm

Plot Mode Plot Everything [ e—— 3

Num. Points

LK

o LK ) |

LIVE SNAP FIND SNAP+FIND CONT S+F PLAYBACK

SAVE END EDIT

1 Select [3D Data Generator Tool 1] for [Input 3D data].

Click the [Set] button.
The green lines shown in the image are the model and the area taught with the GPM Locator Tool,

and the area inside the red frame is the plane measurement area. When the measurement area is taught
at first, the red frame will be shown overlapping the green frame, but this can be changed. For details
on the measurement area teaching screen for plane measurement, refer to “iRVision OPERATOR’S
MANUAL (Reference) B-83914EN.”

Once the measurement area has been taught, a thumbnail of the image used for teaching appears, and
the position and size of the area appear.

#Memo
If the model origin for the GPM Locator Tool is not in the plane you want to
measure, change [2D-3D Gap]. If the model origin is above the Z direction as
seen from the plane you want to measure, specify a positive value for this
setting. For details, refer to “IRVision OPERATOR’'S MANUAL (Reference) B-

83914EN.”

3 Select [Plot Everything] from the [Plot Mode] drop-down box.
4  Click [SAVE].

/\ CAUTION
Before setting the 3D Plane Measurement Tool, complete the setting of the GPM
Locator Tool. Also, the measurement area must be taught again if the model of

the GPM Locator Tool is changed.
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Running a test
Check whether the taught area is appropriate. If necessary, adjust parameters to enable stable detection.

iRVision Vision Setup - V_3DV_SAMPLE

EPEAVAL:]

100% K2 =0 EN @ |
v [l 3pv single-view Vis. Proc A
Snap Tool 1
Depth Snap Tool 1
ﬂ 3D Data Generator Tool 1
¥ 3% GPM Locator Tool 1

& 3D Plane Measurement Tool 1 v i

Num. Points 1631

Time to Find 13 ms

Input 3D Data

[e]

Window Mask
2D-3D Gap

Fit Error Threshold
Plot Mode

Num. Valid Points

-0.000 0.000 1.000

Min Num. Valid Points® 100

3D Data Generator Tool 1 n

(144,402) 254x300 Set

Enable |

mm

i

Plot Everything E2

927

( ) Mg
i ™ o0

SNAP+FIND CONT S+F

PLAYBACK

1 Click [SNAP+FIND].
An image is snapped and detection is performed.
2 Check that a light blue plot is displayed on the surface of the part that you want to measure.

#Memo

1 Adjust parameters of the 3D Plane Measurement Tool if there is a problem. For
example, if a light blue plot is displayed on a surface other than the one that you
want to measure, teach [Window Mask]. Also, some parameters are displayed
only in advanced mode. For this reason, switch the mode as necessary. For
details, refer to “/IRVision OPERATOR’S MANUAL (Reference) B-83914EN.”

2 Inthe above example, the measurement area is taught so that the plane (the
large circle section shown on the part) at the highest position of the part will be
measured. Change the measurement area according to the shape of the part.

3  Click [SAVE].
4 Repeat steps 1 to 4 by changing the tilt of the plane.
5  Ifthere is no problem with the test run, change the option for [Plot Mode] to [Plot Measurement Area]

and click [SAVE] again.
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2.1.5.8

Setting reference position

Here, place a part on a reference position, run a test and set the detection result as the reference position

XYZWPR.

When the vision process is performed after the setting, the vision process calculates the offset data by
comparing the actual position where the part is detected against the reference position.
In preparation, select [3DV Single-View Vis. Proc] in the tree view, and select [Snap Tool 1] for [Display

Image].

3DV Sensor
Application
Offset Frame

Morac 7 Ranna
pr— —

V_3DV_CAM [ v ]
Fixed Frame Oﬁsetn
UF 1: UFramel n

10| 1A Nl mm @lIE 1

o )

Image Logging Mode

Display Image Snhap Tool 1
Image Display Mode 2D Image + Result {4
Show Discarded D

Log Failed Imagesn

Then, select [Offset data Calculation Tool] in the tree view, and then set each item.

iRVision Vision Setup - V_3DV_SAMPLE

EFEAra

[Time to Find 28ms
Found 1
Discarded

0
Num.

-773.3

My !
o
O

M)
LHJ

SNAP+FIND

—

Click [SNAP+FIND] to find the part.

Click [SAVE] and then [END EDIT].

L x v Iz T w [ p [ R | ModellD | _Score ]
1 34 16.9 -0.0 0.0

1 100.0

CONT S+F

100% K2 =8 =5 = BT
Snap Tool 1 A
Depth Snap Tool 1
E 3D Data Generator Tool 1
v GPM Locator Tool 1
3D Plane Measurement Tool 1
:
3 & |
Reference Data
Ref. Pos. Status Set — 2
Reference XYZ mm
Reference WPR °

-0.0 1.0

) |

PLAYBACK

END EDIT

Check that the part has been found correctly, and click the [Set] button of [Ref. Pos. Status].

/\ CAUTION

fixed frame offset.

From this point forward, do not move the part until teaching of the robot motion
when the part is placed at the reference position is finished in the TP program for

26
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2.1.6 Editing TP Program

Edit the TP program for the 3D fixed frame offset system with a 3DV Sensor.
This system has a pre-installed sample program. This section explains how to create a program for
transporting a part while actually performing 3D fixed frame offset based on this sample program.

Copying the sample program
1 Select [V_3DV_FIXED] and click [COPY] on the program list screen.

690524 bytes free 4/5
No. Program name Comment
1 —-BCEKEDT- [ 1
2 CMT_ 3DV _BP [Comment R & PR ]
3 VvV 3NV _RP [Bin Pick 1
4 [Fixed Frame Ofs.]
5 'V 3DV _TOOL [Tool Ofs. 1

’ COPY DETAIL LOAD SAVE AS PRINT

2 Edit the program name and click [OK].

Editing the program

1 Open the copied program and teach the following positions.

Positions

P[1: Home]

Home position. The robot’s waiting position and posture when it is not doing
anything.

P[2: Search]

The detection position. The robot’s position and posture when the sensor has
found the part.

P[3: Pick Approach]

The approach position when picking the part. In most cases, it is right above
the part that needs to be picked up.

P[4: Pick]

The part pick position. It is the position at which the part is actually picked
up (grasped).

P[5: Pick Retract]

The pick retraction position. A relay point when moving from the pick
position to the placement position.

P[6: Place Approach]

The placement approach position.

P[7: Place]

The placement position.

P[8: Place Retract]

The place retraction position. It can be the same position and posture as P[6].

B-83914EN-3/04
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: UFRAME NUM=1

: ISEARCH
: LBL[10]
: JP[2:Search] 100% FINE

. UTOOL_NUM=1
0] P[l:Home] 30% FN

Specify the user frame number set in “2.1.2
User Frame Setting”.

Specify the tool frame number set in “2.1.4
Tool Frame Setting”.

: WAIT  .30(sec) s

Wait for robot-vibration to reduce.

: VISION RUN_FIND 'V_3DV_SAMPLE'
: VISION GET_OFFSET'V_3DV_SAMPLE'
VR[1]IMP LBL[999]

: IPICK
: L P[3:Pick Approach] 800mm/sec CNT100
VOFFSET,VR[1]

: !Insert program instructions

: Ito grasp the part.

: CALL ...

: L P[5:Pick Retract] 800mm/sec CNT100
VOFFSET,VR[1]

: IPLACE
: L P[6:Place Approach] 800mm/sec CNT100

: L P[4:Pick] 200mm/sec FINE VOFFSET,VR[1]

™~

Execute measurement.

Get the offset data in the measurement
result and jump to the last row when not
found.

Move to the part pick position.

: L P[7:Place] 200mm/sec FINE
: !Insert program instructions

: lto release the part.

: CALL ...

: L P[8:Place Retract] 800mm/sec CNT100
: JMP LBL[10]

: IERROR
: LBL[999]

Move to the part placement position.

2 Specify the instruction to grasp the part and release the part after the P[4] and P[7] motion instructions,
respectively, using each of the CALL instructions.

2.1.7

Checking Robot Offset Operation

Check that a part on the table can be detected and picked up accurately.
Start with lower override of the robot to check that the logic of the program and the motion of the robot are
correct. Next, increase the override and keep the robot running continuously to check that it works properly.

e  Place the part near the reference position, find it and check that it can be picked up accurately. If the
accuracy of compensation is low, retry the reference position setting.
e  Move the part in the X direction or Y direction without rotation, find it and check that it can be picked

up accurately.

e  Rotate the part, find it and check that it can be picked up accurately. If the part on the reference position
can be picked up accurately but the accuracy decreases as the part rotates, the settings of the calibration
grid and of the frame used for offset may not have been performed accurately. If you set the frame
with a pointer tool, check the accuracy of touch-up and retry calibrating the 3DV Sensor.

e  Change the part’s height, find it and check that it can be picked up accurately.

o  Tilt the part, find it and check that it can be picked up accurately.

28
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2.2 3D SINGLE-VIEW FIXED FRAME OFFSET SYSTEM USING

FIXED CAMERA -
2
This section explains the setup procedures of the 3D fixed-frame offset system using a fixed camera in the

figure below as an example.

Part Detection
—3DV Single-View Vision Process

Gripper TCP
—UTOOL[1]

Reference /

UFRAME
—UFRAME [1] ‘ ‘

Example of a 3D single-view fixed frame offset system configuration using fixed camera

2.21 Installation and Connection of 3DV Sensor

Installation of the 3DV Sensor
Install the 3DV Sensor on the camera mount.

Connecting the 3DV Sensor

Connect the 3DV Sensor to a robot controller.
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Checking the connection of the 3DV Sensor
Open Vision Devices and check that the 3DV Sensor is connected according to the following procedure.

iRVision - Vision Devices

1 L e M 1: 3DV/400 with LED light

Channel 1

Type 3DV/400 with LED light
Serial Number Virtual

Version Virtual

Camera Parameters

Image Size 950x1104 pix

Focal Distance 12.700 mm

Lens Distortion 0.000000 mm

Vertical Spacing 5.300 pm

Aspect Ratio 1.00000

Image Center 605.00x475.00
Exposure Time Range 0.100 - 200.000 ms
Sensor Check

Temperature of Sensor 23.000 deg C

Temperature of
Projector

24.000 deg C

22950 dan €

BRIGHT

On the ROBOT Homepage, select [iRVision] —[Vision Devices], and select the connected 3DV
Sensor on the Vision Devices screen.

2 Click [LIVE] and check that continuously snapped images are displayed.

2.2.2 User Frame Setting

Set the user frame which becomes the reference frame for an offset calculation. Set it on the work table as
shown in the figure below. For how to set up the user frame, refer to “Know-How: 1 FRAME SETTING.”

Example of user frame setup

Here, set the user frame to UFRAME [1] as described in the figure ‘Example of a 3D single-view fixed
frame offset system configuration using fixed camera ’ at the beginning of this section.

30 B-83914EN-3/04



Setup 2. 3D FIXED FRAME OFFSET SYSTEM

2.2.3 3DV Sensor Data Setting

To use the 3DV Sensor, the 3DV Sensor must be set using a calibration grid.

Set the mounting position of the fixed camera according to the procedures described in “Know-How: 2.2
3DV SENSOR MOUNTING POSITION SETUP WITH FIXED CAMERA.”

This system has pre-installed sample 3DV Sensor Data. It is convenient to configure the settings based on
the sample. This chapter explains the operations assuming that the sample 3DV Sensor Data will be used.

2.2.4  Tool Frame Setting

Set a tool frame in the center of the end of the gripper claw or the pad to pick up a part. This frame is useful
for accurately moving the TCP of the gripper to the part gripping position.

The Z-axis of this frame should be set along the direction in which the gripper approaches the part to be
picked up. The positive direction of the Z-axis should be reversed compared to the direction in which the
gripper approaches a part. Therefore, change the direction to W=180 by the direct list method immediately
after teaching a TCP.

Here, set the TCP of the gripper to UTOOL [1] referring to the figure ‘Example of a 3D single-view fixed
frame offset system configuration using fixed camera’ at the beginning of this section. For how to set up
the tool frame, refer to “Know-How: 1 FRAME SETTING.”

2.2.5 Setting up Vision Process

Set up a “3DV Single-View Vision Process.”
This system has a pre-installed sample vision process. The following explains the procedure for editing the
settings based on that sample.

2.2.5.1 Editing vision process

Select the sample vision process and open the edit screen.

1 Click [V_3DV_SAMPLE] in the [Vision Process Tools] category on the vision data list screen.

iRVision Vision Setup

‘Comment Created Modified
Camera Data (1)
D V_3DV_CAM Sample 3DV Sensor Data 3DV Sensor 17-DEC-2019 12:02:18 12-MAY-2020 17:20:56 5426
Vision Process Tools (1)

: V_3DV_SAMPLE Sample Vision Process for 3DV S 3DV Single-View Vis. Proc 17-DEC-2019 12:02:42 17-DEC-2019 12:08:02

2 Click [EDIT].
The vision process setup screen appears.
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2.2.5.2 Setting parameters of vision process

iRVision Vision Setup - V_3DV_SAMPLE

P EAVAL:] oo EINBERIER AN AL
v

% 3DV Single-View Vis. Proc ¥ A
Snap Tool 1
Depth Snap Tool 1
ﬂ 3D Data Generator Tool 1

¥ ¥ 6PM Locator Tool 1

3D Plane Measurement Tool 1 [l “
& |

3DV Sensor V_3DV_CAM [ m—— |
|Application Fixed Frame Offset [k — ")
Offset Frame UF 1: UFrame1l |2 — 3
Meas. Z Range [ 300.0]- [ 300.0 mm @UF 1
Display Image Depth Snap Tool 1 [ ]
Image Display Mode 2D Image + Result |5
'Show Discarded O

Image Logging Mode  Log Failed Images 5

Time to Find  1238ms L x I v [ z [ w [ P [ R [ __ ModellD [ _ Score |
Found

Discarded

Num.

@ L ) | =

SNAP+FIND CONT S+F PLAYBACK END EDIT

Select [V_3DV_CAM] from the [3DV Sensor] drop-down box.
Select [Fixed Frame Offset] from the [Application] drop-down box.
3 Select [1] from the [Offset Frame] drop-down box.
Offset frame is the user frame used for calculation of offset.
Select the user frame number set in “Setup: 2.1.2 User Frame Setting.”
4 Teach the current position as the part detection position in the robot program.
This system comes with the sample TP program for fixed frame offset installed. The details are
described in “Setup: 2.2.6 Editing TP Program.” The part measurement position is P[2] on the seventh
row in the sample TP program.

N —

2.2.5.3 Teaching Snap Tool

Set parameters for snapping 2D images.

Select [Snap Tool 1] in the tree view to open the snap tool teaching screen. In most cases, you can use the
initial settings for the sample as they are. However, if the image is too dark or bright, adjust [Exposure
Time] or select [HDR] in [Exposure Mode].

For details on the snap tool, refer to “/RVision OPERATOR’S MANUAL (Reference) B-83914EN.”

32
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iRVision Vision Setup - V_3DV_SAMPLE
EIrEA S 100% K2 izl 2
¥ [ 30V single-View Vis. Proc N
Depth Snap Tool 1
n 3D Data Generator Tool 1
v GPM Locator Tool 1 [
3D Plane Measurement Tool 1 [l v

Snap Window 0 Full Window Set
Resolution Reduction® 2x [E2

Image Size 475%552 pix

Exposure Mode Fixed [

Exposure Time [ 20000/ ms
Multi Exposures ) 10

LED Type None 61

Image Display Mode  Snapped Image [E

ITime to Find: 407 ms

Hoo | P

LIVE SNAP PLAYBACK SAVE END EDIT

#Memo
1 If the image is still too dark even when the exposure time is set to the maximum

(200 ms), change [LED Type] to [3DV Sensor] and then adjust the “Exposure
Time.”

2 The [HDR] option of [Exposure Mode] combines images snapped at multiple
exposure times, automatically selected according to the surrounding brightness,
into a single image with a wide dynamic range.

2254 Teaching Depth Snap Tool

Select [Depth Snap Tool 1] in the tree view, and then set each item.

Setting parameters
iRVision Vision Setup - V_3DV_SAMPLE
ﬂ IOOWDHE =F ) [
v [l 3DV single-View Vis. Proc A
Snap Tool 1
E 3D Data Generator Tool 1
v GPM Locator Tool 1 [

3D Plane Measurement Tool 1 [l v
Snap Window Full Window Set
Resolution Reduction |2x K1

— —

Snap Mode Multi(normal) |52 N
Exposure Time 141.421| ms
Projector Intensity 34| M N4 f— 2
e — 600.00| -| 1300.00|

mm

[Time to Find: 829 ms

el =

PLAYBACK END EDIT

1 Click [SNAP].
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2

Adjust each parameter so that measurement omission (black area) will be reduced.

For details on each parameter, refer to “/RVision OPERATOR’S MANUAL (Reference) B-83914EN.”

Repeat the procedure starting from step 1 until the parameters are adjusted appropriately.

~Memo

Because of its structure, the 3DV Sensor cannot measure the depth at the right
edge of the sensor’s field of view. For this reason, the right edge of the sensor’s

field of view may remain a black area. For details, refer to “Setup: 2.4 3D
VISION SENSOR” in “iRVision OPERATOR’S MANUAL (Reference) B-

83914EN.”

2255 Setting parameters of 3D Data Generator Tool

Select [3D Data Generator Tool 1] in the tree view, and then set each item.

Setting parameters

—

iRVision Vision Setup - V_3DV_SAMPLE
EIPEIEAVAL:] 100 EANNEN G Al
v E 3DV Single-View Vis. Proc [ A
Snap Tool 1
Depth Snap Tool 1
v GPM Locator Tool 1 [
3D Plane Measuremen t Tool 1 [ ]
é & |
DownSample Ratio 2K
Image Display Mode 2D [magen

Part Condition 0On Table [ m——

Table RM.

Enable 1% 2
Table Z Height [ mm 3
Filtering
Enable Il
Normal Calculation
Enable Il

[Time to Find s Left Number

el L &y L el | =

SNAP FIND SNAP+FIND CONT S+F PLAYBACK END EDIT

Select [On Table] from the [Part Condition] drop-down box.
Check the checkbox of [Enable] in [Table RM].

Set [0] for [Table Z Height].

This parameter is the Z height on the camera frame.

Running a test
Check that unnecessary 3D points for part detection have been removed correctly.

34
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iRVision Vision Setup - V_3DV_SAMPLE

¥ [ 3DV Single-view Vis. Proc N
=} snap Tool 1
Depth Snap Tool 1

.® 3D Data Generator Tool 1 ¥ 2

¥ 5% GPM Locator Tool 1 [l

3D Plane Measurement Tool 1 [l &
& =
DownSample Ratio P] v ]
Image Display Mode 2D Image + Result i
Part Condition on Table
Table RM.
Enable
[Table Z Height mm
Filtering
Enable Il
Normal Calculation
Enable
fime to Find  ms
57354 54355 2999

[y !
& i

SNAP+FIND

) |

PLAYBACK

| g

END EDIT

CONT S+F

1 Click [SNAP+FIND]. An image is snapped and detection is performed.

2 Check that unnecessary 3D points for part detection have been removed correctly.
The area displayed in red is a removed 3D point group. Check whether the area other than the part is
displayed in red.

#Memo
If the 3D points on the table plane are not removed, fine-tune the “Table Z
Height.”

2.2.5.6 Teaching GPM Locator Tool

Set parameters for 2D measurement (detection of 2D features).
Select [GPM Locator Tool 1] in the tree view, and then set each item.

Setting parameters

iRVision Vision Setup - V_3DV_SAMPLE

EEEIrd 100 A R AN - DR
VE 3DV Single-View Vis. Proc 4

{3 Snap Tool 1

{L.} Depth Snap Tool 1

[ 3D Data Generator Tool 1

A B GPM Locator Tool 1 v

3D Plane Measurement Tool 1 [

>

@(

B

Input Image Snap Tool 1 B A

[ Teach iy pul}

O

1
[Training Stability Loc. G Ang. G Sca. G

[Training Mask Enable

Emphasis Area ) Enable

Learning Enable
Model Origin Bias  None

t
v
Madel 10 4 [ 4
Found 0 Row(V) Column(H)
|Almost Found 0
[Time to Find 0 ms

M

SAVE

My !
L] L =0

FIND SNAP+FIND CONT S+F PLAYBACK

END EDIT

B-83914EN-3/04 35



2. 3D FIXED FRAME OFFSET SYSTEM Setup

DOF Enable Nom. Min. Max.
Qrentation [ e L -isool | 1800l o

Scale 0 % 90.0 110.0| %
Aspect % % }_6

Place the part so that it is within the camera view.

After determining the measurement position, click [SNAP] to capture an image.

3 Click the [Teach] button to teach the model.
The GPM Locator Tool model setup screen appears. Teach 2D features used for position detection.
Select features of the model on the same plane as much as possible to reduce the effects of changes in
shape due to parallax. For features that do not need to be included in the model, [Training Mask] can
be set to exclude them from the teach model. For details on teaching 2D features, refer to “iRVision
OPERATOR’S MANUAL (Reference) B-83914EN.”

4 Check that the pattern that you want to use as the model has been plotted with a green line and that

the model origin (green cross) is on the same plane as the pattern.

N —

#Memo
If the model origin is not on the same plane as the pattern, click the [Set Org.]
button and move the model origin onto the same plane as the pattern.
In the above example, the model origin is changed to be on the plane (large
circle of the part) at the highest position of the part.

5  Click IEN to switch to advanced mode.
6  Check the checkboxes of [Scale] and [Aspect] in [DOF].

#Memo
Change the [Min.] and [Max.] settings for [Orientation], [Scale], and [Aspect] in
[DOF] as necessary. If the distance between the camera and the part varies
widely, consider expanding the [Scale] search range setting. If the tilt between
the camera and the part varies widely, consider expanding the [Aspect] search
range setting. Also, if misdetection of the part seems to increase, consider
decreasing the search range parameters. For details, refer to “/RVision
OPERATOR’S MANUAL (Reference) B-83914EN.”

7 Click [SAVE].
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Running a test

iRVision Vision Setup - V_3DV_SAMPLE
IV wow 2 B N FACANE - A
v [l 3pv single-view Vis. Proc A

Snap Tool 1

Depth Snap Tool 1

n 3D Data Generator Tool 1

(5 i ocoor 001 ]

3D Plane Measurement Tool 1 [ “

s
Input Image 0 Snap Tool 1 a

Teach

) GEdit
A Set Org

[Training Stability Loc. G Ang.G Sca.G '—— 1

184-

[Training Mask % Enable -EEW
Emphasis Area Enable Edit
Learning Enable
Model Origin Bias None
—— — N
Found 1

IAlmost Found 0 1 514.5 552.5 100.0 184.6 0.000 -0.0}
[Time to Find 11 ms

(| B

END EDIT

] |

PLAYBACK

=

M)
Ay

SNAP+FIND
—

2

LIVE SNAP FIND CONT S+F

1 Check [Training Stability]
This item provides a guideline indicating whether the position, angle and size are detected correctly
in the taught model. Evaluations are indicated with [G] (good), [P] (poor) and [N] (none). [N] indicates
that stable detection of the model may be impossible.
In such a case, change the model, or uncheck [Enable] for the parameter in question in [DOF].

2 Click [SNAP+FIND].
An image is snapped, and detection is performed.

3 Check measurement results.
Check that the same pattern as the model has been plotted with a green line. Then, check the score,
contrast, and other results of the detected model on the test result display area. If the score and contrast
values are higher than the set thresholds by at least 10 points, there is no problem.

#Memo
Adjust parameters of the GPM Locator Tool if there is a problem. Some
parameters are displayed only in the advanced mode. For this reason, switch the
mode as necessary. For details, refer to “/RVision OPERATOR’S MANUAL

(Reference) B-83914EN.”

4 Change the part position and repeat the same check several times.
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2257 Setting up 3D Plane Measurement Tool

Set parameters for detecting the plane near the 2D feature position measured with the GPM Locator Tool
from 3D points. Select [3D Plane Measurement Tool 1] in the tree view, and then set each item.

Setting parameters

iRVision Vision Setup - V_3DV_SAMPLE

EFLE VAL -1 100% 2/ =N N i
v H 3DV Single-View Vis. Proc Py

Snap Tool 1

Depth Snap Tool 1

n 3D Data Generator Tool 1
v GPM Locator Tool 1

L. 3D Plane Measurement Tool 1 v Y

2 il
Input 3D Data @ 3D Data Generator Tool 1 [ me——]
| . | (208,416) 238x268 [ )
Window Mask Enable [ ]
2D-3D Gap © mm

Min Num. Valid Points ® 100
Fit Error Threshold mm

Plot Mode Plot Everything |5

[Time to Find  ms Num. Valid Points

Num. Points

[y =]
oy o ] e =0

LIVE SNAP FIND SNAP+FIND CONT S+F PLAYBACK

END EDIT
—

1 Select [3D Data Generator Tool 1] for [Input 3D data].
Click the [Set] button.
The green lines shown in the image are the model and the area taught with pattern matching, and the
area inside the red frame is the plane measurement area. When the measurement area is first taught,
the red frame will be shown overlapping the green frame, but this can be changed. For details on the
measurement area teaching screen for plane measurement, refer to “/RVision OPERATOR’S
MANUAL (Reference) B-83914EN.”
Once the measurement area has been taught, a thumbnail of the image used for teaching appears, and
the position and size of the area appear.

#Memo
If the model origin for the GPM Locator is not in the plane you want to measure,
change [2D-3D Gap]. If the model origin is above the Z direction as seen from
the plane you want to measure, specify a positive value for this setting. For
details, refer to “iIRVision OPERATOR’S MANUAL (Reference) B-83914EN.”

3 Change [Plot Mode] to [Plot Everything].
4  Click [SAVE].

/\ CAUTION
Before setting the 3D Plane Measurement Tool, complete the setting of the GPM
Locator Tool. Also, the measurement area must be taught again if the model of
the GPM Locator Tool is changed.
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Running a test
Check whether the taught area is appropriate. If necessary, adjust parameters to enable stable detection.

iRVision Vision Setup - V_3DV_SAMPLE

EEIPERE VAL 100% K2/ = =N |
v H 3DV Single-View Vis. Proc [4 A
Snap Tool 1
Depth Snap Tool 1
ﬂso Data Generator Tool 1
v GPM Locator Tool 1
& 3D Plane Measurement Tool 1 ¥
= &

Input 3D Data 3D Data Generator Tool 1 n

| . | (208,416) 238x268 Set

Window Mask Enable []
203D Gap mm

Min Num. Valid Points® 100

Fit Error Threshold mm

Plot Mode Plot Everything [

M

Time to Find 11 ms Numn. Valid Points

Num. Points 1417 1 550.65 496.02  15.04 0.000 0.000 1.000 845

=

SAVE

[ | Mpa?
I - | o0

SNAP+FIND CONT S+F

PLAYBACK

3,5

1 Click [SNAP+FIND].
An image is snapped and detection is performed.
2 Check that a light blue plot is displayed on the surface of the part that you want to measure.

#Memo

1 Adjust parameters of the 3D Plane Measurement Tool if there is a problem. For
example, if a light blue plot is displayed on a surface other than the one that you
want to measure, teach [Window Mask]. Also, some parameters are displayed
only in advanced mode. For this reason, switch the mode as necessary. For
details, refer to “/IRVision OPERATOR’S MANUAL (Reference) B-83914EN.”

2 In the above example, the measurement area is taught so that the plane (the
large circle section shown on the part) at the highest position of the part will be
measured. Change the measurement area according to the shape of the part.

Click [SAVE].
Repeat steps 1 to 4 by changing the tilt of the plane.

5  Ifthere is no problem with the test run, change the option for [Plot Mode] to [Plot Measurement Area]
and click [SAVE] again.

B ENON]
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22538 Setting reference position

Here, place a part on a reference position, run a test and set the detection result as the reference position
XYZWPR.

When the vision process is performed after the setting, the vision process calculates the offset data by
comparing the actual position where the part is detected against the reference position.

In preparation, select [3DV Single-View Vis. Proc] in the tree view, and select [Snap Tool 1] for [Display

Image].
1

3DV Sensor V_3DV_CAM [ v ]
Application Fixed Frame Offset |54
Offset Frame UF 1: UFramel n
Moac 7 Ranna | 10l ianlmmaie
Display Image Snhap Tool 1 n
Image Display Mode 2D Image + Result {4
Show Discarded D
Image Logging Mode Log Failed Imagesn

Then, select [Offset data Calculation Tool] in the tree view, and then set each item.

iRVision Vision Setup - V_3DV_SAMPLE
= @] 7] e I

(=) Snap Tool 1

Depth Snap Tool 1

E 3D Data Generator Tool 1
v GPM Locator Tool 1

3D Plane Measurement Tool 1

4% Offset data Calculation Tool ¥ v
‘
Reference Data

Ref. Pos. Status Set _ 2
Reference XYZ mm
ReferencewpR | 00 00| 00°

Time to Find  26ms L x T v [z [ w [ P [ R | __ ModellD [ _Score ]
-0.0 0.0 -0.0

1 100.0 1.0

Found 1 1 486.5 495.5 15.1
Discarded

Num. ®

M Ey

SAVE END EDIT

[y =]
[}
S

M1
LHJ

SNAP+FIND
—

)|

PLAYBACK

CONT S+F

Click [SNAP+FIND] to find the part.
Check that the part has been found correctly, and click the [Set] button of [Ref. Pos. Status].
3 Click [SAVE] and then [END EDIT].

N —

/\ CAUTION
From this point forward, do not move the part until teaching of the robot motion
when the part is placed at the reference position is finished in the TP program for
fixed frame offset.
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2.2.6 Editing TP Program

Edit the TP program for the 3D fixed frame offset system with a 3DV Sensor.
This system has a pre-installed sample program. This section explains how to create a program for
transporting a part while actually performing 3D fixed frame offset based on this sample program.

Copying the sample program
1 Select [V_3DV_FIXED] and click [COPY] on the program list screen.

690524 bytes free 4/5
No. Program name Comment
1 —-BCEKEDT- [ 1
2 CMT_ 3DV _BP [Comment R & PR ]
3 vV _3nV _RP [Bin Pick 1
4 [Fixed Frame Ofs.]
5 V_3DV _TOOL [Tool Ofs. 1

’ COPY DETAIL LOAD SAVE AS PRINT

2 Edit the program name and click [OK].

Editing the program

1 Open the copied program and teach the following positions.

Positions

P[1: Home]

Home position. The robot’s waiting position and posture when it is not doing
anything.

P[2: Search]

The detection position. The robot’s position and posture when the sensor has
found the part.

P[3: Pick Approach]

The approach position when picking the part. In most cases, it is right above
the part that needs to be picked up.

P[4: Pick]

The part pick position. It is the position at which the part is actually picked up
(grasped).

P[5: Pick Retract]

The pick retraction position. A relay point when moving from the pick up
position to the placement position.

P[6: Place Approach]

The placement approach position.

P[7: Place]

The placement position.

P[8: Place Retract]

The place retraction position. It can be the same position and posture as P[6].

B-83914EN-3/04
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Setup

2.

: UFRAME NUM=1

. UTOOL NUM=1
o] P[l:Home] 30% FN

: ISEARCH

: LBL[10]

: J P[2:Search] 100% FINE
: WAIT
: VISION RUN_FIND 'V_3DV_SAMPLE'
: VISION GET OFFSET 'V_3DV_SAMPLE'

: IPICK
: L P[3:Pick Approach] 800mm/sec CNT100

: L P[4:Pick] 200mm/sec FINE VOFFSET,VR[1]
: !Insert program instructions

: lto grasp the part.

: CALL ...

: L P[5:Pick Retract] 800mm/sec CNT100

: IPLACE

: L P[6:Place Approach] 800mm/sec CNT100
: L P[7:Place] 200mm/sec FINE
: !Insert program instructions

: lto release the part.

: CALL ...

: L P[8:Place Retract] 800mm/sec CNT100
: JMP LBL[10]

: IERROR
30:

Specify the user frame number set in “2.2.2
User Frame Setting”.

Specify the tool frame number set in “2.2.4
Tool Frame Setting”.

Wait for robot-vibration to reduce.

.30(SEC) mumm

Execute measurement.

VR[1] IMP LBL[999]

~~

Get the offset data in the measurement
result and jump to the last row when not
found.

VOFFSET,VR[1]

Move to the part pick position.

VOFFSET,VR[1]

Move to the part placement position.

LBL[999]

2 Specify the instruction to grasp the part and release the part after the P[4] and P[7] motion instructions,
respectively, using each of the CALL instructions.

2.7

Checking Robot Offset Operation

Check that a part on the table can be detected and picked up accurately.
Start with lower override of the robot to check that the logic of the program and the motion of the robot are
correct. Next, increase the override and keep the robot running continuously to check that it works properly.

e  Place the part near the reference position, find it and check that it can be picked up accurately. If the
accuracy of compensation is low, retry the reference position setting.

e  Move the part in the X direction or Y direction without rotation, find it and check that it can be picked
up accurately.

e  Rotate the part, find it and check that it can be picked up accurately. If the part near the reference
position can be picked up accurately but the accuracy decreases as the part rotates, the settings of the
calibration grid and of the frame used for offset may not have been performed accurately. If you set
the frame with a pointer tool, check the accuracy of touch-up and retry calibrating the 3DV Sensor.

e  Change the part’s height, find it and check that it can be picked up accurately.

e  Tilt the part, find it and check that it can be picked up accurately.

42
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2.3 3D MULTI-VIEW FIXED FRAME OFFSET SYSTEM USING
ROBOT-MOUNTED CAMERA

2
When 3D fixed frame offset is used with a large part that does not fit within the 3DV Sensor’s field of view, -
this function can be used to perform fixed frame offset with a greater precision than measuring one location.

This section explains the setup procedures for the 3D fixed frame offset system using one robot-mounted
camera to measure multiple locations.

#Memo
With this system, measurement is performed at multiple measurement points.
The offset precision is improved by selecting measurement points that are as far
apart as possible, so a robot-mounted camera is suitable for measurement. It is
possible to measure at multiple points with a fixed camera, but measuring with
multiple cameras is preferable.
It is also possible to use multiple robot-mounted cameras or to use a
combination of robot-mounted and fixed cameras.

Gripper TCP
—UTOOL[1]

Reference UFRAME

—UFRAME[1] Pallet

Example of a 3D multi-view fixed frame offset system configuration using a robot-mounted camera

2.3.1 Installation and Connection of 3DV Sensor

Installation of the 3DV Sensor
Install the 3DV Sensor on the robot.

Connecting the 3DV Sensor

Connect the 3DV Sensor to a robot controller.
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Checking the connection of the 3DV Sensor
Open Vision Devices and check that the 3DV Sensor is connected according to the following procedure.

iRVision - Vision Devices

| — 3DV/400 with LED light

Channel 1

Type 3DV/400 with LED light
Serial Number Virtual

Version Virtual

Camera Parameters

Image Size 950x1104 pix

Focal Distance 12.700 mm

Lens Distortion 0.000000 mm

Vertical Spacing 5.300 pm

Aspect Ratio 1.00000

Image Center 475.00x605.00
Exposure Time Range 0.100 - 200.000 ms

Sensor Check
Update
Temperature of Sensor 23.000 deg C

Temperature of
Projector

24.000 deg C

................. 22950 dan O

1 On the ROBOT Homepage, select [iRVision] — [Vision Devices], and select the connected 3DV
Sensor on the Vision Devices screen.

2 Click [LIVE] and check that continuously snapped images are displayed.

2.3.2 User Frame Setting

Set the user frame which becomes the reference frame for an offset calculation. Set it on the work table as
shown in the figure below. For how to set up the user frame, refer to “Know-How: 1 FRAME SETTING”.

Example of user frame setup

Here, set the user frame to UFRAME [1] as described in the figure ‘Example of a 3D multi-view fixed
frame offset system configuration using a robot-mounted camera’ at the beginning of this section.
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2.3.3 3DV Sensor Data Setting

To use the 3DV Sensor, the 3DV Sensor must be set using a calibration grid.

Set the mounting position of the robot-mounted camera according to the procedures described in “Know-
How: 2.1 3DV SENSOR MOUNTING POSITION SETUP WITH ROBOT-MOUNTED CAMERA.”
This system has pre-installed sample 3DV Sensor Data. It is convenient to configure the settings based on
the sample. This chapter explains the operations assuming that the sample 3DV Sensor Data will be used.

2.3.4  Tool Frame Setting

Set a tool frame in the center of the end of the gripper claw or the pad to pick up a part. This frame is useful
for accurately moving the TCP of the gripper to the part gripping position.

The Z-axis of this frame should be set along the direction in which the gripper approaches the part to be
picked up. The positive direction of the Z-axis should be reversed compared to the direction in which the
gripper approaches a part. Therefore, change the direction to W=180 by the direct list method immediately
after teaching a TCP.

Here, set the TCP of the gripper to UTOOL [1] referring to the figure ‘Example of a 3D multi-view fixed
frame offset system configuration using a robot-mounted camera’ at the beginning of this section. For how
to set up the tool frame, refer to “Know-How: 1 FRAME SETTING.”

2.3.5 Creating and Setting up Vision Process

Create and set up a new “3DV Multi-View Vision Process” program.

2.3.5.1 Creating a new vision process

Create a vision process with the following procedure.

iRVision Vision Setup

Comment Created Modified

Camera Data (1)

M v_3DVv_cAM Sample 3DV Sensor Data 3DV Sensor 17-DEC-2019 12:02:18 17-DEC-2019 12:02:18 200

Vision Process Tools (1)

E V_3DV_SAMPLE Sample Vision Process for 3DV Sensor 3DV Single-View Vis. Proc 17-DEC-2019 12:02:42 17-DEC-2019 12:08:02 1379

FILTER

1 Click [CREATE].
A pop-up is displayed for creating new vision data.
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5

iRVision Vision Setup

Create new on data

The name must start with a letter, contain no spaces, not contain the characters \\/:*?
\"<>I-, and be 34 characters or less

Comment |

Type E 3DV Multi-View Vision Process

¥ Camera Data 3DV Multi-View Vision Process is a vision process to detect 3D
position of a workpiece by measuring 3 or 4 places on the

X 2D camera workpiece with 3DV Sensor and to calculate a vision offset for

L - con proces

M 3DV Sensor This vision process is suited for offsetting a position of a large

o workpiece accurately.
W Vision Process Tools Exarmple:

V7 (Ratisft G (EI0Y SEErn) 1. Robot-Mounted 3DV Sensor + Fixed Frame Offset

3DV Single-View Vis. Proc The robot-mounted 3DV Sensor detects the positions of a
workpiece, and the robot picks up it based on the detected

3DV Stitching Vision Process result.
. Fixed 3DV Sensor + Tool Offset

L] y
e 3DV Multi-View Vision Process A position of a workpiece relative to the gripper held by

. the robot is measured by the fixed 3DV Sensor. The robot
w7 ettt @it e (I Eemsre) then offsets its motion so that it can place the workpiece
2-D Single-View Vision Process on the fixed position properly.

2-D Multi-View Vision Process

Depalletizing Vision Process

CANCEL

Select [3DV Multi-View Vision Process].
Enter a program name in [Name].

Give the program a unique name.

Click [OK].

A new program is created.

Created Modified

Camera Data (1)
m V_3DV_CAM Sample 3DV Sensor Data 3DV Sensor 17-DEC-2019 12:02:18 17-DEC-2019 12:02:18 200

n Process Tools (2)

i-View Vision Process

E V_3DV_SAMPLE Sample Vision Process for 3DV Sensor 3DV Single-View Vis. Proc 17-DEC-2019 12:02:42 17-DEC-2019 12:08:02 1379

FILTER

Click [EDIT].
The vision process setup screen appears.

46
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2.3.5.2

Setting parameters of vision process

iRVision Vision Setup - V_3DV_MULTI
: H 100% [ E == g ]
M 27 3DV Multi-View Vision Process v
v E Camera View 1 [
Snap Tool 1
Depth Snap Tool 1 [l
ESD Data Generator Tool 1
v GPM Locator Tool 1 [l
3D Plane Measurement Tool 1 [l

lApplication Fixed Frame Offset 52
Offset Frame UF 1: UFrame1l &
Image Logging Mode ® Log Failed Images [§

Combine Error mm [ # [ camviewName [ X [ v ] 2z ] w [P ]R] ModellD [ Score | _leanAngle |

[Time to Find ms

Lo} o & o= E

SNAP FIND SNAP+FIND CONT S+F END EDIT

1 Select [Fixed Frame Offset] from the [Application] drop-down box.
Select [1] from the [Offset Frame] drop-down box.
Offset frame is the user frame used for calculation of offset.
Select the user frame number set in “Setup: 2.3.2 User Frame Setting.”

#Memo
If you click IEN to switch to advanced mode, you can enable/disable [Camera
Base Find]. When the checkbox of [Camera Base Find] is checked, a part is
found based on the frame of the 3DV Sensor. When mounting the sensor to the
robot, the sensor snap position changes according to the movement of the robot.
For this reason, you should normally enable [Camera Base Find] to find a part.
Also, with “3DV Multi-View Vision Process”, multiple camera views must be set
up. If [Camera Base Find] is enabled, the detection position of all camera views
is the position based on the 3DV Sensor’s frame.

B-83914EN-3/04
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2.3.5.3 Determining measurement point for each camera view

In the following procedures, the measurement points for the camera views will be set up. Before the setup,
you must first roughly determine which parts of the work to measure.

Determine the measurement points with the camera views arranged as follows.

e  The camera views are separated as much as possible.
The camera views are not all arranged in a straight line.

e  To the extent possible, each camera view is set up to measure a different measurement surface.
Measurement surfaces are set in “Setup: 2.3.5.9 Setting up 3D Plane Measurement Tool”, and it is
preferable to set a different plane for each camera view.

e  Each camera view includes model features and a wide plane.

Model features are taught in “Setup: 2.3.5.8 Teaching GPM Locator Tool”, and wide planes are set as
measurement surfaces in “Setup: 2.3.5.9 Setting up 3D Plane Measurement Tool.” Accuracy is
improved by setting measurement points in a way that both of these fit in the camera view.

In this section, the camera views are set up with the measurement points near the red circles in the figure
below. The numbers indicate the camera view numbers.

Determining the measurement points

48
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2.3.5.4 Setting up Camera View 1

Set up the 3DV Sensor to use for Camera View 1.

Setting parameters

iRVision Vision Setup - V_3DV_MULTI
BN 100% EARNEQNCHNIFAN -
'B 3DV Mult Vision Process ~

M D) camera View 1 v

=N Snap Tool 1

I} Depth Snap Tool 1
E 3D Data Generator Tool 1
V GPM Locator Tool 1 [H
3D Plane Measurement Tool 1 [~ ¥

3DV Sensor V_3DV_CAM —— |
Display Image Snap Tool 1 h 3

Image Display Mode 2D Image + Result [

Found 0

{o} o &) L el | =

SNAP FIND SNAP+FIND CONT S+F PLAYBACK END EDIT

1 Select [V_3DV_CAM] from the [3DV Sensor] drop-down box.
2 When you select [3DV Sensor], the following message appears. Here, click [OK] to use the same
camera data in other camera views.

iRVision Vision Setup - V_3DV_MULTI

Is selected 3DV Sensor used in all camera views?
Click OK to set the 3DV Sensor in all camera views.
Click CANCEL to set the 3DV Sensor in only selected camera view.

3 Select [Snap Tool 1] from the [Display Image] drop-down box.
4 Jog the robot so that the feature on the part that you want to measure with Camera View 1 is near the
center of the 3DV Sensor’s field of view to determine the detection position.
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< Memo
Once the detection position is determined, it is convenient to store the position in
a position register.
For details about setting up the position registers and an example TP program,
refer to “Setup: 2.3.6 Creating and Teaching a TP Program.”

2.3.5.5 Teaching Snap Tool

Set parameters for snapping 2D images.

Select [Snap Tool 1] in the tree view to open the snap tool teaching screen. In most cases, you can use the
initial settings for the sample as they are. However, if the image is too dark or bright, adjust [Exposure
Time] or select [HDR] in [Exposure Mode].

For details on the snap tool, refer to “‘RVision OPERATOR’S MANUAL (Reference) B-83914EN.”

iRVision Vision Setup - V_3DV_MULTI

ENEA P EAVa 100% 2 =W .
¥ [ 3DV Multi-View Vision Process N
v E Camera View 1

Depth Snap Tool 1
E 3D Data Generator Tool 1
v GPM Locator Tool 1 [l

3D Plane Measurement Tool 1 [ M

Snap Window 2 Full Window Set
Resolution Reduction © 2x 2

Image Size 475%552 pix

Exposure Mode Fixed [

Exposure Time [ 20.000|ms
Multi Exposures -5

LED Type None [§1

Image Display Mode  Snapped Image [E

[Time to Find: 1208 ms

CH {e} sl (| B2
LIVE SNAP PLAYBACK SAVE END EDIT
< Memo

1 If the image is still too dark even when the exposure time is set to the maximum
(200 ms), change [LED Type] to [3DV Sensor] and then adjust the “Exposure
Time.”

2 The [HDR] option of [Exposure Mode] combines images snapped at multiple
exposure times, automatically selected according to the surrounding brightness,
into a single image with a wide dynamic range.
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Setup
2.3.5.6 Teaching Depth Snap tool
Select [Depth Snap Tool 1] in the tree view, and then set each item. -
2

Setting parameters

iRVision Vision Setup - V_3DV_MULTI

E 100%nm =5 S0 n

v @ 3DV Multi-View Vision Process a
v [¢] camera view 1

Snap Tool 1
E 3D Data Generator Tool 1
v GPM Locator Tool 1 [l

3D Plane Measurement Tool 1 [l M

Snap Window Full Window
~

Snap Mode Multi(normal) [
Exposure Time 141.421| ms
Projector Intensity 34

600.00| - | 1300.00

mm

Depth Range

ITage Doy moae St Thave ma

[Time to Find: 1323 ms

E) | M G

PLAYBACK SAVE END EDIT

1

Click [SNAP].
Adjust each parameter so that measurement omission (black area) will be reduced.
For details on each parameter, refer to “/RVision OPERATOR’S MANUAL (Reference) B-83914EN.”

Repeat the procedure starting from step 1 until the parameters are adjusted appropriately.

N —

#Memo
Because of its structure, the 3DV Sensor cannot measure the depth at the right

edge of the sensor’s field of view. For this reason, the right edge of the sensor’s
field of view may remain a black area. For details, refer to “Setup: 2.4 3DV
SENSOR” in “iRVision OPERATOR’S MANUAL (Reference) B-83914EN.”
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2.3.5.7 Setting parameters of 3D Data Generator Tool

Select [3D Data Generator Tool 1] in the tree view, and then set each item.

Setting parameters

iRVision Vision Setup - V_3DV_MULTI

< [ =] 100% EANDERICINIFAN Sl AT
v E 3DV Multi-View Vision Process ~
v E Camera View 1

{2} Snap Tool 1
LY Depth Snap Tool 1
v GPM Locator Tool 1 [
3D Plane Measurement Tool 1 [
3 & |
DownSample Ratio 2K
Image Display Mode 2D Imagen

Part Condition On Table [i———

v

Table RM.
Enable [V 2
Table Z Height MM —
Filtering

Enable Il

Normal Calculation

Enable i

Time to Find ms Total Number Removed Number Left Number

-} L H E)) | " =

SNAP+FIND CONT S+F PLAYBACK END EDIT

Select [On Table] from the [Part Condition] drop-down box.

Check the checkbox of [Enable] in [Table RM.].

3 Set[Table Z Height].

This parameter is the height from the 3DV Sensor to the offset plane, which is normally a negative
value. It represents the Z height on the camera frame.

N =

Running a test
Check that unnecessary 3D points for part detection have been removed correctly.

iRVision Vision Setup - V_3DV_MULTI
ENE PV oo I IEW | IFA -~ IEN = | -
'ESD\I Multi-View Vision Process [ N
v E Camera View 1
-} Snap Tool 1
L.} Depth Snap Tool 1
¥ 5% GPM Locator Tool 1 [l

3D Plane Measurement Tool 1 [ M

& =
7D — DownSample Ratio ]

Image Display Mode 2D Image + Result 5

’ Part Condition On Table [§1

Table RM.

Enable

Table Z Height mm

Filtering

Enable )

Normal Calculation

Enable Il

54273 32477 21796

1 : L] - a0 M [

SNAP+FIND CONT S+F PLAYBACK END EDIT

1 Click [SNAP+FIND]. An image is snapped and detection is performed.
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2 Check that unnecessary 3D points for part detection have been removed correctly.
The area displayed in red is a removed 3D point group. Check whether the area other than the part is
displayed in red.

~Memo

If the 3D points on the table plane are not removed, fine-tune the “Table Z
Height.”

2.3.5.8 Teaching GPM Locator Tool

Set parameters for 2D measurement (detection of 2D features).
Select [GPM Locator Tool 1] in the tree view, and then set each item.

Setting parameters

iRVision Vision Setup - V_3DV_MULTI
g =
ENEArAEIra 100+ EANN=G CRIFAIFEN IEN =
v @ 3DV Multi-View Vision Process A
v E Camera View 1
Snap Tool 1
Depth Snap Tool 1
[ 30 Data Generator Tool 1
M B GPM Locator Tool 1 ¥
3D Plane Measurement Tool 1 [l ¥
3 4
Input Image Snap Tool 1 B -
[eocn MY
|
| S— Set Org
[Training Stability Loc. G Ang. G Sca. G
ITraining Mask @ Enable
Emphasis Area Enable
Learning Enable v
Model Origin Bias# __ None | set |
Found 0 Row(V) Column(H) | _Score | _Contrast | _FitError [ Angle | Scale ]| Aspect [ Skew ]
|Almost Found ©
Time to Find 0 ms
Show Almost Found £
r &
- & S =] » | E 6
FIND SNAP+FIND CONT S+F PLAYBACK | | SAVE || END EDIT
DOF Enable Nom. Min. Max.
Qricptation o 1800 1800/ o°
Scale O % 90.0 110.0| % 5
Aspect B % 100.0| %

1 Click [SNAP] to capture an image.
Click the [Teach] button to teach the model
The GPM Locator Tool model setup screen appears. Teach 2D features used for position detection.
Select features of the model on the same plane as much as possible to reduce the effects of changes in
shape due to parallax. For features that do not need to be included in the model, [Training Mask] can
be set to exclude them from the teach model. For details on teaching 2D features, refer to “/RVision
OPERATOR’S MANUAL (Reference) B-83914EN.”

3 Check that the pattern that you want to use as the model has been plotted with a green line and that
the model origin (green cross) is on the plane of the pattern.

~Memo
If the model origin is not on the same plane as the pattern, click the [Set Org.]
button and move the model origin onto the same plane as the pattern.

4  Click EEH to switch to advanced mode.
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5 Check the checkboxes of [Scale] and [Aspect] in [DOF].

#Memo
Change the [Min.] and [Max.] settings for [Orientation], [Scale], and [Aspect] in
[DOF] as necessary. If the distance between the camera and the part varies
widely, consider expanding the [Scale] search range setting. If the tilt between
the camera and the part varies widely, consider expanding the [Aspect] search
range setting. Also, if misdetection of the part seems to increase, consider
decreasing the search range parameters. For details, see “iIRVision
OPERATOR’S MANUAL (Reference) B-83914EN.”

6  Click [SAVE].

Running a test

Setup - V_3DV_MULTI

100% AIERIERFEAEER - AR
'BSDV M on Process [
'ECam
Snap Tool 1
Depth Snap Tool 1
[ 30 Data Generator Tool 1

M B GPM Locator Tool 1 v
3D Plane Measurement Tool 1 [l M
B
Input Image Snap Tool 1 B -
| — GEdit
—
[Training Mask 10 Enable
Emphasis Area Enable
Learning Enable v
nnnnnnn PO | S PO P
e : Row(V) | Column(H) | Score | Contrast | FitEmor | Angle | Scale | Aspect | Skew )

IAlmost Found 0 1 496.8 278.0 100.0 149.7 0.000 -0.0 100.0 100.0 22.3

[Time to Find 81 ms 3
Show Almost Found

s A
& S =) |
LIVE SNAP+FIND CONT S+F PLAYBACK

1 Check [Training Stability].
This item provides a guideline indicating whether the position, angle and size are detected correctly
in the taught model. Evaluations are indicated with [G] (good), [P] (poor) and [N] (none). [N] indicates
that stable detection of the model may be impossible.
In such a case, change the model, or uncheck [Enable] for the parameter in question in [DOF].

2 Click [SNAP+FIND].
An image is snapped, and detection is performed.

3 Check measurement results.
Check that the same pattern as the model has been plotted with a green line. Then, check the score,
contrast, and other results of the detected model on the test result display area. If the score and contrast
values are higher than the set thresholds by at least 10 points, there is no problem.

| =

END EDIT

< Memo
Adjust parameters of the GPM Locator Tool if there is a problem. Some
parameters are displayed only in the advanced mode. For this reason, switch the
mode as necessary. For details, refer to “/RVision OPERATOR’S MANUAL

(Reference) B-83914EN.”
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2.3.59 Setting up 3D Plane Measurement Tool

Set parameters for detecting the plane near the 2D feature position detected with the GPM Locator Tool
from 3D snap data. Select [3D Plane Measurement Tool 1] in the tree view, and then set each item.

Setting parameters

iRVision Vision Setup - V_3DV_MULTI

ENEAFEAVAL 1 100% K2 =l i
— R =
SnapTDoIl A

Depth Snap Tool 1
[ 3D Data Generator Tool 1
v GPM Locator Tool 1

L 3D Plane Measurement Tool 1 v

Input 3D Data 3D Data Generator Tool 1 || memm—|

(490,286) 452x808 [T et D

Window Mask Enable [ Edit
2D-3D Gap 0 mm

Min Num. Valid Points® 100
Fit Error Threshold mm

Fix Normal Direction @ [ ]

Plot Mode Plot Everything [ m——3

Time to Find  ms Num. Valid Points

Num. Points

e} o -3 L G|

LIVE SNAP FIND SNAP+FIND CONT S+F PLAYBACK

END EDIT
—

1 Select [3D Data Generator Tool 1] for [Input 3D data].
Click the [Set] button.
The green lines shown in the image are the model and the area taught with pattern matching, and the
area inside the red frame is the plane measurement area. When the measurement area is first taught,
the red frame will be shown overlapping the green frame, but this can be changed. For details on the
measurement area teaching screen for plane measurement, refer to “iRVision OPERATOR’S
MANUAL (Reference) B-83914EN.”
Once the measurement area has been taught, a thumbnail of the image used for teaching appears, and
the position and size of the area appear.

~Memo
If the model origin for pattern matching is not in the plane you want to measure,
change [2D-3D Gap]. If the model origin is above the Z direction as seen from
the plane you want to measure, specify a positive value for this setting. For
details, refer to “/IRVision OPERATOR’S MANUAL (Reference) B-83914EN.”

3 Select [Plot Everything] from the [Plot Mode] drop-down box.
4  Click [SAVE].

/\ CAUTION
Before setting the 3D Plane Measurement Tool, complete the setting of the GPM
Locator Tool. Also, the measurement area must be taught again if the model of
the GPM Locator Tool is changed.

Running a test
Check whether the taught area is appropriate. If necessary, adjust parameters to enable stable detection.
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iRVision Vision Setup - V_3DV_MULTI

BRI GIEIZAC ) A
o
Snap Tool 1 o
Depth Snap Tool 1
[ 30 pata Generator Tool ©
v GPM Locator Tool 1
& 3D Plane Measurement Tool 1 v ©
Input 3D Data 3D Data Generator Tool 1 [
2 -
(490,286) 452808 Set
Window Mask 0 Enable [
oo [ odmm
Min Num. Valid Points ® 100
Fit Error Threshold mm
Fix Normal Direction® [ ]
Plot Mode Plot Everything K2l 3
LI # [ x [ v [z [ Normalx [ NormalY [ Normalz [ Num.Valid Points
Num. Points 10323 1 8657 424  -824.44 -0.000 0.000 1.000 18192 0.0
pr——
[y .| o B
1 LB D =] » | 4
LIVE SNAP FIND SNAP+FIND || CONT S+F PLAYBACK END EDIT

Click [SNAP+FIND].
An image is snapped and detection is performed.
Check that a light blue plot is displayed on the surface of the part that you want to measure.

#Memo

1 Adjust parameters of the 3D Plane Measurement Tool if there is a problem. For
example, if a light blue plot is displayed on a surface other than the one that you
want to measure, teach [Window Mask]. Also, some parameters are displayed
only in advanced mode. For this reason, switch the mode as necessary. For
details, refer to “/IRVision OPERATOR’S MANUAL (Reference) B-83914EN.”

2 Change the measurement area according to the shape of the part.

3
4

If there is no problem with the test run, change the option for [Plot Mode] to [Plot Measurement Area].
Click [SAVE].
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2.3.5.10 Running a test for Camera View 1

After setting all child tools for Camera View 1, select [Camera View 1] in the tree view, and then perform
a test run to check whether detection with Camera View 1 is performed correctly.

iRVision Vision Setup - V_3DV_MULTI

KN Bl B EA VA L 7

v B 3DV Multi-View Vision Process A

Snap Tool 1
Depth Snap Tool 1
E 3D Data Generator Tool 1
v GPM Locator Tool 1
™ 30 plane Measurement Tool 1 v

3DV Sensor V_3DV_CAM
Display Image Snap Tool 1
Image Display Mode 2D Image + Result [l

Found 1 -7.6 114.2 -8.

24.4 -0.0 -0.0 -0.0 1

100.0

[y}
LHJ

SNAP+FIND

o =0

PLAYBACK

| =

END EDIT

CONT S+F

1 Click [SNAP+FIND].
An image is snapped and detection is performed.

2 Check whether detection was successful.
If the features you want to detect on the screen are plotted with a green line, detection completed
without problems.

/\ CAUTION
From this point forward, do not move the part until teaching of the robot motion
when the part is placed at the reference position is finished in the TP program for
fixed frame offset.

~Memo

1 The reference position in “3DV Multi-View Vision Process” in “Setup: 2.3.5.12
Setting Reference Position” is set using the detection results from the camera
views. Therefore, if detection with the camera view is not successful, vision
process setup is not complete.
If detection with the camera view is unsuccessful, review the parameter settings
of the child tools, and check whether the detection is performed correctly again.

2 The value for [Lean angle] is not displayed in the result display area at this
stage. It will be displayed after the reference position is set in “Setup: 2.3.5.12
Setting Reference Position.”
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2.3.5.11 Setting up Camera Views 2 to 4

After setting up Camera View 1, set up Camera Views 2 to 4 using the same procedures.

The procedures are the same, but it is recommended that you move the robot and change the measurement
position for each camera view. This is because the accuracy of the offset motion is improved by separating
the part teaching positions as much as possible for each camera views.

#Memo

1 When storing the camera view detection position in a position register, it is
convenient to store each camera view’s position in a different position register. If
you are creating a TP program based on the example in “Setup: 2.3.6 Creating
and Teaching a TP Program”, set up the position registers based on the setting
example too.

2 In the initial state, four camera views are available on the assumption that four
points will be measured, but if it is impractical to measure four points, you can
delete one of the camera views. However, Camera View 1 cannot be deleted.

3 When setting up Camera Views 2 to 4, snap after you have moved the robot to
each of the measurement positions. Be careful not to continue setup with the
same image snapped from another camera view.

2.3.5.12 Setting reference position

Here, place a part on a reference position, run a test and set the detection result as the reference position
XYZWPR.

When the vision process is performed after the setting, the vision process calculates the offset data by
comparing the actual position where the part is detected against the reference position.

Select [Offset data Calculation Tool] in the tree view, and then set each item.

iRVision Vision Setup - V_3DV_MULTI
> B e s0% K2l =l = =0 0
v B 3DV Multi-View Vision Process
» [4] camera View 1
> E Camera View 2
> E Camera View 3
» [¢] camera view 4

4% Offset data Calculation Tool v

] & |
Reference Data
Ref. Pos. Status set [N =— )
Reference X -7.599 mm
Reference Y 114.239 mm
Reference Z -824.434 mm

Reference W -0.000 ©
Reference P -0.002 ©
Reference R -0.000 ©

e+ [ camvViewName [ x [ v ] =z [ w] P J]R]J MdelD [ score | _LeanAngle ]
[Time to Find  682ms Camera View 1 -7.6 114.2 -8244 -00 -0.0 -0.0 100.0 0.0
Camera View 2 S -14.3 -8244 -00 -0.0 0.0 100.0 0.0
Camera View 3 -14.6 111.3 -824.4 0.0 0.0 -0.0 100.0 0.0
Camera View 4 -39.8 -85.1 -8244 -00 -0.0 0.0 100.0 0.0

1
1
1
1

AW N e

M = 3

SAVE END EDIT

[y .l
LhJ

SNAP+FIND

&

CONT S+F

1 Click [FIND] to detect the part.
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/\ CAUTION

again.

Do not click [SNAP] or [SNAP+FIND] at this point. If you take a snap, the images
snapped at the current position is reflected in all camera views, and the
reference position will not be set correctly.

If you mistakenly click [SNAP] or [SNAP+FIND], move the robot to each camera
view’s measurement position, and repeat the test run for each camera view

2 Check that the part has been found correctly, and click [Set] of [Ref. Pos. Status].
3 Click [SAVE] and then [END EDIT].

2.3.6 Creating and Teaching a TP Program

Create a TP program for the 3D fixed frame offset system by measuring multiple points using the 3DV
Sensor. Below is an example TP program and an explanation of the position registers.

Position registers

PR [1: Home]

Home position. The robot’s waiting position and posture when it is not doing
any work.

PR [2: Searchl]

The detection position. The robot’s position and posture when the sensor has
found the part in Camera View 1.

PR [3: Search2]

The detection position. The robot’s position and posture when the sensor has
found the part in Camera View 2.

PR [4: Search3]

The detection position. The robot’s position and posture when the sensor has
found the part in Camera View 3.

PR [5: Search4]

The detection position. The robot’s position and posture when the sensor has
found the part in Camera View 4.

PR [6: Pick Approach]

The approach position when picking the part. In most cases, it is right above
the part that needs to be picked up.

PR [7: Pick]

The part pick position. It is the position at which the part is actually picked
up (grasped).

PR [8: Pick Retract]

The pick retraction position. A relay point when moving from the pick
position to the placement position.

PR [9: Place Approach]

The placement approach position.

PR [10: Place]

The placement position.

PR [11: Place Retract]

The place retraction position. It can be the same position and posture as
PR[9].
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Setup

L b BB BRB DD BB D WWLWLWWLWWWWENNDDNDNDNDNDDNDDN = === == = = g

: UFRAME NUM=]=—=
: UTOOL NUM=1
: JPR[1:Home] 30% FINE

: JPR[2:Search1] 100% FINE
: WAIT

: VISION GET_NFOUND 'V_3DV_MULTI' R[14] CAMERA VIEW[1]§]

: IF R[14]<1,JMP LBL[999]
: ISEARCH 2 \-

: J PR[3:Search2] 100% FINE
: WAIT
: VISION RUN_FIND 'V_3DV_MULTI' CAMERA_ VIEW[2]

: VISION GET NFOUND 'V_3DV_MULTI' R[14] CAMERA VIEW|2]
: IF R[14]<1,JMP LBL[999]

: ISEARCH 3

: J PR[4:Search3] 100% FINE
: WAIT
: VISION RUN _FIND'V 3DV _MULTI' CAMERA VIEW[3]

: VISION GET NFOUND 'V_3DV_MULTI' R[14] CAMERA_ VIEW][3]
: IF R[14]<1,JMP LBL[999]

: ISEARCH 4

: JPR[5:Search4] 100% FINE
: WAIT
: VISION RUN _FIND 'V_3DV_MULTI' CAMERA VIEW[4]

. VISION GET NFOUND 'V_3DV_MULTI R[14] CAMERA_VIEW[4]
: IF R[14]<1,JMP LBL[999]

: |GET OFFSET DATA
: VISION GET_OFFSET 'V_3DV_MULTI' VR[1] JMP LBL[999]

: IPICK

: L PR[6:Pick Approach] 800mm/sec CNT100 VOFFSET,VR[1]
: L PR[7:Pick] 200mm/sec FINE VOFFSET,VR[1]
. !Insert program instraction to grasp the part

: CALL ...

: L PR[8:Pick Retract] 800mm/sec CNT100 VOFFSET,VR[1]

: IPLACE

: L PR[9:Place Approach] 800mm/sec CNT100
: L PR[10:Place] 200mm/sec FINE
: !Insert program instraction to release the part
: CALL ...

: L PR[11:Place Retract] 800mm/sec CNT100
: JMP LBL[10]

: IERROR
: LBL[999]

Specify the user frame number set in “2.3.2
User Frame Setting”.

LBL[10]
ISEARCH 1

Specify the tool frame number set in “2.3.4
Tool Frame Setting”.

.30(sec)

VISION RUN_FIND 'V_3DV_MULTI' CAMERA_VIEW[1]

.30(sec)

.30(sec)

.30(sec)

Wait for robot-vibration to reduce.

Execute measurement of Camera View 1.

Get the number of found for Camera View 1.

Jump to the last row when not found for
Camera View 1.

Get the offset data in the measurement results
(jump to the last row when failed to get).

Move to the part pick position.

Move to the part placement position.

~NMemo
For the CALL commands on lines 41 and 48, specify the commands to grasp

and release the part, respectively.
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2.3.7 Checking Robot Offset Operation

Check that a part on the table can be detected and picked up accurately.

The detection results and offset data acquisition results from the vision command can be checked on the
vision runtime screen. For details about the vision runtime screen, refer to “;RVision OPERATOR’S
MANUAL (Reference) B-83914EN.”

Start with lower override of the robot to check that the logic of the program and the motion of the robot are
correct. Next, increase the override and keep the robot running continuously to check that it works properly.

#Memo
Here, you need to move the part to check the operation. Move the part so that
the part features taught for each camera view are within the field of view for each
camera view, and then check operation.

e  Place the part near the reference position, find it and check that it can be picked up accurately. If the
accuracy of compensation is low, retry the reference position setting.

e  Move the part in the X direction or Y direction without rotation, find it and check that it can be picked
up accurately.

e  Rotate the part, find it and check that it can be picked up accurately. If the part near the reference
position can be picked up accurately but the accuracy decreases as the part rotates, the settings of the
calibration grid and of the frame used for offset may not have been performed accurately. If you set
the frame with a pointer tool, check the accuracy of touch-up and retry calibrating the 3DV Sensor.

e  Change the part’s height, find it and check that it can be picked up accurately.

e  Tilt the part, find it and check that it can be picked up accurately.
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3 3D TOOL OFFSET SYSTEM

This chapter explains the setup procedures of the 3D tool offset system using a fixed camera.

< Memo
This chapter describes the screens and operations in the simple mode unless
otherwise noted. For details on the Simple Mode and Advanced Mode, refer to
the “iIRVision OPERATOR’S MANUAL (Reference) B-83914EN.”

3.1 3D SINGLE-VIEW TOOL OFFSET SYSTEM USING A
FIXED CAMERA

This section explains the setup procedure of the 3D tool offset system using a fixed camera to measure one
location with the setup in the following figure.

Part Detection
—3DV Single-View Vision Process

Gripper TCP
—UTOOL[1]

Part

Example of a 3D single-view tool offset system configuration

3.1.1 Installation and Connection of 3DV Sensor

Installation of the 3DV Sensor
Install the 3DV Sensor on the camera mount.

Connecting the 3DV Sensor

Connect the 3DV Sensor to a robot controller.

Checking the connection of the 3DV Sensor
Open Vision Devices and check that the 3DV Sensor is connected according to the following procedure.
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iRVision - Vision Devices

1 b e M 1: 3DV/400 with LED light

Channel 1 ~

Type 3DV/400 with LED light

Serial Number Virtual
Version Virtual
Camera Parameters

Image Size 950x1104 pix
Focal Distance 12.700 mm
Lens Distortion 0.000000 mm
Vertical Spacing 5.300 pm
Aspect Ratio 1.00000
Image Center 605.00%475.00
Exposure Time Range 0.100 - 200.000 ms
Sensor Check

Temperature of Sensor 23.000 deg C
Temperature of

24.000 deg C

Projector v
227250 den

1 On the ROBOT Homepage, select [iRVision] —[Vision Devices], and select the connected 3DV
Sensor on the Vision Devices screen.

2 Click [LIVE] and check that continuously snapped images are displayed.

3.1.2 Creating and Setting up 3DV Sensor Data

To use the 3DV Sensor, the 3DV Sensor must be set using a calibration grid.

Set the mounting position of the fixed camera according to the procedures described in “Know-How: 2.2
3DV SENSOR MOUNTING POSITION SETUP WITH FIXED CAMERA.”

This system has pre-installed sample 3DV Sensor Data. It is convenient to change the settings as necessary

based on the sample. This chapter explains the operations assuming that the sample 3DV Sensor Data will
be used.

3.1.3 Tool Frame Setting

Set a tool frame in the center of the end of the gripper claw or the pad to grasp a part. This frame is useful
for correcting the motion of the robot to accurately place a grasped part at the fixed position.

The Z-axis of this frame should be set along the direction of the gripper holding the part. The positive
direction of the Z-axis should be reversed compared to the direction in which the gripper approaches a part.
Therefore, change the direction to W=180 by the direct list method immediately after teaching a TCP.
Here, set the TCP of the gripper to UTOOL [1] referring to the figure ‘Example of a 3D single-view tool

offset system configuration’ at the beginning of this section. For how to set up the tool frame, refer to
“Know-How: 1 FRAME SETTING.”
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3.1.4 Setting up Vision Process

Set up a “3DV Single-View Vision Process.”
This system has a pre-installed sample vision process. The following explains the procedure for editing the
settings based on that sample.

3.1.4.1 Editing vision process

Select the sample vision process and open the edit screen.

1 Click [V_3DV_SAMPLE] in the [Vision Process Tools] category on the vision data list screen.

iRVision Vision Setup

Comment Created Modified
Camera Data (1)
Ev,sDV,CAM Sample 3DV Sensor Data 3DV Sensor 17-DEC-2019 12:02:18 17-DEC-2019 12:02:18 200

Vision Process Tools (1)

- V_3DV_SAMPLE Sample Vision Process for 3DV Sensor 3DV Single-View Vis. Proc 17-DEC-2019 12:02:42 17-DEC-2019 12:08:02

E —_
w

FILTER CopY DETAIL DELETE

2 Click [EDIT].
The vision process setup screen appears.
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3.1.4.2 Setting parameters of vision process

iRVision Vision Setup - V_3DV_SAMPLE

EFEIVAL] o0 EINIEWICHIFAN 50w
v

7 3DV Single-View Vis. Proc v 4

Snap Tool 1

Depth Snap Tool 1

n 3D Data Generator Tool 1
v GPM Locator Tool 1 [

3D Plane Measurement Tool 1 [ &

& |
3DV Sensor V_3DV_CAM [ |
IApplication Tool Offset [ n———")
Robot Holding Part Group 1 4
Offset Frame UT 1: Eoatl [+ ] —
Meas. Z Range - mm @UT 1
Display Image Depth Snap Tool 1 [v]
Image Display Mode 2D Image + Result |54
Show Discarded Il

Image Logging Mode  Log Failed Images [

Time to Find ms L x [ v ] z [ w [ P [ R [ Modelib ] __ Score ]

Found
Discarded
Num.

o) o ) LA =) | " B

SNAP FIND SNAP+FIND CONT S+F PLAYBACK END EDIT

Select [V_3DV_CAM] from the [3DV Sensor] drop-down box.
Select [Tool Offset] from the [Application] drop-down box.
3 Select [1] from the [Offset Frame] drop-down box.
Offset frame is the tool frame used for calculation of offset.
Select the tool frame number set in “Setup: 3.1.3 Tool Frame Setting.”
4 Hold the part with the gripper and jog the robot so that the part will come into the 3DV Sensor’s field
of view.
5  Teach the robot position in the robot program.
Teach the current position as the part detection position in the robot program.
This system comes with the sample TP program for tool offset installed. The details are described in
“Setup: 3.1.5 Editing TP Program.” The part measurement position is P[2] on the twelfth row in the
sample TP program.

N —

NOTE
When working on step 4, make sure that the part will not be hidden behind the
robot or the gripper. From this point forward, do not move the part and robot until
teaching of the robot motion when the part is placed at the reference position is
finished in the TP program for tool offset.
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3.1.4.3 Teaching Snap Tool

Set parameters for snapping 2D images.

Select [Snap Tool 1] in the tree view to open the snap tool teaching screen. In most cases, you can use the
initial settings for the sample as they are. However, if the image is too dark or bright, adjust [Exposure
Time] or select [HDR] in [Exposure Mode].

For details on the snap tool, refer to “/RVision OPERATOR’S MANUAL (Reference) B-83914EN.”

iRVision Vision Setup - V_3DV_SAMPLE

BV 100% K2/ [N BT
v E 3DV Single-View Vis. Proc 4 ~

Depth Snap Tool 1
ﬂ 3D Data Generator Tool 1

v GPM Locator Tool 1 [l

3D Plane Measurement Tool 1 [l M
Snap Window Full Window Set
Resolution Reduction © 2x K
Image Size 475%552 pix
Exposure Mode Fixed K1

Exposure Time § ms
Multi Exposures 1 §

LED Type £ None K2

Image Display Mode Snapped Image n

[Time to Find: 462 ms

"8 o} =0 M g

LIVE SNAP PLAYBACK SAVE END EDIT

#Memo

1 If the image is still too dark even when the exposure time is set to the maximum
(200 ms), change [LED Type] to [3DV Sensor] and then adjust the “Exposure
Time.”

2 The [HDR] option of [Exposure Mode] combines images snapped at multiple
exposure times, automatically selected according to the surrounding brightness,
into a single image with a wide dynamic range.
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3.1.4.4 Teaching Depth Snap Tool

Select [Depth Snap Tool 1] in the tree view, and then set each item.

Setting parameters

iRVision Vision Setup - V_3DV_SAMPLE

v E 3DV Single-View Vis. Proc
Snap Tool 1
E 3D Data Generator Tool 1

' GPM Locator Tool 1 [l

ErAEIra 100% K2 =R = A

3D Plane Measurement Tool 1 [l

v

ISnap Window Full Window
Resolution Reduction  |2x B4
— —
Snap Mode Multi(normal) |54 N
Exposure Time 141.421| ms
Projector Intensity 34 — )
e — 600.00| - | 1300.00)
mm
_ _ __ = J

[Time to Find: 902 ms

G| M

1
PLAYBACK

1 Click [SNAP].

Adjust each parameter so that measurement omission (black area) is removed from the part to be
measured. For details on each parameter, refer to "iRVision OPERATOR’S MANUAL (Reference)
B-83914EN". Repeat the procedure starting from step 1 until the parameters are adjusted appropriately.

B2

END EDIT

#Memo

field of view may remain a black area. For details, refer to "Setup:
VISION SENSOR" in “/RVision OPERATOR’S MANUAL (Referen

83914EN.”

Because of its structure, the 3DV Sensor cannot measure the depth at the right
edge of the sensor’s field of view. For this reason, the right edge of the sensor’s

2.4 3D
ce) B-

3.1.4.5 Setting parameters of 3D Data Generator Tool

Select [3D Data Generator Tool] in the tree view, and then set each item.

Setting parameters
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Setup

1 Select [On Table] from the [Part Condition] drop-down box.
2 Uncheck the checkbox of [Enable] in [Table RM.].

Running a test

iRVision Vision Setup - V_3DV_SAMPLE

EIFEIVALC] 100 SRR Flw

v [l 30V Single-View Vis. Proc [ A
Snap Tool 1
Depth Snap Tool 1
v GPM Locator Tool 1 [
™ 30 plane Measurement Tool 1 [l Vi

[Time to Find ms Total Number Removed Number Left Number

3 = |

DownSample Ratio F] -]
Image Display Mode 2D Image n

Part Condition On Table [ e——

Table RM.
Enable [

Filtering

Enable Il
Normal Calculation

Enable Il

el | =

PLAYBACK END EDIT

Check that 3D points necessary for the part detection have been detected correctly.

iRVision Vision Setup - V_3DV_SAMPLE

B EIVAL]

100 KRR ICHNIFAN - = i

v E 3DV Single-View Vis. Proc N
Snap Tool 1
Depth Snap Tool 1

. 3D Data Generator Tool 1 ¥
v GPM Locator Tool 1 [

3D Plane Measurement Tool 1 [ v

& = |

DownSample Ratio 2K

Image Display Mode  |2D Image + Result 5l
Part Condition on Table [

Table RM.

Enable [J

Filtering

Enable (|

Normal Calculation

Enable (|

0 7948

=0

PLAYBACK

| =

END EDIT

1 Click [SNAP+FIND]. An image is snapped and detection is performed.
2 Check that only necessary 3D points have been found and are shown in light blue.

“#Memo

If many 3D points other than the part are found, it may be improved by checking
the [Enable] checkbox in [Table RM.] and adjusting the table height.
If [Table RM.] is enabled, the removed 3D point cloud will be displayed in red.
Check that the areas other than the part are displayed in red.
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3.1.4.6 Teaching GPM Locator Tool

Set parameters for 2D measurement (detection of 2D features).
Select [GPM Locator Tool 1] in the tree view, and then set each item.

Setting parameters

iRVision Vision Setup - V_3DV_SAMPLE

EEIEIVA o B AR AP AR - IS
v H 3DV Single-View Vis. Proc

Snap Tool 1

Depth Snap Tool 1

ﬂ 3D Data Generator Tool 1

M B GPM Locator Tool 1 v

3D Plane Measurement Tool 1 [l

2

Input Image

i)

[Training Stability

Snap Tool 1

Loc. G Ang. G Sca.

Training Mask
Emphasis Area

Learning O
Model Origin Bias

Enable
Enable
Enable
None

<

B -
ESEl—3
G

—

Found o
|Almost Found 0
[Time to Find 0 ms

M)
LHJ

SNAP+FIND

3 =0

PLAYBACK

CONT S+F END EDIT

Nom. Min. Max.

K

Scale ¥ %
Aspect %

_

Place the part so that it is within the camera view.

Click [SNAP] to snap an image.

Click the [Teach] button to teach the model.

The GPM Locator Tool model setup screen appears. Teach 2D features used for position detection.
Select features of the model on the same plane to reduce the effects of changes in shape due to parallax.
For features that do not need to be included in the model, [ Training Mask] can be set to exclude them
from the teach model. For details on teaching 2D features, refer to “/RVision OPERATOR’S
MANUAL (Reference) B-83914EN.”

Check that the pattern that you want to use as the model has been plotted with a green line and that
the model origin (green cross) is on the plane of the pattern.

#Memo
If the model origin is not on the same plane as the pattern, click the [Set Org.]
button and move the model origin onto the same plane as the pattern.

AN D

Click IEER to switch to advanced mode.
Check the checkboxes of [Scale] and [Aspect] in [DOF].

B-83914EN-3/04
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#Memo
Change the [Min.] and [Max.] settings for [Orientation], [Scale], and [Aspect] in

[DOF] as necessary. If the distance between the camera and the part varies
widely, consider expanding the [Scale] search range setting. If the tilt between
the camera and the part varies widely, consider expanding the [Aspect] search
range setting. Also, if misdetection of the part seems to increase, consider
decreasing the search range parameters. For details, refer to “/RVision
OPERATOR’'S MANUAL (Reference) B-83914EN.”

7

Click [SAVE].

Running a test

iRVision Vision Setup - V_3DV_SAMPLE

BAFA AV - oo R R EA TR AN
¥ [l 3pv single-view Vis. Proc % A

Snap Tool 1
Depth Snap Tool 1
E 3D Data Generator Tool 1

- B
3D Plane Measurement Tool 1 [ &
S
Input Image Snap Tool 1 B -~
. - Set Org
| cen Oral

raining Stability loc. G Ang.G Sca. G

ITraining Mask Enable

Emphasis Area ) Enable Edit

Learning Enable

Model Origin Bias®  None

PPy | Y | N
Found 1

|Almost Found 0 1 418.5 590.5 100.0 122.2 0.000

[Time to Find 38 ms

e =0 |

CONT S+F PLAYBACK END EDIT

[y .l
LnJ

LIVE SNAP FIND SNAP+FIND

Check [Training Stability]

This item provides a guideline indicating whether the position, angle and size are detected correctly
in the taught model. Evaluations are indicated with [G] (good), [P] (poor) and [N] (none). [N] indicates
that stable detection of the model may be impossible.

In such a case, change the model, or uncheck [Enable] for the parameter in question in [DOF].

Click [SNAP+FIND].

An image is snapped and detection is performed.

Check that the same pattern as the model has been plotted with a green line. Then, check the score,
contrast, and other results of the detected model on the test result display area. If the score and contrast
values are higher than the set thresholds by at least 10 points, there is no problem.

< Memo
Adjust parameters of the GPM Locator Tool if there is a problem. Some
parameters are displayed only in the advanced mode. For this reason, switch the
mode as necessary. For details, refer to “/RVision OPERATOR’S MANUAL

(Reference) B-83914EN.”

4

Change the part position and repeat the same check several times.
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3.1.4.7 Setting up 3D Plane Measurement Tool

Set parameters for detecting the plane near the 2D feature position detected with the GPM Locator Tool
from 3D points.
Select [3D Plane Measurement Tool] in the tree view, and then set each item.

Setting parameters

iRVision Vision Setup - V_3DV_SAMPLE

B PR

100% K2 = S
v [l 3pv single-view Vis. Proc [ A
Snap Tool 1
Depth Snap Tool 1
E 3D Data Generator Tool 1
v GPM Locator Tool 1
L. 3D Plane Measurement Tool 1 v
> h

Input 3D Data 3D Data Generator Tool 1 || me——]

Vi

Loe e
. 3 x —
| L .] (304,359 238x456 (LI D

Window Mask © Enable [ ] Edit
20-3D Gap® mm

Min Num. Valid Points®  100|
Fit Error Threshold mm

Plot Mode Plot Everything [

Mime to Find 11 ms Num. Valid Points

Num. Points 6012

o) o ) L ) | o 4

SNAP FIND SNAP+FIND CONT S+F PLAYBACK END EDIT
\ —

1 Select [3D Data Generator Tool 1] for [Input 3D data].
Click the [Set] button.
The green lines shown in the image are the model and the area taught with pattern matching, and the
area inside the red frame is the plane measurement area. When the measurement area is first taught,
the red frame will be shown overlapping the green frame, but this can be changed. For details on the
measurement area teaching screen for plane measurement, refer to “/RVision OPERATOR’S
MANUAL (Reference) B-83914EN.”
Once the measurement area has been taught, a thumbnail of the image used for teaching appears, and
the position and size of the area appear.

#Memo
If the model origin for the GPM Locator Tool is not in the plane you want to
measure, change [2D-3D Gap]. If the model origin is above the Z direction as
seen from the plane you want to measure, specify a positive value for this
setting. For details, refer to “iRVision OPERATOR’S MANUAL (Reference) B-
83914EN.”

3 Change [Plot Mode] to [Plot Everything].
4  Click [SAVE].

/A\ CAUTION
Before setting the 3D Plane Measurement Tool, complete the setting of the GPM
Locator Tool. Also, the measurement area must be taught again if the model of
the GPM Locator Tool is changed.
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Running a test
Check whether the taught area is appropriate. If necessary, adjust parameters to enable stable detection.

iRVision Vision Setup - V_3DV_SAMPLE

EEIPEREA VAL 100% 2| =M N i
v H 3DV Single-View Vis. Proc A

Snap Tool 1

Depth Snap Tool 1

n 3D Data Generator Tool 1
¥ 5% GPM Locator Tool 1

& 3D Plane Measurement Tool 1 v v

Input 3D Data 3D Data Generator Tool 1 [§d
D m—
. .
. BB (304,354) 238x456 Set
. .

Window Mask £ Enable [

20-3D Gap© mm

Min Num. Valid Points® 100
Fit Error Threshold mm

Plot Mode Plot Everything [

Time to Find 11 ms Num. Valid Points

Num. Points 6012 1 24.13 -5.86 -40.83 0.819 -0.025 0.572 5721

|

PLAYBACK END EDIT

Mg
| ) LA 2] » |

CONT S+F

1 Click [SNAP+FIND].
An image is snapped and detection is performed.
2 Check that a light blue plot is displayed on the surface of the part that you want to measure.

#Memo

1 Adjust parameters of the 3D Plane Measurement Tool if there is a problem. For
example, if a light blue plot is displayed on a surface other than the one that you
want to measure, teach [Window Mask]. Also, some parameters are displayed
only in advanced mode. For this reason, switch the mode as necessary. For
details, refer to “iIRVision OPERATOR’S MANUAL (Reference) B-83914EN.”

2 Change the measurement area according to the shape of the part.

Click [SAVE].
Repeat steps 1 to 3 by changing the tilt of the plane.

5  Ifthere is no problem with the test run, change the option for [Plot Mode] to [Plot Measurement Area]
and click [SAVE] again.

B ENON]
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3.1.4.8 Setting reference position

Here, hold a part on a reference position, run a test and set the detection result as the reference position
XYZWPR.

When the vision process is performed after the setting, the vision process calculates the offset data by
comparing the actual position where the part is detected against the reference position.

In preparation, select [3DV Single-View Vis. Proc] in the tree view, and select [Snap Tool 1] for [Display
Image].

i
3DV Sensor V_3DV_CAM [+ |
IApplication Tool Offset n
Robot Holding Part Group 1 n
Offset Frame UT |1: Eoatl n
Monc 7 Ranae. | _annl- 100l mm @uT 1
Display Image Snap Tool 1 n
Image Display Mode mage + Resu
Show Discarded []

Image Logging Mode Log Failed Images n

Then, select [Offset data Calculation Tool] in the tree view, and then set each item.

iRVision Vision Setup - V_3DV_SAMPLE

= 2 = Bl

i} Depth Snap Tool 1
nso Data Generator Tool 1
¥ ¥ M Locator Tool 1
3D Plane Measurement Tool 1

¢ Offset data Calculation Tool v v
i & |
t

Reference Data

Ref. Pos. Status Set Sel
Reference XYZ mm
Reference WPR 55.1 °

Time to Find  27ms [ x ] v |z ] w ] p | R [ ModeilD | Score | _Sort_|
1 24.0 -10.6 -40.9 1.4 55.1 -0.0

1 100.0 1.0

Found 1
Discarded
Num.

0

LA

G|

PLAYBACK

)
LHJ

SNAP+FIND

CONT S+F END EDIT

1 Click [SNAP+FIND] to find the part.
2 Check that the part has been found correctly, and click the [Set] button of [Ref. Pos. Status].
3 Click [SAVE] and then [END EDIT].
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3.1.5 Editing TP Program

Edit the TP program for 3D tool offset system with a 3DV Sensor.
This system has a pre-installed sample program. This section explains how to create a program for
transporting a part while actually performing 3D tool offset based on this sample program.

Copying the sample program
1 Select [V_3DV_TOOL] and click [COPY] on the program list screen.

TP Programs 690588 bytes free 5/5
No. Program name Comment
1 —-BCEKEDT- [ 1
2 CMT 3DV_BP [Comment R & PR ]
3 V_3DV _BP [Bin Pick 1
4 Y 3DV _FIXED [Fixed Frame Ofs.]

’ COPY DETAIL LOAD SAVE AS PRINT

2 Edit the program name and click [OK].

Editing the program

1 Open the copied program and teach the following positions.

Positions

P[1: Home]

Home position. The robot’s waiting position and posture when it is not doing
anything.

P[2: Search]

The detection position. The robot’s position and posture when the sensor has
found the part.

P[3: Place Approach]

The approach position when placing the part.

P[4: Place]

The part placement position. It is the position at which the part is actually
placed (released).

P[5: Place Retract]

The place retraction position. It is a relay point when moving from the
placement position to the home position.
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O

— e
DB W N =

: UTOOL_NUM=1
: JP[1:Home] 100% FINE
. R[1]=0

_.
=

. VISION GET_OFFSET 'V_3DV_SAMPLE'

16:
17:
18:

19:
20:
21:
22:
23:

24:
25:
26:
27:
28:
29:
30:

: !The register number and

. Iposition register number below

: Ishould be changed and commented
: las necessary.

: UFRAME NUM=1

: ISEARCH

J P[2:Search] 50% FINE
WAIT (R[1])

: VISION RUN_FIND 'V_3DV_SAMPLE‘/

Specify the tool frame number set in
“3.1.3 Tool Frame Setting.”

Execute measurement.

VR[1]JMP LBL[100]

IPLACE

L P[3:Place Approach] 2000mm/sec CNT100
VOFFSET,VR[1] Offset,PR[1]

L P[4:Place] 500mm/sec FINE VOFFSET,VR[1]

Get offset data of the measurement
result.

lInsert program instruction

Ito release the part

CALL ...

L P[5:Place Retract] 2000mm/sec CNT100
VOFFSET,VR[1] Offset,PR[1]

JMP LBL[999]

IERROR
LBL[100]
R[1]=1

LBL[999]

Execute tool offset and the process to
place the part.

2 Specify the instruction to release the part after the P[4] motion instruction using the CALL instruction.

B-83914EN-3/04
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3.1.6 Checking Robot Offset Operation

Check that a part gripped by the robot can be detected and placed precisely.
Start with lower override of the robot to check that the logic of the program and the motion of the robot are
correct. Next, increase the override and keep the robot running continuously to check that it works properly.

e  Grasp the part on the reference position, find it and check the handling accuracy. If the handling
accuracy is low, retry the reference position setting.

e  Move the part in the X direction or Y direction without rotation and find it while gripping it to check
the handling accuracy.

e  Rotate the part and find it while gripping it to check the handling accuracy. If the part near the reference
position can be handled accurately but the accuracy decreases as the part rotates and is grasped, the
settings of the calibration grid and of the frame used for offset may not have been performed accurately.
If you set the frame with a pointer tool, check the accuracy of touch-up and retry calibrating the 3DV
Sensor.

e  Change the distance from the camera to the part and find it while gripping it to check the handling
accuracy.

e  Tilt the part and find it while gripping it to check the handling accuracy.

#Memo
Depending on the shape of the part and the gripper, it may not be possible to
grip the part in the states described above. If this is the case, the check is not
required.
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3.2 3D MULTI-VIEW TOOL OFFSET SYSTEM USING A FIXED
CAMERA

When 3D tool offset is used with a large part that does not fit within the 3DV Sensor’s field of view, this
function can be used to perform fixed frame offset with a greater accuracy than measuring one location.
This section explains the setup procedures of the 3D tool offset system using one fixed camera to measure
multiple locations.

#Memo
With this system, measurement is performed at multiple measurement points.
The offset precision is improved by selecting measurement points that are as far
apart as possible. If possible, measuring with multiple cameras is preferable.

3DV Sensor

Gripper TCP
—UTOOL[1]

--_,-—

Example of a 3D multi-view tool offset system configuration

3.2.1 Installation and Connection of 3DV Sensor

Installation of the 3DV Sensor
Install the 3DV Sensor on the camera mount.

Connecting the 3DV Sensor

Connect the 3DV Sensor to a robot controller.

Checking the connection of the 3DV Sensor
Open Vision Devices and check that the 3DV Sensor is connected according to the following procedure.
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iRVision - Vision Devices

i M 1: 3DV/400 with LED light

Channel 1

Type 3DV/400 with LED light
Serial Number Virtual

Version Virtual

Camera Parameters

Image Size 950x1104 pix

Focal Distance 12.700 mm

Lens Distortion 0.000000 mm

Vertical Spacing 5.300 pm

Aspect Ratio 1.00000

Image Center 475.00%605.00
Exposure Time Range 0.100 - 200.000 ms
Sensor Check

Update
e

sor 23.000 deg C

24.000 deg C

22250 dan O

BRIGHT

1 On the ROBOT Homepage, select [iRVision] — [Vision Devices], and select the connected 3DV
Sensor on the Vision Devices screen.

2 Click [LIVE] and check that continuously snapped images are displayed.

3.2.2 Creating and Setting up 3DV Sensor Data

To use the 3DV Sensor, the 3DV Sensor must be set using a calibration grid.

Set the mounting position of the fixed camera according to the procedures described in “Know-How: 2.2
3DV SENSOR MOUNTING POSITION SETUP WITH FIXED CAMERA.”

This system has pre-installed sample 3DV Sensor Data. It is convenient to change the settings as necessary

based on the sample. This chapter explains the operations assuming that the sample 3DV Sensor Data will
be used.

3.2.3 Tool Frame Setting

Set a tool frame in the center of the end of the gripper claw or the pad to grasp a part. This frame is useful
for correcting the motion of the robot to accurately place a grasped part at the fixed position.

The Z-axis of this frame should be set along the direction of the gripper holding the part. The positive
direction of the Z-axis should be reversed compared to the direction in which the gripper approaches a part.
Therefore, change the direction to W=180 by the direct list method immediately after teaching a TCP.
Here, set the TCP of the gripper to UTOOL [1] referring to the figure ‘Example of a 3D multi-view tool

offset system configuration’ at the beginning of this section. For how to set up the tool frame, refer to
“Know-How: 1 FRAME SETTING.”
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3.2.4 Creating and Setting up Vision Process

Create and set up a new “3DV Multi-View Vision Process” program.

3.2.4.1 Creating a new vision process

Create a vision process with the following procedure.

iRVision Vision Setup

Comment Created Modified

Camera Data (1)

M v_3DV_CAM Sample 3DV Sensor Data 3DV Sensor 17-DEC-2019 11:28:26 30-JUL-2021 11:09:46

Vision Process Tools (1)

E V_3DV_SAMPLE Sample Vision Process for 3DV Sensor 3DV Single-View Vis. Proc 17-DEC-2019 11:29:36 30-JUL-2021 11:10:12 1340

1 Click [CREATE].
A pop-up is displayed for creating new vision data.

iRVision Vision Setup

Create new vision data

T The name must start with a letter, contain no spaces, not contain the characters \\/:=?

—
3 Name* \"<> |-, and be 34 characters or less

Comment |

Type ‘ E 3DV Multi-View Vision Process

W Camera Data 3DV Multi-View Vision Process is a vision process to detect 3D
position of a workpiece by measuring 3 or 4 places on the
) 2D camera workpiece with 3DV Sensor and to calculate a vision offset for
robot handling motion.
M 3DV Sensor This vision process is suited for offsetting a position of a large
o workpiece accurately.
W Vision Process Tools B
WakobodcyidancellspviSensor) 1. Robot-Mounted 3DV Sensor + Fixed Frame Offset
® 3DV Single-View Vis. Proc The robot-mounted 3DV Sensor detects the positions of a
workpiece, and the robot picks up it based on the detected
3DV Stitching Vision Process result.
- . Fixed 3DV Sensor + Tool Offset
2 DV Multi-View Vision Process A position of a workpiece relative to the gripper held by
. the robot is measured by the fixed 3DV Sensor. The robot
V7 ekl GuikEnes (1D Cemes) then offsets its motion so that it can place the workpiece
¥ 2D single-View Vision Process on the fixed position properly.

== 2-D Multi-View Vision Process

. Depalletizing Vision Process
v

CANCEL

2 Select [3DV Multi-View Vision Process].
3 Enter a program name in [Name].
Give the program a unique name.
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4 Click [OK].
A new program is created.

iRVision Vision Setup

Comment Created Modified
Camera Data (1)
EVJDLCAM Sample 3DV Sensor Data 3DV Sensor 17-DEC-2019 11:28:26  30-JUL-2021 11:09:46 8161

Vision Process Tools (2)
22 v_3pv_MuLTI 3DV Multi-View Vision Process  30-JUL-2021 11:20:42  30-JUL-2021 11:20:42
30-JUL-2021 11:10:12 1340

E V_3DV_SAMPLE Sample Vision Process for 3DV Sensor 3DV Single-View Vis. Proc 17-DEC-2019 11:29:36

5  Click [EDIT].
The vision process setup screen appears.

3.2.4.2 Setting parameters of vision process

sion Vision Setup - V_3DV_MULTI
Pg &

100% K2 =l & W
RS o v o pocess -
VE camera View 1 [
snap Tool 1 [
Depth Snap Tool 1 [
ESD Data Generator Tool 1
¥ 8% GPM Locator Tool 1 [l
3D Plane Measurement Tool 1 [l
- &
lApplication Tool Offset. [ Hm———
Robot Holding Part Group |1 [
Offset Frame UT 1: Eoat1 —— )

Image Logging Mode £ Log Failed Images [E

v

Combine Error mm [ # [ camvViewName [ X [ v ] z ] w [PJ]R] ModellD [ Score | _leanAngle |

[Time to Find ms

&y LK o | =

SNAP+FIND CONT S+F END EDIT

1 Select [Tool Offset] from the [Application] drop-down box.
Select [1] from the [Offset Frame] drop-down box.
Offset frame is the tool frame used for calculation of offset.
Select the tool frame number set in “Setup: 3.2.3 Tool Frame Setting.”
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#Memo

If you click EEN to switch to advanced mode, you can enable/disable [Camera
Base Find]. If you select the [Camera Base Find] check box, the part is detected
based on the 3DV Sensor’s frame.

Also, with “3DV Multi-View Vision Process”, multiple camera views must be set
up. If [Camera Base Find] is enabled, the detection position of all camera views
is the position based on the 3DV Sensor’s frame.

3.2.4.3 Determining the measurement point for each camera view

In the following procedures, the measurement points for the camera views will be set up. Before the setup,
you must first roughly determine which parts of the work to measure.

Determine the measurement points with the camera views arranged as follows.

The camera views are separated as much as possible.

The camera views are not all arranged in a straight line.

Each camera view can measure a different measurement surface to the extent possible.

Measurement surfaces are set in “Setup: 3.2.4.9 Setting up 3D Plane Measurement Tool”, but setting
different planes for each camera view is preferable.

Each camera view includes model features and a wide plane.

Model features are taught in “Setup: 3.2.4.8 Teaching GPM Locator Tool”, and wide planes are set as
measurement surfaces in “Setup: 3.2.4.9 Setting up 3D Plane Measurement Tool.” Accuracy is
improved by setting measurement points in a way that both of these fit in the camera view.

In this section, the camera views are set up with the measurement points near the red circles in the figure
below. The numbers indicate the camera view numbers.

Determining the measurement points
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3.2.4.4 Setting up Camera View 1

Set up the 3DV Sensor to use for Camera View 1.

Setting parameters

iRVision Vision Setup - V_3DV_MULTI
ENEFE ) 100% EINB=AICH A A
v E 3DV Multi-View Vision Process ~
B o e ]
{=} Snap Tool 1
i} Depth Snap Tool 1
E 3D Data Generator Tool 1
¥ -9 GPM Locator Tool 1 [
3D Plane Measurement Tool 1 [l M
=N
- 3DV Sensor V_3DV_CAM [ |
Display Image Snap Tool 1 [ —— 3
Image Display Mode 2D Image + Result &
g x [ v [ z [ w [ P [ R [ MdeiiD [ Score [ ____leanAnge |
Found 0

o oy ) L ) | | =

SNAP FIND SNAP-+FIND CONT S+F PLAYBACK END EDIT

Select [V_3DV_CAM] from the [3DV Sensor] drop-down box.
When you select [3DV Sensor], the following message appears. Here, click [OK] to use the same
camera data in other camera views.

N —

iRVision Vision Setup - V_3DV_MULTI

Is selected 3DV Sensor used in all camera views?
Click OK to set the 3DV Sensor in all camera views.
Click CANCEL to set the 3DV Sensor in only selected camera view.

W

Select [Snap Tool 1] from the [Display Image] drop-down box.
4 Jog the robot so that the feature on the part that you want to measure with Camera View 1 is near the
center of the 3DV Sensor’s field of view to determine the detection position.
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#Memo
Once the detection position is determined, it is convenient to store the position in
a position register.
For details about setting up the position registers and an example TP program,
refer to “Setup: 3.2.5 Creating and Teaching a TP Program.”

3.2.4.5 Teaching Snap Tool

Set parameters for snapping 2D images.

Select [Snap Tool 1] in the tree view to open the Snap Tool teaching screen. In most cases, you can use the
initial settings for the sample as they are. However, if the image is too dark or bright, adjust [Exposure
Time] or select [HDR] in [Exposure Mode].

For details on the snap tool, refer to “iRVision OPERATOR’S MANUAL (Reference) B-83914EN.”

iRVision Vision Setup - V_3DV_MULTI

ENEI P EAYE 100% 2 =W Sl o v
v B 3DV Multi-View Vision Process ~
v E Camera View 1

Depth Snap Tool 1
E 3D Data Generator Tool 1
v GPM Locator Tool 1 [l
™ 30 Plane Measurement Tool 1 [

- Snap Window Full Window Set

Resolution Reduction ® 2x [

Image Size 475552 pix

Exposure Mode Fixed [

Exposure Time i ms
Multi Exposures 1K ,

LED Type None 52

Image Display Mode  Snapped Image [E2l

v

[Time to Find: 276 ms

GO} 2 I = I

LIVE SNAP PLAYBACK SAVE END EDIT

~Memo

1 If the image is still too dark even when the exposure time is set to the maximum
(200 ms), change [LED Type] to [3DV Sensor] and then adjust the “Exposure
Time.”

2 The [HDR] option of [Exposure Mode] combines images snapped at multiple
exposure times, automatically selected according to the surrounding brightness,
into a single image with a wide dynamic range.
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3.2.4.6 Teaching Depth Snap Tool

Select [Depth Snap Tool 1] in the tree view, and then set each item.

Setting parameters

iRVision Vision Setup - V_3DV_MULTI

BRI rFAEAr 100% K2 =N = Sl B

¥ [ 3DV Multi-View Vision Process A
v E Camera View 1

mm

Snap Tool 1

{®] Depth Snap Tool 1 ¥

[ 30 Data Generator Tool 1

¥ §+%4 GPM Locator Tool 1 [
™ 30 Plane Measurement Tool 1l Y|

Snap Window Full Window
Snap Mode Multi(normal) [E21 )
Exposure Time 141.421| ms
Projector Intensity 34 v o )
[, 600.00] - | 1300.00

N ey e oy

[Time to Find: 530 ms

. " x 2 N G

PLAYBACK END EDIT

Click [SNAP].

Adjust the parameters so that measurement omission (black area) is removed from the part to be
measured.

For details on each parameter, refer to “iRVision OPERATOR’S MANUAL (Reference) B-83914EN.”

N —

~Memo
Because of its structure, the 3DV Sensor cannot measure the depth at the right
edge of the sensor’s field of view. For this reason, the right edge of the sensor’s
field of view may remain a black area. For details, refer to “Setup: 2.4 3DV
Sensor” in “iRVision OPERATOR’S MANUAL (Reference) B-83914EN.”
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3.2.4.7 Setting parameters of 3D Data Generator Tool

Select [3D Data Generator Tool 1] in the tree view, and then set each item.

Setting parameters

iRVision Vision Setup - V_3DV_MULTI
ENEAF VAL 1 100 KANNEN NI I
v B 3DV Multi-View Vision Process A
v E Camera View 1
(-} snap Tool 1
H.} Depth Snap Tool 1
v . GPM Locator Tool 1 [l
3D Plane Measurement Tool 1 [l

& & |
v DownSample Ratio 2K

Image Display Mode 2D Image [

Part Condition 0On Table [ r———

v

Table RM.
Enable O 2
Filtering
Enable Il
Normal Calculation
Enable Il
fime to Find  ms

-} L H E)) | " =

SNAP+FIND CONT S+F PLAYBACK END EDIT

1 Select [On Table] from the [Part Condition] drop-down box.
2 Uncheck the checkbox of [Enable] in [Table RM.].

Running a test
Check that the 3D points required for part detection have been detected correctly.

iRVision Vision Setup - V_3DV_MULTI

100% K2 =l BED = 2 RN
¥ [ 3DV Multi-View Vision Process [ ~
v E Camera View 1
(.} Snap Tool 1
L.} Depth Snap Tool 1
v GPM Locator Tool 1 [l
3D Plane Measurement Tool 1 [l

& =

v

D — v DownSample Ratio Pl v ]
Image Display Mode 2D Image + Result [l
Part Condition on Table [§2
Table RM.
Enable Il
Filtering
Enable Il
Normal Calculation
Enable )

25916 0 25916

1 : L] - ]| M B

SNAP+FIND CONT S+F PLAYBACK END EDIT
\ —

Click [SNAP+FIND]. An image is snapped and detection is performed.
Check that only necessary 3D points have been found and are shown in light blue.

N —
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#Memo
If many 3D points other than the part are found, it may be improved by checking
the [Enable] checkbox in [Table RM.] and adjusting the table height.
If [Table RM.] is enabled, the removed 3D point cloud will be displayed in red.
Check that the areas other than the part are displayed in red.

3.2.4.8 Teaching GPM Locator Tool

Set parameters for 2D measurement (detection of 2D features).
Select [GPM Locator Tool 1] in the tree view, and then set each item.

Setting parameters

iRVision Vision Setup - V_3DV_MULTI

ENIrIEIVa oo NCAICRIEA PN RN
¥ [ 30V Multi-View Vision Process N
v E Camera View 1
Snap Tool 1
Depth Snap Tool 1
E 3D Data Generator Tool 1
-
3D Plane Measurement Tool 1 [l M
L3 4
- Input Image 9 Snap Tool 1 B -~
EEEl—2
| —
=
ITraining Stability Lloc. G Ang.G Sca. G
Training Mask Enable VI
Emphasis Area ) Enbi -
Learning Enable v
Model Origin Bias$) __ None | set |
Found 0 |_Row() [ Column(H) [ Score [ Contrast [ FitError ]| Angle [ Scale | Aspect | Skew |

IAlmost Found 0
[Time to Find 0 ms
Show Almost Found

Mew!
I - LI =0 6

SNAP+FIND CONT S+F PLAYBACK )| END EDIT

DOF Enable Nom. Min. Max.
AQuentation /] I T T
Scale ¥ % 90.0 110.0, % 5

1 Click [SNAP] to snap an image.
Click the [Teach] button to teach the model.
The GPM Locator Tool model setup screen appears. Teach 2D features used for position detection.
Select features of the model on the same plane to reduce the effects of changes in shape due to parallax.
For features that do not need to be included in the model, [Training Mask] can be set to exclude them
from the teach model. For details on teaching 2D features, refer to “iRVision OPERATOR’S
MANUAL (Reference) B-83914EN.”
In the above example, a portion of the robot is snapped, so you can set up a mask to exclude the robot
portion.

3 Check that the pattern that you want to use as the model has been plotted with a green line and that
the model origin (green cross) is on the same plane as pattern.
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#Memo
If the model origin is not on the same plane as the pattern, click the [Set Org.]
button and move the model origin onto the same plane as the pattern.

4 Click EEN to switch to advanced mode.
5 Check the checkboxes of [Scale] and [Aspect] in [DOF].

#*Memo
Change the [Min.] and [Max.] settings for [Orientation], [Scale], and [Aspect] in
[DOF] as necessary. If the distance between the camera and the part varies
widely, consider expanding the [Scale] search range setting. If the tilt between
the camera and the part varies widely, consider expanding the [Aspect] search
range setting. Also, if misdetection of the part seems to increase, consider
decreasing the search range parameters. For details, refer to “/RVision
OPERATOR’S MANUAL (Reference) B-83914EN.”

6  Click [SAVE].

Running a test

iRVision Vision Setup - V_3DV_MULTI

ENEPAEAVE 100v EANN=R ORI A IFENIEN -
v @ 3DV Multi-View Vision Process A
v E Camera View 1

Snap Tool 1
Depth Snap Tool 1
ﬂ 3D Data Generator Tool 1

A B GPM Locator Tool 1 v
3D Plane Measurement Tool 1 [l M
Input Image Snap Tool 1 B -

~c )
Found 1 [ _Scale | Aspect [ Skew )

|JAlmost Found 0 1 397.2 284.5 100.0 151.9 0.000 -0.0 100.0 100.0 -14.8
[Time to Find 102 ms 3
[Show Almost Found

M)
LHJ

SNAP+FIND

LA

CONT S+F

LIVE SNAP FIND PLAYBACK END EDIT

1 Check [Training Stability].
This item provides a guideline indicating whether the position, angle and size are detected correctly
in [Training Stability]. Evaluations are indicated with [G] (good), [P] (poor) and [N] (none). [N]
indicates that stable detection of the model may be impossible.
In such a case, change the model, or uncheck [Enable] for the parameter in question in [DOF].

2 Click [SNAP+FIND].
An image is snapped and detection is performed.

3 Check measurement results.
Check that the same pattern as the model has been plotted with a green line. Then, check the score,
contrast, and other results of the detected model on the test result display area. If the score and contrast
values are higher than the set thresholds by at least 10 points, there is no problem.
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+Memo
Adjust parameters of the GPM Locator Tool if there is a problem. Some
parameters are displayed only in the advanced mode. For this reason, switch the
mode as necessary. For details, refer to “/RVision OPERATOR’S MANUAL
(Reference) B-83914EN.”

3.2.4.9 Setting up 3D Plane Measurement Tool

Set parameters for detecting the plane near the 2D feature position detected with the GPM Locator Tool
from 3D points. Select [3D Plane Measurement Tool 1] in the tree view, and then set each item.

Setting parameters

iRVision Vision Setup - V_3DV_MULTI

EN P EAVAL ) 100% K2 =W N i |
I =
[E3] snap Tool 1[4 "

Depth Snap Tool 1
ﬂ 3D Data Generator Tool 1

v GPM Locator Tool 1

Input 3D Data 3D Data Generator Tool 1 [[jmmmmm— ]

(400,286) 542x810 [ m— 2

Window Mask £ Enable (]
2D-3D Gap mm

Min Num. Valid Points®  100|

Fit Error Threshold £ mm

Fix Normal Direction @ [ ]

Plot Mode Plot Everything [ lme—
[Time to Find  ms Num. Valid Points

Num. Points

o) o ) LA =) |

LIVE SNAP FIND SNAP+FIND CONT S+F PLAYBACK

END EDIT
\—

1 Select [3D Data Generator Tool 1] for [Input 3D data].

Click the [Set] button.

The green lines shown in the image are the model and the area taught with pattern matching, and the
area inside the red frame is the plane measurement area. When the measurement area is taught at first,
the red frame will be shown overlapping the green frame, but this can be changed. For details on
teaching plane measurement, refer to “/RVision OPERATOR’S MANUAL (Reference) B-83914EN.”
Once the measurement area has been taught, a thumbnail of the image used for teaching appears, and
the position and size of the area appear.

#Memo
If the model origin for the GPM Locator Tool is not in the plane you want to
measure, change [2D-3D Gap]. If the model origin is above the Z direction as
seen from the plane you want to measure, specify a positive value for this
setting. For details, refer to “IRVision OPERATOR’'S MANUAL (Reference) B-
83914EN.”

3 Change [Plot Mode] to [Plot Everything].
4  Click [SAVE].
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/\ CAUTION
Before setting the 3D Plane Measurement Tool, complete the setting of the GPM
Locator Tool. Also, the measurement area must be taught again if the model of
the GPM Locator Tool is changed.

Running a test
Check whether the taught area is appropriate. If necessary, adjust parameters to enable stable detection.

iRVision Vision Setup - V_3DV_MULTI

ENE PN -1 100% K2 =N N
_— =
SnapTooIl A

Depth Snap Tool 1
ﬂ 3D Data Generator Tool 1
v GPM Locator Tool 1

& 3D Plane Measurement Tool 1 ¥ v

Input 3D Data 3D Data Generator Tool 1 n
D — -

(400,286) 542x810 Set

Window Mask £ Enable [

20-20 Gap mm

Min Num. Valid Points®  100|
Fit Error Threshold mm

Fix Normal Direction® [ ]

Plot Mode Plot Everything [ ———3
MimetoFind 4 ms Num. Valid Points

Num. Points 23085 1 -71.40  -4.75 -820.81 -0.000 0.000 1.000 21953 0.0

) o 0 m L= | 4

SNAP+FIND CONT S+F PLAYBACK SAVE

1 Click [SNAP+FIND].
An image is snapped and detection is performed.
2 Check that a light blue plot is displayed on the surface of the part that you want to measure.

#Memo

1 Adjust parameters of the 3D Plane Measurement Tool if there is a problem. For
example, if a light blue plot is displayed on a surface other than the one that you
want to measure, teach [Window Mask]. Also, some parameters are displayed
only in advanced mode. For this reason, switch the mode as necessary. For
details, refer to “/RVision OPERATOR’S MANUAL (Reference) B-83914EN.”

2 Change the measurement area to match the shape of the part.

3 Ifthere is no problem with the test run, change the option for [Plot Mode] to [Plot Measurement Area].
4  Click [SAVE].
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3.2.4.10 Running a test for Camera View 1

After setting all child tools for Camera View 1, select [Camera View 1] in the tree view, and then perform
a test run to check whether detection with Camera View 1 is performed correctly.

iRVision Vision Setup - V_3DV_MULTI
ENE P VAL ] 1002 EINNERNE I Bl
v @ 3DV Multi-View Vision Process A
- G
Snap Tool 1
Depth Snap Tool 1
E 3D Data Generator Tool 1
v GPM Locator Tool 1
3D Plane Measurement Tool 1 v

3DV Sensor V_3DV_CAM
Display Image Snap Tool 1
Image Display Mode 2D Image + Result [i

ST x v [z [ w [ P [ R ] Model 1D Lean Angle
27.0 -820.8 -0.0 -0.0 -0.0 1 100.0

Found 1 1115

[y o
3 - "0 () =
SNAP+FIND CONT S+F PLAYBACK END EDIT

1 Click [SNAP+FIND].
An image is snapped and detection is performed.

2 Check whether detection was successful.
If the features you want to detect on the screen are plotted with a green line, detection completed
without problems.

/\ CAUTION
From here on, do not move the part until teaching for the robot operation while
holding the part at the reference position with the TP program for tool offset is
finished.

#Memo

1 The reference position in “3DV Multi-View Vision Process” in “Setup: 3.2.4.12
Setting reference position” is set using the detection results from the camera
views. Therefore, if detection with the camera view is not successful, vision
process setup is not complete.
If detection with the camera view is unsuccessful, review the parameters for the
child tools, and check whether detection is performed correctly again.

2 The value for [Lean Angle] is not displayed in the result display area at this
stage. It will be displayed after the reference position is set in “Setup: 3.2.4.12
Setting reference position.”
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3.2.4.11 Setting up Camera Views 2 to 4

After setting up Camera View 1, set up Camera Views 2 to 4 using the same procedures.

The procedures are the same, but it is recommended that you move the robot and change the measurement
position for each camera view. This is because the accuracy of the offset motion is improved by separating
the part teaching positions as much as possible for each camera view.

#Memo

1 When storing the camera view detection position in a position register, it is
convenient to store each camera view’s position in a different position register. If
you are creating a TP program based on the example in “Setup: 3.2.5 Creating
and Teaching a TP Program”, set up the position registers based on the setting
example too.

2 In the initial state, four camera views are available on the assumption that four
points will be measured, but if it is impractical to measure four points, you can
delete one of the camera views. However, Camera View 1 cannot be deleted.

3 When setting up Camera Views 2 to 4, snap after you have moved the robot to
each of the measurement positions. Be careful not to continue setup with the
same image snapped from another camera view.

3.2.4.12 Setting reference position

Here, place a part on a reference position, run a test and set the detection result as the reference position
XYZWPR.

When the vision process is performed after the setting, the vision process calculates the offset data by
comparing the actual position where the part is detected against the reference position.

Select [Offset data Calculation Tool] in the tree view, and then set each item.

iRVision Vision Setup - V_3DV_MULTI
S e e s0% K = =57 =0
v B 3DV Multi-View Vision Process
> [¢] camera view 1
> E Camera View 2
» [¢] camera view 3
> E Camera View 4

4% Offset data Calculation Tool v
1 @ |

Reference Data
Ref. Pos. Status st [ =)
Reference X 27.045 mm
Reference Y 111.484 mm
Reference Z -820.812 mm
Reference W -0.000 ©
Reference P -0.000 °
Reference R -0.000 ©

. | camViewName [ X [ v | 2z [ WP [R] ModeliD [ Score | _leanAngle ]
[Time to Find 490ms 1 Camera View 1 27.0 111.5 -820.8 -0.0 -0.0 -0.0 1 100.0
2 Camera View 2 28.3 -58.6 -820.8 -0.0 -0.0 0.0 1 100.0
3 Camera View 3 -79.7 109.9 -820.8 0.0 0.0 -0.0 1 100.0
4 Camera View 4 -75.8 -55.8 -820.8 -0.0 0.0 0.0 1 100.0

) L H | &

SNAP+FIND CONT S+F END EDIT

1 Click [FIND] to detect the part.
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Setup

/\ CAUTION

again.

Do not click [SNAP] or [SNAP+FIND] at this point. If you make a snap, the snap
images of all camera views will be reacquired at the current position, and the
reference position will not be set correctly.

If you mistakenly click [SNAP] or [SNAP+FIND], move the robot to each camera
view’s measurement position, and repeat the test run for each camera view

2 Check that the part has been found correctly, and click the [Set] button of [Ref. Pos. Status].
3 Click [SAVE] and then [END EDIT].

3.2.5 Creating and Teaching a TP Program

Create a TP program for the 3D tool offset system by measuring multiple points using the 3DV Sensor.
Below is an example TP program and an explanation of the position registers.

Position registers

PR [1: Home]

Home position. The robot’s waiting position and posture when it is not doing
any work.

PR [2: Searchl]

The detection position. The robot’s position and posture when the sensor has
found the part in Camera View 1.

PR [3: Search2]

The detection position. The robot’s position and posture when the sensor has
found the part in Camera View 2.

PR [4: Search3]

The detection position. The robot’s position and posture when the sensor has
found the part in Camera View 3.

PR [5: Search4]

The detection position. The robot’s position and posture when the sensor has
found the part in Camera View 4.

PR [9: Place Approach]

The placement approach position.

PR [10: Place]

The placement position.

PR [11: Place Retract]

The place retraction position. It can be the same position and posture as
PR[9].

92

B-83914EN-3/04




Setup 3.3D TOOL OFFSET SYSTEM

J PR[2:Serach1] 100% FINE Wait for robot-vibration to reduce.

WAIT .30(sec)
VISION RUN_FIND 'V_3DV_MULTI' CAMERA_VIEW[1]
: VISION GET NFOUND 'V _3DV_MULTI' R[14] CAMERA VIEW[1]
: IF R[14]<1,JMP LBL[999] Get the number of found for Camera View 1.
: ISEARCH 2 \ Jump to the last row when not found for
: JPR[3:Serach2] 100% FINE Camera View 1.
: WAIT .30(sec)
: VISION RUN_FIND 'V_3DV_MULTI' CAMERA VIEW[2]

: VISION GET NFOUND 'V_3DV_MULTI' R[14] CAMERA VIEW[2]
: IF R[14]<1,JMP LBL[999]

1: UFRAMEZ NUM=1 Specify the tool frame number set in “3.2.3
2 UTOOE NUMS Tool Frame Setting.”

3: J PR[1:Home] 30% FINE

4:

5. LBL[10]

6: !SEARCH 1

7:

8

Execute measurement of Camera View 1.

—_
S 2 &

—_
—_—

—_
N

[
o

B = = —
SO W

: ISEARCH 3

: J PR[4:Serach3] 100% FINE

: WAIT .30(sec)

: VISION RUN_FIND'V_3DV_MULTI' CAMERA_VIEW/[3]

: VISION GET NFOUND'V_3DV_MULTI' R[14] CAMERA VIEW][3]
: IF R[14]<1,JMP LBL[999]

NSRS I NS ST NS S 2 S

: ISEARCH 4

: J PR[5:Serach4] 100% FINE

: WAIT .30(sec)

: VISION RUN_FIND 'V_3DV_MULTI' CAMERA_VIEW[4]

: VISION GET NFOUND 'V _3DV_MULTI' R[14] CAMERA VIEW[4]
: IF R[14]<1,JMP LBL[999]

WL W WN N
W~ SO ®

w
~

: |\GET OFFSET DATA

: VISION GET_OFFSET 'V_3DV_MULTI' VR[1] JMP LBL[999 Jmmmme_ Get the offset data in the measurement

results (jump to the last row when failed to

© IPLACE gev).
: L PR[9:Place Approach] 800mm/sec CNT100 VOFFSET,VR[1]
: L PR[10:Place] 200mm/sec FINE VOFFSET,VR| ] | s

: !Insert program instruction to release the part Move to the part placement position.
: CALL ...

: L PR[11:Place Retract] 800mm/sec CNT100 VOFFSET,VR[1]
: JMP LBL[10]

wW W W

W W
\O oo

5
S

P

: IERROR
: LBL[999]

S
(o)}

#Memo
For the CALL command on line 41, specify the command to release the part.
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3.

2.6 Checking Robot Offset Operation

Check that a part gripped by the robot can be detected and placed precisely.

The detection results and offset data acquisition results from the vision command can be checked on the
vision runtime screen. For details about the vision runtime screen, refer to “;RVision OPERATOR’S
MANUAL (Reference) B-83914EN.”

Start with lower override of the robot to check that the logic of the program and the motion of the robot are
correct. Next, increase the override and keep the robot running continuously to check that it works properly.

#Memo
Here, you need to move the part to check the operation. Move the part so that
the part features taught for each camera view are within the field of view for each
camera view, and then check operation.

e  Grasp the part on the reference position, find it and check the handling accuracy. If the handling
accuracy is low, retry the reference position setting.

e  Move the part in the X direction or Y direction without rotation, find it and check the handling
accuracy.

e  Rotate the part, find it and check the handling accuracy. If the part near the reference position can be
handled accurately but the accuracy decreases as the part rotates, the settings of the calibration grid
and of the frame used for offset may not have been performed accurately. If you set the frame with a
pointer tool, check the accuracy of touch-up and retry calibrating the 3DV Sensor.

e  Change the distance from the camera to the part and find it while gripping it to check the handling
accuracy.

e  Tilt the part and find it while gripping it to check the handling accuracy.

#Memo
Depending on the shape of the part and the gripper, it may not be possible to
grip the part in the states described above. If this is the case, the check is not
required.
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4  BINPICKING SYSTEM

This chapter explains the setup procedure of the Bin Picking system using a fixed camera in the figure
below as an example.

~Memo
This chapter describes the screens and operations in the simple mode unless
otherwise noted. For details on the Simple Mode and Advanced Mode, refer to
the “/RVision OPERATOR’S MANUAL (Reference) B-83914EN.”

[~ SEARCH
— 3DV Single-View Vision Process

Interference Avoidance: ROBOT Data 34
— a Cylinder Shaped Tool Object 7
- -y

) ll'//

Gripper TCP

RAME — UFRAME[1]
— UTOOL[1]

Interference Avoidance: SYSTEM Data
— a Container Object

Example of Bin Picking system configuration
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4.1 INSTALLATION AND CONNECTION OF 3DV SENSOR

Installation of the 3DV Sensor
Install the 3DV Sensor on the camera mount.

Connecting the 3DV Sensor

Connect the 3DV Sensor to a robot controller.

Checking the connection of the 3DV Sensor
Open Vision Devices and check that the 3DV Sensor is connected according to the following procedure.

iRVision - Vision Devices

1 "M 1: 3DV/400 with LED light

Channel 1

Type 3DV/400 with LED light
Serial Number Virtual

Version Virtual

Camera Parameters

Image Size 950%1104 pix
Focal Distance 12.700 mm

Lens Distortion 0.000000 mm
Vertical Spacing 5.300 pm

Aspect Ratio 1.00000

Image Center 605.00x475.00
Exposure Time Range 0.100 - 200.000 ms
Sensor Check

Temperature of Sensor 23.000 deg C
Temperature of
Projector

24.000 deg C

22950 den €

BRIGHT

1 On the ROBOT Homepage, select [iRVision] —[Vision Devices], and select the connected 3DV
Sensor on the Vision Devices screen.

2 Click [LIVE] and check that continuously snapped images are displayed.
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4.2 USER FRAME SETTING

Set the user frame that becomes the reference frame for an offset calculation and interference avoidance
calculation. Set it on the upper opening of the container as shown in the figure below. For how to set up the
user frame, refer to “Know-How: 1 FRAME SETTING.”

Z

OIS

b

Example of user frame setup

Here, set the user frame to UFRAME [1] as described in the figure ‘Example of Bin Picking system
configuration’ at the beginning of this chapter.

4.3 CREATING AND SETTING UP 3DV SENSOR DATA

To use the 3DV Sensor, the 3DV Sensor must be set using a calibration grid.
Set the mounting position of the fixed camera according to the procedures described in “Know-How: 2.2
3DV SENSOR MOUNTING POSITION SETUP WITH FIXED CAMERA.”

4.4 TOOL FRAME SETTING

Set a tool frame in the center of the end of the gripper claw or the pad to pick up a part. This frame is useful
for accurately moving the TCP of the gripper to the part gripping position.

The Z-axis of this frame should be set along the direction in which the gripper approaches the part to be
picked up. The positive direction of the Z-axis should be reversed compared to the direction in which the
gripper approaches a part. Therefore, change the direction to W=180 by the direct list method immediately
after teaching a TCP.

Here, set the TCP of the gripper to UTOOL [1] referring to the figure ‘Example of Bin Picking system
configuration’ at the beginning of this chapter. For how to set up the tool frame, refer to “Know-How: 1
FRAME SETTING.”

4.5 SETUP OF INTERFERENCE AVOIDANCE DATA

Interference Avoidance data consists of Interference Setup (System) data, Interference Setup (Robot) data,
and Interference Setup (Condition) data. Set up the necessary type of Interference Avoidance data. This
system comes with pre-installed Interference Avoidance data. By editing the sample settings, you can
quickly prepare the data. For the operation of interference avoidance and description of each item, refer to
the description on interference avoidance in “/RVision Bin Picking Application OPERATOR’S MANUAL
B-83914EN-6.”
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4.5.1 Setup of Interference Setup (System) Data

Set Interference Setup (System) data for interference avoidance.

Creating Interference Setup (System) data
On the ROBOT Homepage, select [iRVision] then [Interference Avoidance Setup]. The interference
avoidance data list screen appears. Select [V_SYS] on the interference avoidance data list screen and click
[EDIT] to set Interference Setup (System) data.

Setting a container object
Set the user frame and a container object that form the basis for interference avoidance position calculation
according to the following procedures.

iRVision Interference Avoidance Setup - V_SYS

&l v sysv User Frame Number 1 K 1
IContainer ID 1 ﬂ 2
— —
(Container Pos. Origin 1000.0 -500.0 700.0] Set
Container Pos. X 2000.0 -500.0 700.0
Container Pos. Y 1000.0 500.0) 7000, 3
IContainer Depth 1000.0| mm

—
IContainer Margin(XY) 50.0/ mm
Container Margin(Z) 50.0/ mm

IContainer Offset VR 0|

B

END EDIT

1 Select UF[1] for [User Frame Number].
Select [1] for [Container ID].

3 Set the container’s position and size for [Container Pos. Origin], [Container Pos. X], [Container Pos.
Y], and [Container Depth].
Touch up each of the positions shown in the following figure with the pointer tool mounted on the
robot, and set it by clicking the relevant [Set] button.
Set the value for [Container Depth] by measuring the depth of the container in the following figure.

Container Pos. Y  Container Depth

/

J)i 1/

Z4 Y Container Pos. Origin /l
UF[1 ~ /
1, / Container Pos. X
o —

Setting up a container
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Checking via 4D Graphics

After setting up the container object, check that the settings have been made correctly on the 4D Graphics
page on the teach pendant.

On the teach pendant, select the [MENU] key, [Next], [4D GRAPHICS], then [4D Display], and select
F1[TYPE], then [4D Bin Picking IA]. In addition to the robot, the set container object is displayed in 3D
graphics.

Fault SRVO-003 Deadman switch released
10 SET_POS LINE 0 ABORTED

4D GRAPHICS Bin-Picking IA

S

[ TYPE ] SELECT ZOOM PAN ROTATE

Check that the position and size of the container are correct.

4.5.2 Setup of Interference Setup (Robot) Data

Set Interference Setup (Robot) data for interference avoidance.
On the ROBOT Homepage, select [iRVision] then [Interference Avoidance Setup]. The interference
avoidance data list screen appears.

Setup of Interference Setup (Robot) data

Select [V_ROB] on the interference avoidance data list screen and click [EDIT] to set Interference Setup
(Robot) data.

First, set a tool object according to the following procedures.
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Setting a tool object
Select [HAND] in the tree view on the Interference Setup (Robot) screen, and set a tool object according
to the following procedures.

iRVision Interference Avoidance Setup - V_ROB
A
vE{v ros® Shape Cylinder
Radius mm
Base Centert e |
Base Center2 0.0| 0.0] 200.0]
g

END EDIT

1 Set the size and positions in the following figure for [Radius], [Base Centerl], and [Base Center2].

Base Centerl

Base Center2 Radius

Checking via 4D Graphics
After setting the tool object, check that the setting has been made correctly on the 4D Graphics page on the
teach pendant.
On the teach pendant, select the [MENU] key, [Next], [4D GRAPHICS], then [4D Display], and select
FI[TYPE], then [4D Bin Picking IA]. In addition to the robot, the set tool object is displayed in 3D graphics.
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Fault SRVO-003 Deadman switch released
10 SET_POS LINE 0 :\=lel:4=] WORLD

4D GRAPHICS Bin-Picking IA

[TYPE ] SELECT PAN ROTATE

Check that the position and size of the tool object are correct.

4.5.3 Setup of Interference Setup (Condition) Data

Set Interference Setup (Condition) data for interference avoidance.

Select [V_CND] on the interference avoidance data list screen and click [EDIT] to display the Interference
Setup (Condition) data setting screen.

Set the parameters according to the following procedures.

iRVision Interference Avoidance Setup - V_CND

51 V_CND
e ———
Type Interference Avoidance n\ 1

[, L
Utool Number 1K 2
Check Mode Check Objects until Interference Check Fails [l

Distance of Avoidance 0.0 mm

Distance of Avoidance(Z) 0.0 mm

Search Pos. Inside Container |None n

lAngle Between Z-axis And Pose|  60.0] ©

Prior Position Minimum trans. [l Trained Position k@

Position from Robot Flange

@ Enable Minimum Maximum

X | 0.0 0.0 mm

v O 0.0 0.0 mm

w Y [ 300

s J 0.0 0.0 © 3
R U

X Interval Enable 10.0 mm

Y Interval Enable 10.0 mm

R Interva Enable 20.0 °

[Time Out SIS

g
1 Select [Interference Avoidance] for [Type].
2 Select Utool [1] for [Utool Number].
3 Set the range of interference avoidance.

Set the range —30 to 30 degrees in the W direction as the range in which interference can be avoided.
Change the range according to the part and the gripper.
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4.6 SETTING UP VISION PROCESS

Set up a “3DV Single-View Vision Process.”
This system has a pre-installed sample vision process. The following explains the procedure for editing the
settings based on that sample.

The Bin Picking system using a fixed camera mainly uses the following two types of detection methods:
e 3D Blob Locator Tool

e GPM Locator Tool + 3D plane measurement command tool

This section explains the settings for the former method.

4.6.1 Editing Vision Process

Select the sample vision process and open the edit screen.

1  Click [V_3DV_SAMPLE] in the [Vision Process Tools] category on the vision data list screen.

iRVision Vision Setup

Comment Created Modified
Camera Data (1)
Evfsovﬁc;\m Sample 3DV Sensor Data 3DV Sensor 17-DEC-2019 12:02:18  20-MAY-2020 10:52:50 7010
Vision Process Tools (1)

- V_3DV_SAMPLE Sample Vision Process for 3DV Sensor 3DV Single-View Vis. Proc 17-DEC-2019 12:02:42 17-DEC-2019 12:08:02

E —_
w

FILTER CopY DETAIL DELETE

2 Click [EDIT].
The vision process setup screen appears.

3 Select an unnecessary command tool from the tree view of the vision process and click the button
to delete it.
For the SEARCH Vision Process of the Bin Picking system to be set up, delete [Snap Tool 1] and
[GPM Locator Tool 1].

i} Snap Tool 1

Depth Snap Tool 1

B2 =D Data Generator Tool 1
——

¥ 15 GPM Locator Tool 1 [

E 3D Plane Measurement Tool 1 [l

Offset data Calculation Tool [l
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#NMemo

1 For the sample vision process, the Snap Tool, Depth Snap Tool, 3D Data
Generator Tool, GPM Locator Tool, 3D plane measurement command tool, and
offset data calculation tool are placed by default.

2 Deleting the GPM Locator Tool deletes the 3D plane measurement command
tool at the same time.

3 Since the offset data calculation tool cannot be deleted, leave it as unset.

4.6.2 Setting Parameters of Vision Process

iRVision Vision Setup - V_3DV_SAMPLE

EFEIVAL] 100 EINIEH|IEHIFA i

% 3DV Single-View Vis. Proc ¥

Depth Snap Tool 1
ﬂ 3D Data Generator Tool 1 [l
Offset data Calculation Tool [l

3DV Sensor V_3DV_CAM e |
lApplication Bin-Picking [ — )
Offset Frame UF |1: UFramel 3

Meas. Z Range = mm @UF 1

Image Display Mode 2D Image + Result [l
'Show Discarded O
Image Logging Mode  Log Failed Images K

Details of Running Tools

v

Pick Score Calculation

Found
Discarded
Num.

A = 0§ R = B C

SNAP+FIND CONT S+F PLAYBACK END EDIT

Select [V_3DV_CAM] from the [3DV Sensor] drop-down box.

Select [Bin-Picking] from the [Application] drop-down box.

3 Select the user frame number set as [Offset Frame] from the drop-down box.
Offset frame is the user frame used for calculation of offset.

Select the user frame number set in “Setup: 4.2 Setting User Frame.”

N =
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4.6.3 Teaching Depth Snap Tool

Select [Depth Snap Tool 1] in the tree view, and then set each item.

Setting parameters

iRVision Vision Setup - V_3DV_SAMPLE

R EIV 100% K2 s -
v E 3DV Single-View Vis. Proc [4

E 3D Data Generator Tool 1 [l
Offset data Calculation Tool [

Snap Window Full Window
I ey _ |
— ~\
Snap Mode Multi(normat) [
Exposure Time 141.421| ms
Projector Intensity 34 r— 2
600.00| - | 1300.00|

Depth Range
mm

B ey T

[Time to Find: 1173 ms

el M g

PLAYBACK END EDIT

1 Click [SNAP].
Adjust each parameter so that measurement omission (black area) will be reduced.
For details on each parameter, refer to “/RVision OPERATOR’S MANUAL (Reference) B-83914EN.”

Repeat the procedure starting from step 1 until the parameters are adjusted appropriately.

#Memo
Because of its structure, the 3DV Sensor cannot measure the depth at the right

edge of the sensor’s field of view. For this reason, the right edge of the sensor’s
field of view may remain a black area. For details, refer to “Setup: 2.4 3D
VISION SENSOR” in “/RVision OPERATOR’S MANUAL (Reference) B-

83914EN.”
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4.6.4

Setting Parameters of 3D Data Generator Tool

Select [3D Data Generator Tooll] in the tree view, and then set each item.

Setting parameters

iRVision Vision Setup - V_3DV_SAMPLE

EPEAVAL ]

- S
L} T
CONT S+F

SNAP+FIND

100% K2 =8

[ & | -5 Sl
v [l 3DV single-view Vis. Proc
Depth Snap Tool 1

% 3D Data Generator Tool 1 !

Offset data Calculation Tool [l

DownSample Ratio 2K ~
Image Display Mode 2D Image 5

In Container [ em—

Part Condition
Container Wall RM.

Enable
Container Shape mE_.— )
Vertex Index /
Container Z mm M
Time to Find  ms

el M B

PLAYBACK END EDIT

Select [In Container] from the [Part Condition] drop-down box.
Click the [Teach] button of [Container Shape].
The container shape teaching screen for [3D Data Generator Tool] appears.

Move <> displayed on a 2D image to the position of a vertex (corner) of the container rim and click

iRVision Vision Setup - V_3DV_SAMPLE

Then, the position of the vertex is set and > is displayed again. Move < to the position of the next
unset vertex of the container and click [OK].
Repeat this operation. When finished, select the position of the first vertex with .

Please set correct z of container upper face

[ 1 [ DN 3

Container Z

4 X

FINISH CANCEL
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105



4. BIN PICKING SYSTEM Setup

3 Set [Container Z] (unit: millimeters (mm)).
This value is the height of the top of the container from the XY plane of [Offset Frame].
[Container Z] is automatically calculated from the 3D points near the taught container shape.

n Setup - V_3DV_SAMPLE

¥ [ 3pv single-view vis. Proc [
HL.} Depth Snap Tool 1

. 3D Data Generator Tool 1 ¥

Offset data Calculation Tool [l

.® 3D Data Generator Tool 1 =
Image Display Mode 2D Image + Result {4 a
Part Condition In Container §2
Container Wall RM.
Enable
oo G
|Vertex Index / 4

Add

Container Z mm
Container Depth mm A e 4
57354 55312 2042

[y ]
& L sl

SNAP+FIND CONT S+F PLAYBACK END EDIT

4 Set the depth from the top of the container for [Container Depth].
When [Container Depth] is changed, the result of 3D points in the container being removed (red points
in the figure) is displayed. Adjust [Container Depth] based on the result.

Running a test
Check that unnecessary 3D points for part detection have been removed correctly.

on Setup - V_3DV_SAMPLE

FAL: 2100 | S

¥ [ 30V Single-View Vis. Proc
Depth Snap Tool 1
Offset data Calculation Tool [l
¥ 3D Data Generator Tool 1 =
2 — Image Display Mode 2D Image + Result {4 N
Part Condition In Container 52
Container Wall RM.
Enable
Container Shape
IVertex Index /4
Add
Container Z mm
Container Depth .0| mm &
57354 55312 2042
1 : LH = =0 M B

SNAP+FIND || CONT S+F PLAYBACK END EDIT

1 Click [SNAP+FIND]. An image is snapped and detection is performed.
Check that unnecessary 3D points for part detection have been removed correctly.
The area displayed in red is a removed 3D point group. Check whether the area other than the part is
displayed in red.
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4.6.5  Setting Parameters of 3D Blob Locator Tool

Create a new 3D Blob Locator Tool for the vision process according to the following procedure.

1 Select [3DV Single-View Vis. Proc] in the tree-view and click the [E button.

A pop up to create a new vision tool appears.
2 Click [3D Blob Locator Tool] in [Type].

[3D Blob Locator Tool 1] is automatically set for [Name], but no change is needed here.
3 Click [OK].

3D Blob Locator Tool has been added.

Select [3D Blob Locator Tool 1] in the tree view, and then set each item.

Setting parameters

iRVision Vision Setup - V_3DV_SAMPLE

1o NI IFAIF RN
VE 3DV Single-View Vis. Proc [

Depth Snap Tool 1

E 3D Data Generator Tool 1

3D Blob Locator Tool 1 +

Offset data Calculation Tool [l

& |
Input 3D Data 3D Data Generator Tool 1 [ A
Image Display Mode 2D Image + Resultn — 1
Plot Mode Plot Found Pos + Points [ em— D
Found Position Gravity Center i
Calculate Plane Il
Calculate Angle @ Il
Search Window Enable [ Set
[i]
Connecting Threshold »
Lininht 6 [ oslmm
Found | _Row(v) [ Column(d) [ Angle [ x ] v [z ] w [P [R] Score [ _BlobPoints

[Time to Find ms

a = N S = B

SNAP+FIND CONT S+F PLAYBACK END EDIT

1 Select the tool to obtain 3D data for [Input 3D data].
Since [3D Data Generator Tool] is automatically selected when you newly create it, it is unnecessary
to change it in the system to be started here.

2 Select [Plot Found Pos + Points] from the [Plot Mode] drop-down box.

For details on each parameter, refer to the description of commands in “/RVision OPERATOR’S
MANUAL (Reference) B-83914EN.”
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Running a test
Check whether the part is correctly detected. Adjust each parameter to enable stable detection.

iRVision Vision Setup - V_3DV_SAMPLE
[ =] D] 100% KNB=N NI IFERIEN
¥ [ 3oV single-view Vis. Proc

Depth Snap Tool 1

E 3D Data Generator Tool 1

€8 3D Blob Locator Tool 1 ¥

Offset data Calculation Tool [l

= |
Input 3D Data 3D Data Generator Tool 1 n A
Image Display Mode £ 2D Image + Result [l
Plot Mode Plot Found Pos + Points [l
Found Position £ Gravity Center [E
Calculate Plane Il
Calculate Angle Il
Search Window Enable [ ] Set
[i]

Connecting Threshold

Found 1

Row(V) Coumn() T Ange T X T v T Z [ W I]PJ[R]J Score [ _BlobPoints
Time to Find  0ms 1 423.1 498.0 00 1046 1722 -936 00 00 00 53.2 1915

1 a _ L) = =0

LIVE SNAP FIND SNAP+FIND

CONT S+F PLAYBACK END EDIT

1 Click [SNAP+FIND].
An image is snapped, and detection is performed.
2 Check measurement results.
Check that unnecessary 3D points for part detection have been removed correctly.
3 Click [SAVE] and then [END EDIT] if there is no problem with the detection results.
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4.7 SETUP OF PARTS LIST MANAGER

Set the Parts List Manager.

On the ROBOT Homepage, select [iRVision], then [Parts List Manager], and the Parts List Manager list
screen appears. For the operation of Parts List Manager and a description of each item, refer to the
description on interference avoidance in “iRVision Bin Picking Application OPERATOR’S MANUAL B-
83914EN-6.”

4.7 1 Selection of Parts List

On the Parts List Manager list screen, select the pre-installed sample parts list and click [EDIT].

PARTS LIST MANAGER

Name
SEARCH

4
EDIT PTYPE

For details on creating a new parts list or changing the parts list type to [SEARCH + FINE], refer to
“iRVision Bin Picking Application OPERATOR’S MANUAL B-83914EN-6.”
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4.7.2 Setting SEARCH VP List

Set the created SEARCH vision process to the SEARCH VP List.

On the Parts List Manager data list screen, select the parts list to edit and click [EDIT]. The SEARCH VP
List edit screen will appear. Set the parameters according to the following procedures.

SEARCH VP List Parts List1

Vision Process Name

X 1
Not Set

|Vision Process Name V_30V_SAMPLE 7] e S A e e e s e
Img. Reg ol

Priority ent 151

"o B3

[ PAGE ] END EDIT

1

2 For [Vision Process Name], select the created vision process for SEARCH Vision Process.
3 Select [Measurement 1] for [Priority].

Select the first line in the SEARCH VP List.
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4.7.3 Setting PICK Position List

Teach the reference PICK position and set it to the PICK Position List.

On the Parts List Manager data list screen, select the parts list to edit and click [EDIT]. The SEARCH VP
List edit screen will appear. Select [PAGE], then [PICK Position List]. On the PICK Position List edit
screen, set the following.

PICK Position List Parts List1

Comment Vision Process Name Model ID Interference Setup Approach Setup Reference PICK Position
For Bin Picking Sample TP Program V_3DV_SAMPLE Not Set (V_SYS,V_ROB,V_CND) (V_CND, 0, 23) 1
2 Not Set Not Set Not Set Not Set Not Set

Comment [For Bin Picking Sample TP Program |
Use Found Position Enable [ ]
[l Fressss [ime V 3DV _SAMPLE | | ee—— 2
Model ID
Interference Setup
Calculate 1A Enable Vi 3
1ASYS v sysB ur1
1AROB v_ros [l
IACND v.eno Byt 4
Approach Setup
IACND v_eno Byt
Ofs PR 0] Not Used
[Tofs PR 23 5
Reference PICK Position
PICK Position X mm
PICK Position Y mm
PICK Position Z mm
PICK Position W
PICK Position P
PICK Position R °

" mm B

[ PAGE ] SAVE END EDIT

1 Select the first line in the PICK Position List.

2 For [Vision Process Name], select the created vision process for SEARCH Vision Process.

3 Check the [Enable] checkbox in [Calculate IA].

4 Select the created Interference Avoidance data.

5  For [Tofs] in [Approach Setup], set the number of the position register used for approach position
calculation and to which the tool offset value from the PICK Position is set.
Here, the tool offset is assumed to be set to PR[23], and (0.0, 0.0, 100.0, 0.0, 0.0, 0.0), for example, is
set in Cartesian coordinate system format.
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4.7.4  Setting PICK Position with Set Reference Wizard

Set the reference PICK position and SEARCH Vision Process reference data.

1 When the [Start Set Reference Wizard] button is clicked on the PICK Position List edit screen, the
following screen appears. Check the setup procedure and click [NEXT].

SET REFERENCE WIZARD Setup Sequence

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

Execute V_3DV_SAMPLE -> Setup V_3DV_SAMPLE Reference Data -> Setup PICK Position1

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

4 X

NEXT CANCEL

2 When the following screen for finding a vision process appears, move the robot out of the container
by jogging it, for example, and click [FIND].

SET REFERENCE WIZARD PICK Positionl Setup - Vision Execution

Please move the robot to detecting position for the following the vision process.
V_3DV_SAMPLE

Detect a part by the following vision process.

o 3

FIND CANCEL

3 The vision process for SEARCH Vision Process is executed, and the message ‘The vision process has
run. Please check FIND result in Vision Runtime Page.” shown below is displayed. On the Vision
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Runtime screen, check that the result of the vision process for SEARCH Vision Process is correct, and
click [NEXT].

SET REFERENCE WIZARD PICK Positionl Setup - Vision Execution

Please move the robot to detecting position for the following the vision process.
V_3DV_SAMPLE

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

v [} X

NEXT FIND CANCEL

4  The following Reference Data Setup screen appears. Click [SET] to set the reference data of the
SEARCH Vision Process, and click [NEXT].

SET REFERENCE WIZARD PICK 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.

PICK Paosition1

Press [NEXT] to start next step.

v b x

NEXT SET CANCEL
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5  The following Reference Position Setup screen appears.
Then, a TP program named SET POS.TP is automatically generated.

SET REFERENCE WIZARD PICK Positionl Setup - Reference Position Setup

Please 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].

When the reference position setting is done, press the [COMPLETE].

& x

SET CANCEL

6  Execute the TP program and move to P[1].
The found position of the SEARCH Vision Process is automatically set to P[1]. Move the robot to
P[1] and check that the found position is on a point of a part.

SET POS.TP

1: UFRAME_NUM=1

2: UTOOL_NUM=1

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

A\

Position found by TP program
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7  Check whether P[1] is appropriate as a position to pick a part (the position is adjusted if necessary by
fine-tuning the position of the robot), and click [SET] in the Reference Position Setup screen, and the
set reference PICK position is displayed as follows.

SET REFERENCE WIZARD PICK Positionl Setup - Reference Position Setup

Please 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].

When the reference position setting is done, press the [COMPLETE].
Following robot position has been set as reference position.
It is obtained by subtraction Vision Offset from the taught position.

UF:1 UT:1 NUT 000
X 6.415

7.268

62.249

-0.677

0.048

0.611

» v s N <

v & x

COMPLETE SET CANCEL

8  Check that the displayed reference PICK position is correct, and click [COMPLETE] to close Set
Reference Wizard.
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4.8 EDITING TP PROGRAM

Edit the TP program for the Bin Picking system with 3DV Sensor.
This system has a pre-installed sample program. This section explains how to create a program for actually

performing bin picking using a 3DV Sensor based on this sample program.

4.8.1 Flow Chart of TP Program

The flow chart of TP program is as follows.
rfa—-
| START |

N F.-'«.”_
Ii END SEARCH <

g SULCLCESS

POP

l SUCCESS

FAIL

FAL _ |Get PICK position

(2]

l SUCCES

FAL PICK&PLACE
SUCCESS
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4.8.2 Register Setting Table

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

Registers to be used

R [10] The status of the SEARCH Vision process. Each value represents the status
described below.
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. Each value represents the status described below.
0: SUCCESS
1: FAIL (No part data that can be popped)
R[12] The Model ID of the popped part data.
R [13] The status of the process to get a PICK position. Each value represents the status
described below.
0: SUCCESS
12: Failed to get an interference avoidance position at the PICK position
13: Failed to get an interference avoidance position at approach position
Position registers to be used
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)
PR [23] The tool offset value from the PICK Position used for approach position
calculation.
Tool frame to be used
[ UTOOL [1] | The gripper TCP
User frame to be used
| UFRAME [1] | Application frame

B-83914EN-3/04
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4.8.3 Batch Input of Register Comments

This system comes with a pre-installed sample program. By entering comments to registers and other
elements used in this sample program in advance, you can check operation and modify your program easily.
Although manually setting comments takes time, it will save the labor of performing the operation.

1 Select and execute [CMT _3DV_BP] on the program list screen.

SET_POS LINE O g8 ABORTED ple()]

TP Programs 693584 byvtes free 2/6

No. Program name Comment
1 _RCEEDT_ [ 1
2 [Comment R & PR ]
3 ST POS [ 1
4 V 3DV BP [Bin Pick 1
5 V_3DV_FIXED [Fixed Frame Ofs.]
6 V 3DV TOOL [Tool Ofs. 1

COPY DETAIL LOAD SAVE AS PRINT

2 On the register list screen and the position register list screen, check that the comments are entered as

follows.
Registers
R[10] Detection status
R[11] Pop status
R [12] Pop model ID
R [13] Pick status
Position registers
PR [20] Picking
PR [21] Pick interference offset
PR [22] Pick approach
PR [23] Pick approach offset

118 B-83914EN-3/04



Setup 4. BIN PICKING SYSTEM

4.8.4 Editing TP Program

Copy and edit the sample TP program.

1 Select [V_3DV_BP] and click [COPY] on the program list screen.

SET_POS LINE O w4 ABORTED [E[eiiy]

TP Programs 693584 bytes free 4/6
No. Program name Comment
1 -BCEKEDT- [ 1
2 CMT 3DV _BP [Comment R & PR ]
3 _SET_Pos [ 1
5 'V 3DV FIXED [Fixed Frame Ofs.]
6 V_3DV_TOOL [Tool Ofs. 1
1 — { copy ‘ DETAIL LOAD SAVEAS  PRINT

2 Edit the program name and click [OK].
3 Teach each position in the TP program.

Positions
P[1: Search] The robot’s waiting position when SEARCH is being executed. Teach a
position where the robot will not come into the 3DV Sensor’s field of view.
P[2: Pick Approach] The approach position when picking the part. It is desirable that a point

directly above the center of the container be taught.

P[3: Place Approach] The approach position when placing the part.

P[4: Place] The part placing position.

P[5: Home] The robot’s waiting position. It may be the same position as P[1].

4 Add part picking and placing instructions.
For the CALL instruction in P[5], specify the instruction to pick up the part with the gripper. In this
procedure, a macro call to turn ON the vacuum with the vacuum gripper is used as an example. Change
it according to the environment you use.

For the CALL instruction in P[6: Place], specify the instruction to release the part from the gripper. In
this procedure, a macro call to turn OFF the vacuum with the vacuum gripper is used as an example.
Change it according to the environment you use.
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V_3DV_BP.TP

This is the sample program for the Bin Picking system. For how to use macro programs such as
BINPICK CLEAR, refer to the Parts List Manager Reference in “iRVision Bin Picking Application

OPERATOR’S MANUAL B-83914EN-6.”

: IThe register numbers and
: Iposition register numbers below
: Ishould be changed according to

Specify the user frame number set in
“4.2 SETTING USER FRAME”.

: Ithose set by CMT 3DV_BP.TP.
UFRAME_NUM=1

UTOOL NUM=1
: CALL BINPICK_CLEAR(1)

I

_
S

: ISEARCH

: LBL[1]

: L P[1:Search] 2000mm/sec FINE

: CALL BINPICK SEARCH(1,1,10)

—_— —
W N =

Specify the tool frame number set in
“4.4 SETTING TOOL FRAME”.

—— —
A L

: IPOP
: LBL[2]
: CALL BINPICK POP(1,11,12) ;

—_—
o0

Execute SEARCH Vision Process.

: IF R[10:Search Status]<>0,JMP LBL[999] \

If any part cannot be found, terminate
the process.

—
> \O

: IF R[11:Pop Status]<>0,JMP LBL[1]

[N 2]
—_ O

: IGETPICKPOS
: CALL BINPICK_GETPICKPOS(1,1,13,20,21,22)
. IF R[13:Pick Status]=0,JMP LBL[3]

[NOR NS TN \S I )

: CALL BINPICK_SETSTAT(1,22)

If part data fails to be popped, execute
the SEARCH vision process.

[\
3 N

: JMP LBL|[2]

[\ 2N \]
% 2

: IPICK

: LBL[3]

: L P[2:Pick Approach] 2000mm/sec CNT100
: L PR[22:Pick App.] 2000mm/sec CNTS0

W W N
— O \O

If the PICK position fails to be
acquired, pop the next part data.

(O8]
N

: L PR[20:Pick] 500mm/sec FINE
: !Insert program instructions

. Ito grasp the part.

: CALL ...

: CALL BINPICK SETSTAT(1,20)

: L PR[22:Pick App.] 500mm/sec CNT50

: L P[2:Pick Approach] 2000mm/sec CNT100

W LW W W W W W
SOVXIS LA

: IPLACE
: L P[3:Place Approach] 2000mm/sec CNT100

N
—_

Move to the part pick position

N
[\

: L P[4:Place] 500mm/sec FINE
: !Insert program instructions

: Ito release the part.

: CALL ...

: L P[3:Place Approach] 2000mm/sec CNT100

P e

: ICONTINUOUS

Move to the part placement position

N
O

: JMP LBLJ[2]

wn
—_— O

: IEND
: LBL[999]
: JP[5:Home] 100% FINE

wn W
w N

After placing a part, pop the next part
data.
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4.9 CHECKING ROBOT OFFSET OPERATION

Check that a part in the container can be detected and picked up accurately.
Start with lower override of the robot to check that the logic of the program and the motion of the robot are
correct. Next, increase the override and keep the robot running continuously to check that it works properly.

e  Place the part near the reference position, find it and check that it can be picked up accurately. If the
accuracy of compensation is low, retry the reference position setting.

e  Move the part in the X direction or Y direction without rotation, find it and check that it can be picked
up accurately.

e  Rotate the part, find it and check that it can be picked up accurately.

e  Change the part’s height, find it and check that it can be picked up accurately.

e  Tilt the part, find it and check that it can be picked up accurately.
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Know-How 1. FRAME SETTING

1

FRAME SETTING

This

chapter explains the setting method for the user frame and tool frame.

In iR Vision, the following frames are used.

World frame

The frame that is defined in the robot from the start. A specified location is defined for each model of
robot. It cannot be changed.

User frame

A frame that is defined by a user. It is expressed using a relative position from the world frame. It will
be the same as the world frame when it is not set.

Tool frame

A frame that shows the tool center point (TCP) and orientation of a tool. It needs to be set up in
accordance with each tool.

In iR Vision, the above frames need to be setup in [Application Frame] or [Offset Frame].

For details on the general method for frame setting, refer to the description of setting coordinate systems in
“OPERATOR’S MANUAL (Basic Function) B-83284EN.”

There are two methods for frame setting. Refer to the following for each setting method.

1.1

Setting with a pointer tool

For the setting method, refer to “Know-How: 1.1 FRAME SETTING WITH POINTER TOOL.”
Setting with the calibration grid frame setting function

For the setting method, refer to “Know-How: 1.2 FRAME SETTING WITH GRID FRAME
SETTING FUNCTION.”

FRAME SETTING WITH POINTER TOOL

This
tool.
This

is a method for setting a user frame or tool frame by physically performing touch-up with a pointer
section explains a user frame and tool frame with the following configuration.

For details of the user frame setting, refer to “Know-How: 1.1.1 User Frame Setting.”
For details of the tool frame setting, refer to “Know-How: 1.1.2 Tool Frame Setting.”

1.1.1 User Frame Setting

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 a pointer tool as preparation.

1.1.1

1 TCPsetup

Attach a pointer tool on the robot end of the arm tooling, and set TCP to an arbitrary tool frame number.
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Tool frame

Pointer tool and 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 can be set
as desired. 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 “Three point method” for setting a TCP. If the accuracy of this TCP
setting is low, the precision in handling of a workpiece by the robot is also degraded.

Pointer tool

Fixed pointer tool

Example of a layout for pointer tool and fixed pointer tool
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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, y, 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.

1 On the teach pendant, after selecting the [MENU] key — [SETUP], place the cursor over [Frames]
and press the [ENTER] key.

2 Press F3 [OTHER].

3 Place the cursor over [Tool Frame] and press the [ENTER] key.
The list screen for tool frames will appear.

Vo

SETUP Frames

Tool Frame / Direct Entry 1/10
At htd Lrd f"“n_vnnr\"—
4 {ll o0 0.0 0.0 [Eear1 1)

& v v vy v.u lﬂlu-ﬂ.l..L 1

3 0.0 0.0 0.0 [Eoat3 1

4 0.0 0.0 0.0 [Eoat4 1

5 0.0 0.0 0.0 [Eoath 1

6 0.0 0.0 0.0 [Eoaté 1

7 0.0 0.0 0.0 [Eoat?7 1

8 0.0 0.0 0.0 [Eoat8 1

9 0.0 1.6 1.0 [Eoat9 1

10 0.0 0.0 0.0 [EoatlO 1
Active TOOL SMNUTOOLNUM[1] = 1

5 DETAIL [OTHER ] CLEAR SETIND

4 Place the cursor over the line of the tool frame number to be set.
5  Press F2 [DETAIL].
The setup screen for the tool frame for the selected frame number will appear.

vo

SETUP Frames
Tool Frame Direct Entry 1/7
Frame Number: 1
1 Comment:
H -000
H -000
-000
-000
-000
-000
B, 0, 0, O

St Ul WN

X
Y
A
W:
E
R
C

Doocococoo

=

onfiguration:

Active TOOL S$MNUTOOLNUM[1] = 1

ann
6 == [METHOD] FRAME

6  Press F2 [METHOD].
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7  Place the cursor over [Three Point] and press the [ENTER] key.
A screen for tool frame setting using the three point teaching method will appear.

1/0

SETUP Frames
Tool Frame
Frame Number: 1

X: 0.0 YO 0.0 Z: 0.0
¥ - n_n ™ . n_n ™ 0_0
(comment - IR TS
[ =
= UNINIT
9 'Approach point 1

UunNiINL1Y

UNINIT

Approacn point Z-
Approach point 3:

o [ TYPE]

[METHOD] FRAME

8  Enter a comment in the [Comment] field as necessary.
A comment to distinguish this frame from other frames is recommended.
9  Place the cursor over [Approach point 1].
10 Jog the robot and touch up the fixed pointer tool pin with the robot pointer tool pin.

Approach point/ 1

Touch-up of approach point 1

128
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/o 109
SETUP Frames + =[H
Tool Frame Three Point
Frame Number: 1
X: 0.0 Vs 0.0 Z: 0.0
W: 0.0 P: 0.0 R: 0.0
Comment : Pointerl

IArnraanch naine - JafRRN

12 :Approach point 2: UNINITI
Approacn point S. uNLINLYL

[METHOD] FRAME MOVE_TO RECORD

11 While holding down the [SHIFT] key, press F5 [RECORD].
The current value’s data will be input as approach point 1.
[Used] will appear for [Approach point 1].

12 Place the cursor over [Approach point 2].

13 Jog the robot and touch up the fixed pointer tool pin with the robot pointer tool pin.
Touch up the same point as approach point 1. However, change the robot orientation from that of

approach point 1.

REA
Approach point 2

Touch-up of approach point 2

11
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15

/O

SETUP Frames
Tool Frame
Frame Number: 1

Three Point

X: 0.0 Y: 0.0 Z:
W: 0.0 P: 0.0 R:
Comment : Pointerl

Approach point 1: USED
Annroach noint 2- oW

14  While holding down the [SHIFT] key, press FS [RECORD].

{Approach point 3: UNINIT

FRAME

[ TYPE]

[METHOD]

The current value's data will be input as approach point 2.
For the taught [Approach point 2], [Used] will appear.
15 Move the cursor to [Approach point 3].

16 Jog the robot and touch up the fixed pointer tool pin with the robot pointer tool pin.

MOVE_TO

RECORD

14

The position of approach point 3 is the same as approach point 1 and 2. However, the posture of
approach point 3 is different from the posture of approach point 1 and 2.

Touch-up of approach point 3

Approach point 3

130
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1/0
SETUP Frames
Tool Frame Three Point
Frame Number: 1
X: -1.8 Y: 3.2 Z: 350.5
W: 0.0 P: 0.0 R: 0.0
Comment : Pointerl
Approach point 1: USED
Approach point 2: USED
Approach point 3: JSED

Record must be shifted

[TYPE]  [METHOD] FRAME MOVE_TO  RECORD 17

17  While holding down the [SHIFT] key, press F5S [RECORD].

The current value's data will be input as approach point 3.

When all the approach points are taught, [Used] will appear. The tool frame has been set.
18 Press the [PREV] key.

The list screen for tool frames will appear.

Vo

SETUP Frames

Tool Frame / Direct Entry 1/10
X Y Z Comment

1] 1.8 3.2 350.5 [Pointerl 1
2 0.0 0.0 0.0 [Eoat2 1
3 0.0 0.0 0.0 [Eoat3 1
4 0.0 0.0 0.0 [Eoat4 1
5 0.0 0.0 0.0 [Eoat5 1
6 0.0 0.0 0.0 [Eoaté 1
7 0.0 0.0 0.0 [Eoat? 1
8 0.0 0.0 0.0 [Eoat8 1
9 0.0 1.6 1.0 [Eoat$- 1
10 0.0 0.0 0.0 [Eoatl0 1

Active TOOL $MNUTOOLNUM[1] = 1

[ TYPE ] DETAIL  [OTHER] CLEAR SETIND 19

19  Check that the TCP is set accurately. Press FS [SETIND] and enter a frame number.
The tool frame that has been set will be set as the currently enabled tool frame.
20 Jog the robot to move its pointer tool close to the tip of the fixed pointer tool.

B-83914EN-3/04 131



1. FRAME SETTING Know-How

Center of rotation

Check by moving the pointer tool close to the tip of the fixed pointer tool

21 Jog the robot around the tool frame, and change the orientation of the tool (w, p, r). If the TCP is
accurate, the tip of the pointer tool will always point toward the tip of the fixed pointer tool.

1.1.1.2 Setting method types and procedures

There are three methods of setting a user frame, the “Three point method,” “Four point method” and “Direct
list method.” For settings of the three point method and four point method, use the touch-up pointer set in
“Know-How: 1.1.1.1 TCP set up.” Moreover, the farther away each taught point is, the better the accuracy
of the user frame setting becomes. When setting the calibration grid frame, the “Four point method” allows
the distance of each taught point to be farther away than the “Three point method.” When setting the
calibration grid frame, the “Four point method” is recommended. The “Three point method” and “Four
point method” are explained as shown below.
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Three point method
Teach the following three points: the origin of the x-axis, the point that 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 plan.

Pointer tool

User frame

Example for setting a user frame that is parallel with a work table plane

1 On the teach pendant, after selecting the [MENU] key — [SETUP], place the cursor over [Frames]
and press the [ENTER] key.

2 Press F3 [OTHER].

Place the cursor over [User Frame] and press the [ENTER] key.

The following list screen for user frames will appear.

w
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/0

SETUP Frames
User Frame

/ Direct Entr

~r < [

P P

'’ 1/9

.

Active UFRAME SMNUFRAMENUMI[1]

{1. 0.0 0.0 0.0 [UFramel ]]
4 v.u v.v UV.u urrdimcs 1
3 0.0 0.0 0.0 [UFrame3 1
4 0.0 0.0 0.0 [UFrame4 1
5 0.0 0.0 0.0 [UFrame5 1
6 0.0 0.0 0.0 [UFrame6 1
7 0.0 0.0 0.0 [UFrame’ 1
8 0.0 0.0 0.0 [UFrame8 1
9 0.0 0.0 0.0 [UFrame9 1

=0

DETAIL [OTHER ] CLEAR

4 Place the cursor over the line number of the frame to be set.
5  Press F2 [DETAIL].

The SETUP Frames screen for the selected frame will appear.
6  Press F2 [METHOD].
7  Place the cursor over [Three Point] and press the [ENTER] key.

A screen for user frame setting using the three point teaching method will appear.

/o

SETUP Frames
User Frame
Frame Number: 1

Three Point

X: 0.0 Y: 0.0 Z:
W: 0.0 P: 0.0 R:
Comment : FIXTURE]
Uiicne wviaiyginn ruilne. UIN LN 1
X Direction Point: UNINIT
Y Direction Point: UNINIT

[ TYPE ]

[METHOD] FRAME

8  Enter a comment in the [Comment] field as necessary.

A comment to distinguish this frame from other frames is recommended.
9  Move the cursor to the [Orient Origin Point].
10 Jog the robot and touch up the origin of the frame with the pointer tool pin.

1/4

Active UFRAME SMNUFRAMENUM[1] = 0

134
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Orient Origin Point

Touch-up of the orient origin point
11 While holding down the [SHIFT] key, press F5 [RECORD].

The current position data will be recorded as the orient origin of the frame.
As for the taught [Orient Origin Point], [USED] will appear.

1/0

SETUP Frames
User Frame Three Point 2/4
Frame Number: 1

X: 0.0 Y: 0.0 Z: 0.0
W: 0.0 P: 0.0 R: 0.0
Comment : FIXTURE1
Inrient Nrimin Daint - ntNsheY

12 X Direction Point: UNINIT
Y birecuion roinec. UNINIT

Record must be shifted

[TYPE] [METHOD] FRAME  MOVETO  RECORD 11

12 Move the cursor to the [X Direction Point].
13 Jog the robot and touch up the X direction point with the pointer tool.
A line drawn between the orient origin point and the touched up X direction point will be the X-axis

of the frame.
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X Direction Point

Orient Origin Point

Touch-up of X direction point

14

15
16

1/0
SETUP Frames
User 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 : FIXTURE1
Orient Origin Point: TUSED
¥ = nn_ Poin SET)
15 {Y Direction Point: UNINIT

Record must be shifted

RECORD 14

[TYPE]

[METHOD] FRAME MOVE_TO

While holding down the [SHIFT] key, press F5 [RECORD].

The current position data will be recorded as the X direction point.

[USED] will appear for [X Direction Point].

Move the cursor to the [Y Direction Point].

Jog the robot and touch up the Y direction point with the pointer tool.

Touching up the Y-axis direction will determine the X and Y plane of the frame.

136

B-83914EN-3/04



Know-How 1. FRAME SETTING

Orient Origin Point

\/

Touch-up of Y direction point

1o

SETUP Frames
User Frame Three Point 4/4
Frame Number: 1

X: 1298.7 Y: -447.7 Z: -268.9

W: 0.0 P: 0.0 R: 0.0
Comment : FIXTURE1
Orient Origin Point: TUSED
X Direction Point: USED
¥ Direction Point: OSED

Record must be shifted

[TYPE]  [METHOD] FRAME MOVE_TO  RECORD 17

17 While holding down the [SHIFT] key, press F5 [RECORD].

The current position data will be recorded as the Y direction point.

When all the approach points are taught, [USED] will appear. The user frame will be set.
18 Press the [PREV] key.

The User Frame list screen will appear.
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1/0

SETUP Frames

User Frame / Three Point 1/9
X Y Z Comment
1I1298.'1r -447 .7 -268.9 [FIXTURE1l 1
2 0.0 0.0 0.0 [UFrame2 1
3 0.0 0.0 0.0 [UFrame3 1
4 0.0 0.0 0.0 [UFrame4 1
5 0.0 0.0 0.0 [UFrame5 1
6 0.0 0.0 0.0 [UFrameé6 1
Vi 0.0 0.0 0.0 [UOFrame7 1
8 0.0 0.0 0.0 [UFrame8 1
9 0.0 0.0 0.0 [UOFrame9 1

Active UFRAME SMNUFRAMENUM[1] = 0

[ TYPE ] DETAIL [OTHER ] CLEAR SETIND 19

19 Press F5 [SETIND] and enter a frame number.
The user frame that has been set will be set as the currently enabled user frame.

Four point method
Teach the following four points: the origin of the x-axis parallel to the frame, the point that specifies the
positive direction of the x-axis, a point on the xy plane, and the origin of the frame. In the example of the
following figure, the user frame is set on the fixed calibration grid.

System origin

Example of setting a user frame on a fixed calibration grid
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The following figure is a calibration grid. When performing the Grid Pattern 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 set an Orient origin on the center of a calibration grid, when the “Three point method” is used, the
distance from the Orient Origin to the X Direction Point or the Y Direction Point is shorter. The accuracy
of user frame setting is better when the “Four point method” is used.

O0O®OO®O®O®O®C XDicctin
o000 OOOOS
XX EY NN N

System Origin ~—___

5/5

D00 000 ® ® L Orient Origin

Y Direction

Four point teaching method touch-up points for a calibration grid

1 On the teach pendant, after selecting the [MENU] key — [SETUP], place the cursor over [Frames]
and press the [ENTER] key.

2 Press F3 [OTHER].

3 Place the cursor over [User Frame] and press the [ENTER] key.
The list screen for user frames will appear.

Vo

SETUP Frames
User Frame / Three Point 1/9

x5 ~r [ P P

[OFramel

1
UL Lales 1
[UOFrame3 1
[UOFrame4 1
[OFrame5 1
[UFrameé6 1
[UFrame7 1
[UFrame8 ]
[UFrame9 1

W m ;U e W N

ocCocoocococogo
] K
ococoocococogo
ocCoooococogo
]
ocCocoocococogo
ocCocoocococogo
] K
ocCocoocococogo

Active UFRAME SMNUFRAMENUM[1] = 1

5 DETAIL [OTHER ] CLEAR

4 Place the cursor over the line number of the frame to be set.
5  Press F2 [DETAIL].
The SETUP Frames screen for the selected frame will appear.
6  Press F2 [METHOD].
7  Place the cursor over [Four Point] and press the [ENTER] key.
A screen for user frame setting using the four point teaching method will appear.
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Yo

SETUP Frames
User Frame Four Point 1/5
Frame Number: 1

X: 0.0 0.0 0.0
W: 0.0 P: 0.0 R: 0.0

8 Comment: :
9 Orient Origin Point: UNINIT
"X DiTecrlion roint: UNINIT
Y Direction Point: UNINIT
System Origin: UNINIT

Active UFRAME SMNUFRAMENUM[1] = 1

[TYPE]  [METHOD] FRAME

8  Enter a comment in the [Comment] field as necessary.
A comment to distinguish this frame from other frames is recommended.
9  Place the cursor over [Orient Origin Point].
10 Jog the robot and touch up the X direction origin point with the pointer tool.

Orient Ongin Point

Touching up the orient origin point
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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
SED
12 {X Direction Point: UNINIT
I DIrecLlion rFoine. UNINIT
System Origin: UNINIT

[TYPE]  [METHOD] FRAME MOVE TO  RECORD 11

11 While holding down the [SHIFT] key, press F5S [RECORD].
The current position data will be entered as the X-axis origin point.
For the taught [Orient Origin Point], [Used] will appear.

12 Move the cursor to the [X Direction Point].

13 Jog the robot and touch up the X direction point with the pointer tool.

A line drawn between the orient origin point and the touched up X direction point will be the X-axis
of the frame.

v

Orient Origin Point X Direction Point

Touch-up of X direction point
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o

SETUP Frames
User Frame Four Point 3/5
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: USED
¥ Direction Point:-  [§Gi
15 Y Direction Point: UNINIT
oYySLEm Urigin. UNINI L

Record must be shifted

[TYPE] [METHOD] FRAME  MOVETO  RECORD 14

14  While holding down the [SHIFT] key, press F5S [RECORD].
The current position data will be recorded as the X direction point.
[USED] will appear for [X Direction Point].
15 Move the cursor to the [Y Direction Point].
16 Jog the robot and touch up the Y direction point with the pointer tool.
Touching up the Y-axis direction will determine the X and Y plane of the frame.

, Ly

Y Direction Point

Touch-up of Y direction point
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o

SETUP Frames
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 : FIXTURE1
Orient Origin Point: TUSED
X Direction Point: USED
Iy Direction Point-  |§t0ds

18 l| System Origin: UNINIT I

Record must be shifted

[TYPE]  [METHOD] FRAME MOVE TO  RECORD 17

17  While holding down the [SHIFT] key, press F5S [RECORD].
The current position data will be recorded as the Y direction point.
[USED] will appear for the taught [Y Direction Point].
18 Move the cursor to the [Orient Origin Point].
19 Jog the robot and touch up the orient origin point of the frame with the pointer tool.

> P %

System Origin

Touch-up of the orient origin point
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IjO

SETUP Frames
User Frame Four Point 5/5
Frame Number: 1

X: 1628.4 Y -1.9 Z: -255.5
W 0.0 (] 0.0 R 0.0
Comment : FIXTURE1l
Orient Origin Point: TUSED

X Direction Point: USED

Y Direction Point: USED

System Origin: USED

Record must be shifted

[TYPE]  [METHOD] FRAME MOVE_TO  RECORD 20

20  While holding down the [SHIFT] key, press F5 [RECORD].

The current position data will be recorded as the orient origin of the frame.

When all the approach points are taught, [USED] will appear. The user frame will be set.
21 Press the [PREV] key.

The User Frame list screen will appear.
22 Press F5 [SETIND] and enter a frame number.

The user frame that has been set will be set as the currently enabled user frame.

1.1.2  Tool Frame Setting

This subsection explains how to set a tool frame on the calibration grid that is mounted on the robot end of
arm tooling.

Fixed pointer

Tool frame

Example of tool frame setting with a pointer tool
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After the pointer for touch-up is secured to a secured stand, select “Tool Frame Setup / Six Point (XY)” or
“Tool Frame Setup / Six Point (XZ),” and teach the six points shown in the figure below by touch-up
operation. The position of the fixed pointer can be set as desired.

System Origir\

—— 7 - axis/Y - axis
Direction
Approach point 1

Approach point 2 ~
Approach point 3

oNee
0000000
000000O0S
00000 O0O0DS
o000 OOOS
00000000

X Directon—+ 9 9 0 0 090 9 0O

Six point teaching method touch-up points for a calibration grid

The tool frame set using the “Tool Frame Setup / Six Point (XZ)” method is rotated by 90 degrees about
the X-axis with respect to a desired frame. Upon completion of setting the tool frame with the touch-up
operation, manually enter the value of W plus 90.

In the example of this subsection, “Tool Frame Setup / Six Point (XY)” is explained. Make sure that the
calibration grid is fixed securely to the robot end of arm tooling so that it remains in place while the robot
moves. Positioning pins or other appropriate means may be used so that the calibration grid can be mounted
at the same position for each measurement. Moreover, set the tool frame accurately on the calibration grid.
If the accuracy of this frame setting is low, the precision in handling of a workpiece by the robot is also
degraded.

1 On the teach pendant, after selecting the [MENU] key — [SETUP], place the cursor over [Frames]
and press the [ENTER] key.

2 Press F3 [OTHER].

3 Place the cursor over [Tool Frame] and press the [ENTER] key.
The list screen for tool frames will appear.

= 100
SETUP Frames + =[H
Tool Frame / Direct Entry 1/10

h*d htd Lrd r"“n_'nn“"—
4 {10 0 0.0 0.0 [Eoatl 1

“ v L] v.u U I_EIUE.LL ]

3 0.0 0.0 0.0 [Eoat3 1

4 0.0 0.0 0.0 [Eoat4 1

5 0.0 0.0 0.0 [Eoath 1

6 0.0 0.0 0.0 [Eoaté 1

7 0.0 0.0 0.0 [Eoat? 1

8 0.0 0.0 0.0 [EoatB 1

9 0.0 0.0 1.0 [Eoat9 1

10 0.0 0.0 0.0 [FEoatl0 1
Active TOOL SMNUTOOLNUM[1] = 1

5 DETAIL [OTHER ] CLEAR SETIND
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4 Place the cursor over the line of the tool frame number to be set.
5  Press F2 [DETAIL].
The setup screen for the tool frame for the selected frame number will appear.

o

SETUP Frames
Tool Frame Direct Entry 1/7
Frame Number: 1

1 Comment:
2 X: 0.002
3 Y: 0.000
4 Z: 0.000
5 W: 0.000
6 P: 0.000
T R: 0.000
Configuration: NDEBE, 0O, 0, O

Active TOOL SMNUTOOLNUM[1] = 1

L 1 1]
6 — [METHOD] FRAME

6  Press F2 [METHOD].
7  Place the cursor over [Six Point (XY)] and press the [ENTER] key.
A screen for tool frame setting using six points will appear.

/o
SETUP Frames

Tool Frame Six Point (XY) 1/7
Frame Number: 1
X: 0.0 Y: 0.0 Z: 0.0
ol - n_n = NN - 0.0
8 Comment : FIXTURE]
9 Approach point 1: UNINIT
Approacn poOLNt Z: UNINLT
Approach point 3: UNINIT
Orient Origin Point: UNINIT
X Direction Point: UNINIT
Y Direction Point: UNINIT

[TYPE]  [METHOD] FRAME

8  Enter a comment in the [Comment] field as necessary.

A comment to distinguish this frame from other frames is recommended.
9  Place the cursor over [Approach point 1].
10 Jog the robot and touch up the approach point 1 with the pointer tool.
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Approach point 1

Touch-up of approach point 1

1/0
SETUP Frames

Tool Frame Six Point (XY) 2/7
Frame Number: 1
X: 0.0 Y: 0.0 Z: 0.0
W: 0.0 P: 0.0 R: 0.0
Comment - FIXTURE1
Annroach noint 1-  [gEIAM
12 Approach point 2: UNINIT
Approdcn poine 5. UNINIT
Orient Origin Point: UNINIT
X Direction Point: UNINIT
Y Direction Point: UNINIT

Record must be shifted

[TYPE]  [METHOD] FRAME MOVE_TO  RECORD 11

11 While holding down the [SHIFT] key, press F5 [RECORD].
The current value’s data will be input as approach point 1.
[Used] will appear for [Approach point 1].
12 Place the cursor over [Approach point 2].
13 Jog the robot and touch up the approach point 2 with the pointer tool.
Touch up the same point as approach point 1. However, change the robot orientation from that of
approach point 1.
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6 Approach point 2

Touch-up of approach point 2

/0

SETUP Frames
Tool Frame
Frame Number: 1

X: 0.0 Y: 0.0 Z: 0.0
W: 0.0 P: 0.0 R: 0.0
Comment : FIXTURE1l
Approach point 1: USED
[AnpDroach noint 2-  lsfine

15 Approach point 3: UNINIT
UOIEnL vrigin J.’OJ.LII..: UNINLIT
X Direction Point: UNINIT
Y Direction Point: UNINIT

Record must be shifted

[TYPE] [METHOD]  FRAME  MOVETO  RECORD 14

14 While holding down the [SHIFT] key, press F5S [RECORD].
The current value’s data will be input as approach point 2.
As for the [Approach point 2], [USED] will appear.
15 Move the cursor to [Approach point 3].
16 Jog the robot and touch up the approach point 3 with the fixed pointer.
The position of approach point 3 is the same as approach point 1 and 2. However, the posture of
approach point 3 is different from the posture of approach point 1 and 2.
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Approach point 3

Touch-up of approach point 3

Vo
SETUP Frames
Tool Frame Six Point (XY) 4/7
Frame Number: 1
X: 0.0 Y: 0.0 Z: 0.0
W: 0.0 P: 0.0 R: 0.0
Comment : FIXTURE1
Approach point 1: USED
Approach point 2: USED
[Annroach noint 3:  (BRiAN
18 lO]’_‘ient Origin Point: UNINIT
A DircCL1Ol roine. UNINLL
Y Direction Point: UNINIT
Record must be shifted

[ TYPE ] [METHOD] FRAME MOVE_TO RECORD 17

17  While holding down the [SHIFT] key, press F5 [RECORD].
The current value’s data will be input as approach point 3.
As for the taught [ Approach point 3], [USED] will appear.
18 Move the cursor to the [Orient Origin Point].
19 Jog the robot and touch up the Orient Origin Point with the fixed pointer.
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Orient Origin Point

Touch-up of the point for the Orient Origin Point

o
SETUP Frames
Tool Frame Six Point (XY) 5/7
Frame Number: 1
X: 0.0 Y: 0.0 Z: 0.0
W: 0.0 P: 0.0 R: 0.0
Comment : FIXTURE1
Approach point 1: USED
Approach point 2: USED
Approach point 3: USED
lorient Oriacin Point-  GIAN
21 X Direction Pointf UNINIT
Y DILcCLLION FOLINC: UNLINLT

Record must be shifted

[TYPE]  [METHOD] FRAME MOVE_TO  RECORD 20

20 While holding down the [SHIFT] key, press F5 [RECORD].
The current position data will be recorded as the orient origin of the frame.
As for the taught [Orient Origin Point], [USED] will appear.

21 Move the cursor to the [X Direction Point].

22 Jog the robot and touch up the X Direction Point with the fixed pointer.
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Touch-up of X direction point

Vo
SETUP Frames
Tool Frame Six Point (XY) 6/7
Frame Number: 1
X: 0.0 Y: 0.0 Z: 0.0
W: 0.0 P: 0.0 R: 0.0
Comment : FIXTURE1l
Approach point 1: USED
Approach point 2: USED
Approach point 3: USED
Orient Origin Point: TUSED

D = NN Pnin ST

¥ Nirection Point- il
24 l' Y Direction Point: UNINIT I

Record must be shifted

[TYPE]  [METHOD] FRAME MOVE_TO  RECORD 23

23 While holding down the [SHIFT] key, press F5 [RECORD].
The current position data will be recorded as the X direction point.
[USED] will appear for [X Direction Point].

24 Move the cursor to the [Y Direction Point].

25 Jog the robot and touch up the Y Direction Point with the fixed pointer.
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P 4

/y

/

Y Direction Point

Touch-up of Y direction point

/o

SETUP Frames
Tool Frame
Frame Number: 1

X: A400.0 Y: 0.0 Z: -2.0
W: 180.0 P: 0.0 R: 0.0
Comment: : FIXTURE1l
Approach point 1: USED
Approach point 2: USED
Approach point 3: USED

Orient Origin Point: TUSED

X Direction Point: USED

[ TYPE] [METHOD] FRAME MOVE_TO RECORD 2 6

26 While holding down the [SHIFT] key, press F5 [RECORD].
The current position data will be recorded as the Y direction point.
When all the reference points are taught, [USED] will appear. The tool frame has been set.
27 Press the [PREV] key.
The list screen for tool frames will appear.
28 Check that the TCP is set accurately. Press F5 [SETIND] and enter a frame number.
The tool frame that has been set will be set as the currently enabled tool frame.
29 Jog the robot to move the origin point of the calibration grid close to the tip of the fixed pointer tool.
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Center of rotation

Check by moving the origin point of the calibration grid close to tip of fixed pointer tool

30 Jog the robot around the tool frame, and change the orientation of the calibration grid (w, p, ). If the
TCP is accurate, the tip of the pointer tool will always point toward the origin point of the calibration
grid.

1.2 FRAME SETTING WITH GRID FRAME SETTING
FUNCTION

Function overview
The calibration grid frame setting function sets the calibration grid frame using a camera. In the calibration
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 calibration grid frame
setting function is executed, a frame is set on the calibration grid, as shown in the following figure.
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1

o009

o000 0OQGOO

o000 OOOOS
O00000GOSSNO

CO0000O0O0S

Example of frame using calibration grid

Compared with the manual touch-up setting method, this 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 operation.

There are the following two methods for the calibration grid frame setting.

e  Opening the camera data edit screen on the teach pendant and automatically measuring the position
information of a calibration grid.
e  Perform the calibration grid frame setting on the [iRVision Utilities] screen on the teach pendant.

When you want to quickly perform camera calibration, the method to automatically measure the position
information of a calibration grid on the camera data edit screen is convenient. However, it cannot be done
from the camera edit screen on your PC. It must be done by opening iRVision’s camera edit screen from
the teach pendant.

/\ CAUTION
The calibration grid frame setting function is usable with 6-axis robots only. The
function cannot be used with 4-axis robots and 5-axis robots.

#Memo
The frame obtained through a calibration grid frame setting performed on the
camera data edit screen will not be set to the user frame or tool frame. The
obtained frame is stored inside the camera data and is used for the calibration of
the camera data. Although this method is convenient when you only want to
perform a calibration of camera data, to set a user frame or tool frame on the
calibration grid, perform a calibration grid frame setting on the iRVision Utilities
screen.
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1.2.1 Setting Procedure Using Camera Data Edit Screen
Use the following setup procedure for the calibration grid frame setting function on the camera data edit
screen:

1 Mounting calibration grid

iy

2 Editing the camera data

gs

3 Teaching start position (Camera data edit screen)

g

4 Running measurement (Camera data edit screen)

1.2.1.1 Mounting 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 the arm tooling
is used to measure the position of the calibration grid frame. The calibration grid frame setting function
identifies the position of the calibration grid frame relative to the robot base frame (world). When using a
robot-mounted camera, the calibration grid frame setting function can be performed with the camera
currently used. When using a fixed camera, prepare another camera for the calibration grid frame setting
function.

Robot mounted-camera

User frame

.

Example of a fixed calibration grid

Calibration gri
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When the calibration grid is mounted on the robot

When the calibration grid is mounted on the robot, a fixed camera is used to measure the position of the
calibration grid frame. The robot moves the calibration grid within the field of view of the fixed camera.
The calibration grid frame setting function identifies the position of the calibration grid frame relative to
the robot mechanical interface frame (the robot face plate). The calibration grid frame setting function can
be performed with the camera currently used. When there is not enough space to perform the calibration
grid frame setting function with the camera currently used, prepare another fixed camera to make it possible
to perform the calibration grid frame setting function.

Camera

Tool frame

Example of a calibration grid attached to the robot hand

Make sure that the calibration grid is fixed securely so that it does not move during measurement,

#Memo
To prevent unnecessary circles from being found, check that the calibration grid
is free of dirt and flaws. Laying out a plain sheet in the background is effective.
Also, make sure to cover the printed text on the calibration grid.
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1. FRAME SETTING

1.2.1.2

Editing the camera data

Open the camera data edit screen and configure settings to automatically measure the position information
of a calibration grid.

When the icon is shown for [1 2D Setup], [2 3D Setup], and [3 Parameters Setup] in the navigation
area, the setup is complete.

For details when using a fixed camera, refer to “Know-How: 2.2 3DV SENSOR MOUNTING POSITION

SETUP

WITH FIXED CAMERA,” or when using the robot-mounted camera, refer to “Know-How: 2.1

3DV SENSOR MOUNTING POSITION SETUP WITH ROBOT-MOUNTED CAMERA.” However, in
step “Setting the Parameters,” you must select [Measure automatically] from the [Cal. Grid Frame] drop-
down box.

1.2.1.3

Teaching start position

Teach the start position using the following procedure.

N =

iRVision Vision Setup - V_3DV_CAM

RPN

Measurement Start

Position Not Set

[ ——

Not Executed

000000000000
00000 ceo0cccooe
00000 oocoe
000000000000
eoeo0oo0oe0PPoceoccoceoe
o0 00000000
000000000000
0000006000000 0
00000 ceo0coccooe
eeeceececococee
000000000000

By

END EDIT

LK

SNAP+TEST

FIND TEST

Press [4 Fixture Pos. Setting] in the navigation area.
Press [LIVE].

The image being snapped by the camera is shown in real time.

3 Jog the robot so that the camera’s optical axis is approximately perpendicular to the plate surface of
the calibration grid and that all four of the 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.

#Nemo

For Automatic Grid Frame Set, measurement is performed by panning and
rotating the camera attached to the robot’s gripper or the calibration grid. It is
recommended that you set the field of view to something quite large in relation to
the calibration grid, so that the four large black circles will not be outside of the
field of view.

B-83914EN-3/04
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Camera field
of view

L

00000000000 OOO0
000000000 O0O0COC
000000000000
000000000 O0O0COC
000000000 O0O0CO
0000 0@oooocooooe
00000000000
000000000 O0O0CO
000000000 O0O0COC
000000000 O0OCOC
000000000 0O0COC
0000000000000

Camera field of view

Press [Record] in [Measurement Start Position]

The start position will be recorded, and [Start Position] changes to [Recorded].
To check the trained start position, press [Loc.] in [Measurement Start Position].
The value of each axis of the start position will appear, as shown below.

iRVision Vision Setup - V_3DV_CAM

Start position is as follow.

:  0.603 deg
: 24.670 deg
: 18.781 deg
:  0.000 deg
: -108.781 deg
: -0.603 deg

Press SHIFT + F4 to move to start position, or F5 to Cancel.

v x

MOVE TO CANCEL

To return to the previous menu, press [CANCEL].
When moving the robot to the taught start position, press [OK] while pressing the [SHIFT] key on the
teach pendant.
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1.2.1.4 Running measurement

Perform measurement as follows, using the taught start position as a reference.

1 Check that the robot is at the start position.
While holding down the [SHIFT] key on the teach pendant, press [EXECUTE] in [Measure Fixture
Position].
The robot will start the operation, and measurement will be executed. When the robot is in operation,
the menu switches, allowing you to check the image being measured in real time.

iRVision Vision Setup - V_3DV_CAM

0% KA

/\ CAUTION

1 The measurement will stop if you release the [SHIFT] key on the teach pendant
during measurement.

In such cases, redo the measurement. The measurement can be resumed from
where it was stopped.

2 Although the robot will perform the decided motion to some extent, depending on
the settings, it is possible that it will move with an unexpected motion range.
When executing measurement, check that the setup of parameters is correct,
and be careful to lower the override so that the robot will not interfere with
devices.

3 The robot may not be able to operate if other programs are in a paused state. In
such cases, press the [FCTN] key on the teach pendant and end the programs.

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.
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iRVision Vision Setup - V_3DV_CAM

Measurement has been completed successfully.

Number of steps of main measurement automatically
changed to reachable position: 7

Checking measurement result
When the measurement is completed, the settings of the calibration grid are shown on the screen. You can
check if there is a problem with the displayed settings using the following procedure.

1 Set the displayed position information to a frame number that has yet to be set.
When the calibration grid is robot-mounted, set the information to the tool frame.
When the calibration grid is fixed, set the information to the user frame.

#Memo
Set the displayed position information on the frame setting screen on the teach
pendant.

2 Switch to the frame set in step 1.
3 Set the manual feed frame to the frame set in step 1.
For a tool frame, press the [COORD] key and switch to [Tool].
For a user frame, press the [COORD] key and switch to [User].
4  Press the icon in the image display area on the camera data edit screen.
Press [LIVE] on the camera data edit screen.
Jog the robot around the WPR. There will be no problem unless the center position of the grid pattern
is significantly far from the center line of the image.

AN W

In the event of failure to measure
If the measurement fails, the screen returns to the camera data edit screen without displaying a message on
the completion of measurement.
Review the setting items, [1 2D Setup], [3 Parameter Setup], and [4 Cal. Grid Location] or the start position
and redo the measurement. For details, refer to the description of setting the fixture position (Measure
Automatically) in "iRVision OPERATOR'S MANUAL (Reference) B-83914EN".
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1.2.2 Setting Procedure Using iRVision Utilities Screen

Use the following setup procedure for the calibration grid frame setting function on the iR Vision Utilities
screen:

1. Mounting the calibration grid

ge

. Setting the Param eters

1

3. Teach the start position

.ge

4. Run measnrement

Setup flow

1.2.2.1 Mounting 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 the arm tooling
is used to measure the position of the calibration grid frame. The calibration 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 using a robot-mounted camera, the calibration grid frame
setting function can be performed with the camera currently used. When using a fixed camera, prepare
another camera for the calibration grid frame setting function.

#Memo
When you want to set the position information of a calibration grid to calibrate
the robot-mounted camera, the method to automatically measure the position
information on the camera data edit screen is convenient.
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Robot mounted-camera

User frame

Calibration gri \/

Example of a fixed calibration grid

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 calibration 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 tool
frame. The calibration grid frame setting function can be performed with the camera currently used. When
there is not enough space to perform the calibration grid frame setting function with the camera currently
used, prepare another fixed camera to make it possible to perform the calibration grid frame setting function.
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Tool frame

/

Example of a calibration grid attached to the robot hand

Make sure that the calibration grid is fixed securely so that it does not move during measurement.

#Memo
To prevent unnecessary circles from being found, check that the calibration grid
is free of dirt and flaws. Laying out a plain sheet in the background is effective.
Also, make sure to cover the printed text on the calibration grid.
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1.2.2.2 Setting parameters

Setup the parameters on the [{R Vision Utilities] screen of the teach pendant.

1 On the teach pendant, after selecting the [MENU] key — [iRVision], place the cursor over [Vision
Utilities] and press the [ENTER] key.
The [[RVision Utilities] screen will appear.

Vo

iRVision Utilities

1/2

D — il utomatic Grid Frame Set]

L V15100 LOYy mMmenu

DETAIL

2 Place the cursor over [Automatic Grid Frame Set] and press the [ENTER] key.
The [Grid Frame Set] screen will appear.

/o
iRVision/iRCalibration Utiliti
Grid Frame Set 1/8
1 Robot Group Number to Use:
2 Set UFrame or UTool?: UFRAME
3 User Frame Number to set: 1
4 Camera Name: EFIETEYENENENEY
5 Exposure Time: 15.00 ms
6 Start Position: Not Recorded
7 Grid Spacing: 15.0 mm

Setting Result
Focal Distance: *Ekkkkk

[ TYPE] DISP IMG LIVE FIND EXECUTE >

/A CAUTION
The Grid Frame Set menu cannot be opened in more than one window at a time.

The following items will appear on the [Grid Frame Set] screen.

[Robot Group Number to Use]

Specify the group number of the robot to be used for measurement.
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[Set UFrame or UTool?]
Select the frame to be set with the calibration grid frame setting function - user frame or tool frame. To set
the tool frame 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. The range of specifiable user frame numbers is 1 to 9. This
will only appear if [UFRAME] is selected in [Set UFrame or UTool?].

[Tool Frame Number to set]
Specify the number of the tool frame to be set. The range of specifiable tool frame numbers is 1 to 10. This
will only appear if [UTOOL] is selected for [Set UFrame or UTool?].

[Camera Name]
Select a camera to use in the measurement. Place the cursor over the line of [Camera Name], then press F4
[CHOICE], and a list of cameras will appear. By selecting from the list, specify the camera to use for the
measurement.

[Exposure Time]
Specify the exposure time for the camera to capture an image (Shutter speed). The larger the value, the
brighter the images that will be snapped.
Adjust the exposure time so that the black circles of the calibration grid are clearly visible.

[Start Position]
Teach the position where measurement is to be started. If the position has been taught already, [Recorded]
will appear, and if it hasn’t been, [Not Recorded] will appear.
In the case of [Not Recorded], measurement cannot be executed. Be sure you always teach the start position
before measurement.
For the procedure to teach the start position, refer to “Know-how: 1.2.1.3, Teaching start position.”

[Grid Spacing]

Set the grid spacing of the calibration grid in use.

[Setting Result]
This item is displayed when the measurement is complete. For details, refer to the description of checking
the measurement result in “/RVision OPERATOR’S MANUAL (Reference) B-83914EN.”

[Set Tool/lUser Frame for check]
This item can be set after the completion of measurement. It cannot be set when the measurement has not
been completed. For details, refer to the description of checking the measurement result in “/RVision
OPERATOR’S MANUAL (Reference) B-83914EN.”

F2 [DISP IMG]
Pressing F2 [DISP IMG] displays the Grid Frame Set screen and Vision Runtime screen as follows.
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/0 | T2 [l JOINT]
iRVision/iRCalibration Utiliti
Grid Frame Set

1 Robot Group Number to Use:
2 Set UFrame or UTocolz: TTOOL
3 Tool Frame Humbe H

5 Exposure Time:
6 Start Position:
7 Grid Spacing: 15.0 mm

Setting Result
Focal Distance: dekkdek e

mm
Scale: *kkE mm/pix
Mean Error: DTN e
Maximum Error: P N TS

& Set User frame for check: 1

>1: 30V/400 with LED light

[TYPE]  DISP IMG LIVE [CHOICE]  EXECUTE

F3 [LIVE]

A live image for the selected camera will appear on the Vision Runtime screen. When a live image appears,
it changes to F3 [STOPLIVE] and if F3 [STOPLIVE] is pressed, live image display will be stopped.

F4 [FIND]

Performs detection of a grid pattern. The detection result will be displayed on the Vision Runtime screen.

F7 [DEFAULT]

The set values will be changed to the initial values. [Camera Name] and [Start Position] will be returned to
their initial values so that you can set them again.

F8 [LED TYPE]

The setting screen for the LED light integrated in the camera package will be displayed. For details on LED

light setting, refer to the description of setting the LED light in “/RVision OPERATOR’S MANUAL
(Reference) B-83914EN.”

F9 [MOVE_LIM]

The robot moves during measurement of a calibration grid frame. A setting screen will appear to limit the
amount of such movement. For details on the move amount limit setting, refer to the description of setting
the moving limit in “/RVision OPERATOR’S MANUAL (Reference) B-83914EN.”
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1.2.2.3 Teaching start position

Teach the start position using the following procedure.

1

3

If Vision Runtime does not appear, press F2 [DISP IMG].

Place the cursor over [Start Position].

Jog the robot so that the camera’s optical axis is approximately perpendicular to the plate surface of
the calibration grid and that all four of the 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.

~Memo

For Automatic Grid Frame Set, measurement is performed by panning and
rotating the camera attached to the robot’s gripper or the calibration grid. It is
recommended that you set the field of view to something quite large in relation to
the calibration grid, so that the four large black circles will not be outside of the
field of view.

Camera field of view

L

Camera field of view

While holding down the [SHIFT] key, press F4 [RECORD].

The start position will be recorded, and [Start Position] changes to [Recorded].
To check the trained start position, press F3 [POSITION].

The value of each axis of the start position will appear, as shown below.

10

iRVision/iRCalibration Utiliti
Grid Frame Set

Start position
Jl: 0.603 deg J4: 0.000 deg
J2: 24.670 deg JS5: -108.781 deg
J3: 18.781 deg J6: -0.603 deg

[ TYPE ] RECORD MOVE TO
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6

To return to the previous menu, press the [PREV] key.
When moving the robot to the taught start position, press F5 [MOVE TO] while pressing the [SHIFT]
key.

1.2.2.4 Running measurement

Perform measurement as follows, using the taught start position as a reference.

AW N =

If Vision Runtime does not appear, press F2 [DISP IMG].

Check the parameter setup on the [Automatic Grid Frame Set] screen.

Check that the robot is at the start position.

While holding down the [SHIFT] key, press FS [EXECUTE].

The robot will start the operation, and measurement will be executed. A message saying ‘Now
executing’ will appear during the operation.

Busy Grid Frame Set(Main) Running[9,/9]

Run  1/O

iRVision/iRCalibration Utiliti iRVision Runtime
d Frame Set o

Now executing

/\ CAUTION
1 The measurement will stop if you release the [SHIFT] key during measurement.

In such cases, redo the measurement. The measurement can be resumed from
where it was stopped.

The measurement will stop if you perform an operation that moves to another
screen during measurement, such as pressing the [SELECT] key on the teach
pendant. In such cases, open the [Automatic Grid Frame Set] screen and redo
the measurement. The measurement can be resumed from where it was
stopped.

Although the robot will perform the decided motion to some extent, depending on
the settings, it is possible that it will move with an unexpected motion range.
When executing measurement, check that the setup of parameters is correct,
and be careful to lower the override so that the robot will not interfere with
devices.

The robot may not be able to operate if other programs are in a paused state. In
such cases, press the [FCTN] key and end the programs.
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When the measurement is successfully completed, a menu like the one shown below appears.
The robot stops after moving to a position where the camera directly faces the calibration grid and the

origin of the calibration grid comes to the center of the image.

Frame has been updated.
/o JOIN

iRVision/iRCalibration Utiliti 45 iR\vision Runtime
Grid Frame Set

Execution of Grid Frame Set
succeeded.

Number of steps of main measurement
sutomatically changed to reachable
position:

7

5 Ifyoupress F4 [OK], you will return to the Automatic Grid Frame Set screen.

Checking measurement result
The calibration grid frame will be set depending on the measurement. The set frame can be checked using
the following procedure.

1 Set the manual feed frame as the frame for automatic grid frame set.
For a tool frame, press the [COORD] key and switch to [Tool].
For a user frame, press the [COORD] key to switch to [User], and specify the tool frame number that
was specified in [Camera User Tool Number] in [Tool] under the jog menu, using the number keys.
2 Press F3 [LIVE] to start the display of a live image, and move the robot by jog operation around the
WPR of the selected tool frame. There will be no problem unless the center position of the grid pattern
is significantly far from the center line of the image.

B-83914EN-3/04
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In the event of failure to measure
If measurement fails, the following message will appear.

10

Calibration Utiliti
Frame Set

Execution of Grid Frame Set

was aborted.
Please fix the problem and run
Grid frame Set again.

If F4 [OK] is pressed, the screen will return to the original screen.
After changing the setup parameters, measurement can be redone by pressing F5 [EXECUTE] while
holding down the [SHIFT] key.
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2 3DV SENSOR DATA SETTING

This chapter explains the settings for 3DV Sensor Data.

Create 3DV Sensor Data and perform camera setup and mounting position setup. Mounting Position Setup
is the task of setting where the 3DV Sensor is installed as seen from the robot. Complete mounting position
setup before teaching a vision process. There are two mounting position setup methods for the 3DV Sensor.
This chapter explains them using the following system configuration.

e  “Know-How: 2.1 3DV SENSOR MOUNTING POSITION SETUP WITH ROBOT-MOUNTED
CAMERA”

e  “Know-How: 2.2 3DV SENSOR MOUNTING POSITION SETUP WITH FIXED CAMERA”

/AN CAUTION
The appropriate distance between a 3DV Sensor and the calibration grid is
dependent on the standoff distance of the 3DV Sensor.
In this chapter, 3DV/400, the standoff distance of which is about 800 mm is used
as an example for explanation.

2.1 3DV SENSOR MOUNTING POSITION SETUP WITH
ROBOT-MOUNTED CAMERA

To use the 3DV Sensor, mounting position setup using a calibration grid is required. When performing
mounting position setup, prepare a calibration grid in advance. You would usually use a calibration grid
that is bigger than the 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 a lens.

Calibration grid

It is not necessary to detect all the circles on the calibration grid. There are 11 x 11 circles in the standard
calibration grid of FANUC. If 7 x 7 circles can be detected, calibration is performed with high accuracy
(the four large circles need to be detected). There is no need to prepare a small calibration grid in order to
show all the circles in the field of view. In order to perform calibration with sufficient accuracy to the edge
of the field of view, even if there are fewer detectable circles, prepare a calibration grid that is bigger than
the field of view.

Use the following setup procedure for 3DV Sensor mounting position setup with a robot-mounted camera.

This section explains how to automatically measure the position information of a calibration grid as an
example.
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/A CAUTION

1 There are certain requirements for automatically measuring the position
information of a calibration grid. For details, refer to “Know-How: 1.2.1 Setting
Procedure Using Camera Data Edit Screen.”

2 30 mm calibration grid spacing is recommended when using 3DV/1600.

3 7.5 mm calibration grid spacing is recommended when using 3DV/70 or
3DV/200.

1. Editing 3DV Sensor Data

2. 2D Setup

w

. 3D Setup

A @A

4. Parameter Setup

-

5. Fixture Position Setup

-

»

. Mounting Position Setup

-

~

. Checking Mounting Position Setup Result

Setup flow of the 3DV Sensor data

211 Editing 3DV Sensor Data

Open the 3DV Sensor Data edit screen.
This system has pre-installed sample 3DV Sensor Data. The following explains the procedure for editing
the settings based on that sample.

1 Place the calibration grid within the 3DV Sensor’s field of view.

/A CAUTION
The robot moves during automatic measurement of the calibration grid position.
Do not place the calibration grid too close to the robot. Basically, place the
calibration grid on the offset plane.

2 Select “V_3DV_CAM?” in the [Camera Data] category on the vision data list screen.
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3  Click [EDIT].
The camera data edit screen appears.

iRVision Vision Setup
Comment Created Modified 2
Camera Data (1)

M v_3Dv_CcAM Sample 3DV Sensor Data 3DV Sensor 17-DEC-2019 12:02:18 17-DEC-2019 12:02:18
Vision Process Tools (1)
HVﬁSDVﬁSAMPLE Sample Vision Process for 3DV Sensor 3DV Single-View Vis. Proc 17-DEC-2019 12:02:42 17-DEC-2019 12:08:02 1379
3 : B ]

FILTER DELETE

2.1.2 2D Setup

Set up the conditions for snapping 2D images.

1 Click [1 2D Setup] in the navigation area.
The following screen appears.

iRVision Vision Setup - V_3DV_CAM

2D Setup 3D Setup Parameters 1
Setup
[ =] s0% K2 =l

Channel 1: 3DV/400 with LED light [ es— 2
Robot-Mounted [CI™ N O —— 3

Robot Holding Sen. This Robot B Group 1 B8
lAuto Brightness 12 Enable V] — /]

e0e000000000 LED Type None [

LU S position Setting ves 5

| 2

SAVE END EDIT

2 Select a camera from the [Channel] drop-down box.
When the 3DV Sensor to be used is selected, the 3DV Sensor automatically snaps an image, and the
image appears in the image view area.
3 Select the 3DV Sensor mounting method.
If the 3DV Sensor is attached to the robot end of arm tooling, select [Yes] for [Robot-Mounted].
4 Check [Enable] for [Auto Brightness].
The 3DV Sensor can use the HDR function to automatically adjust the snap brightness. For details
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such as precautions for automatic adjustment, refer to the description of automatic brightness
adjustment in “/RVision OPERATOR’S MANUAL (Reference) B-83914EN”.

If the calibration grid appears on the image display view as shown below, detection of the calibration
grid and calibration will be performed normally.

Example of an appropriate image

If the calibration grid appears on the image display view as shown below, there will be a problem in
detection of the calibration grid and calibration.

Too dark Too light

Examples of inappropriate images

#Memo
If a well exposed image like the one above is not obtained using the automatic
brightness adjustment of the HDR function, uncheck [Enable] for [Auto
Brightness], and then adjust the exposure time in [Exposure Time (2D)] that is
displayed. Adjust until the dots of the calibration grid are clearly visible. If the
image is too dark, increase the exposure time (make the value bigger). On the
other hand, if the image is too light, decrease the exposure time (make the value
smaller). Each time you change the exposure time, an image snapped with the
changed exposure time is displayed.

5  Select [Yes] for the [Position Setting] drop-down box.
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2.1.3 3D Setup

Set up the conditions for snapping depth images. -
2

1 Click [2 3D Setup] in the navigation area.
The following screen appears.

iRVision Vision Setup - V_3DV_CAM

[ |

2D Setup 3D Setup Paramete:
Setup
= sov K2} =N 2
Snap Mode

Multi(normal) B2

[Exposure Time(3D) 20.000| ms
Projector Intensity 16
Noise Removal Level [ ¥]

Color Mode color K2
Depth Range - mm

=3 o} i =

LIVE SNAP SAVE END EDIT

2 Click IEER to switch to the advanced mode.

Set [Multi(normal)] from the [Snap Mode] drop-down box.

4 Adjust values of [Exposure Time (3D)] and [Projector Intensity] so that the depth data cannot be
measured (the area displayed in black) decreases.

W

#Memo
Because of its structure, the 3DV Sensor cannot measure the depth at the right
edge of the sensor’s field of view. For this reason, the right edge of the sensor’s
field of view may remain a black area. For details, refer to the description of 3DV
sensor in “iIRVision OPERATOR’S MANUAL (Reference) B-83914EN.”
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2.1.4 Parameter Setup

Set the grid spacing of the calibration grid and placement information.

1 Click [3 Parameters Setup] in the navigation area.
The screen to make settings such as the grid spacing of the calibration grid appears.

iRVision Vision Setup - V_3DV_CAM

1@«“ ! |

2D Setup 3D Setup Parameters Fixture Pos.

Setup Setting

[ =] i so% K2 =l =
Grid Spacing 15.0mm E2 2
Robot-Held Cal. Grid  No [l 3
;Z?;I"Q% Fixture Pos. Iy oasure automatically 5 4

000000000000
600000000000
00000000000
e00000000000
e00ece0co0o00o000
s00000@oeoocoe
e0o0oco0o0Poooco

LN ¥ NN NN )
eeceececcccce
e0eo0cececcce
0000000000
eeocec0ccocccoe
00000 e0ccco

e} | =

SNAP SAVE END EDIT

2 From the [Grid Spacing] drop-down box, select the grid spacing for the calibration grid.
3 Select [No] from the [Robot-Held Cal. Grid] drop-down box.
4 Select [Measure automatically] from the [Setting Fixture Pos. Method] drop-down box.
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2.1.5 Fixture Position Setup

Automatically measure and set the calibration grid.
For details, refer to “Know-How: 1.2.1 Setting Procedure Using Camera Data Edit Screen.”

1 Click [4 Fixture Pos. Setting] in the navigation area.
The calibration grid position setting screen will appear.

iRVision Vision Setup - V_3DV_CAM

2D Setup 3D Setup Parameters [| Fixture Pos.
Setup Setting

B

Measurement Start

Position RSt

Not Executed

Measure Fixture
Position

o) & @ | B

SNAP FIND TEST SNAP+TEST END EDIT

2 Jog the robot to the start position for automatic measurement.

Set the distance at which the center of the sensor faces that of the calibration grid almost directly as

the measurement start position.
3 Click the [Record] button in [Measurement Start Position].
[Set] appears in [Measurement Start Position].

4 While holding down the [SHIFT] key on the teach pendant, click the [Excute] button in [Measure

Fixture Position].

When the measurement is successfully completed, a message on successful completion is displayed

in a pop-up window.

5  Check if there is a problem with the position information displayed in [Position of Cal. Grid Relative

to App. UFrame].

/A CAUTION
From this point forward, do not move the calibration grid until the mounting
position setup is complete.

B-83914EN-3/04
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Setup

2.1.6

Mounting Position Setup

Detect the calibration grid and measure the 3DV Sensor mounting position.

When using the robot-mounted camera, after 3DV Sensor Data is created with the mounting position setup,
another 3DV Sensor Data does not need to be created even if the camera measurement position is changed.

This is because iRVision uses the current robot position when calculating the position of the part.

Mounting position setup procedure
The mounting position setup procedure is as follows.

1 Click [5 Mounting Pos. Setup] in the navigation area.
The mounting position setup screen appears.

iRVision Vision Setup - V_3DV_CAM

T4 . B M , B v
ﬁ §
2D Setup 3D Setup Parameters  Fixture Pos.

=)

Mounting

Setup Setting Pos. Setup
= A
Find Grid Pattern Not Found [IEEEIN
Position of Cal. Grid Relative to App. UFrame
X 19754 Y 0.0 Z 129.8
w00 P 0.0 R 0.0
Mean error value mm

[
L[]
[ ]
L]
L]
(]
[ ]
()
L]
L]
[ ]
L]
L]

2 Click the [Find] button in [Find Grid Pattern].

The following screen appears.

L) Nl
UNDO RESET

iRVision Vision Setup - V_3DV_CAM

Maximum error value  mm
Grid Spacing mm
Position of Sensor Relative to Cal. Grid

w P R
Position of Robot Holding Sensor
X Y z
w P R

M Ey

SAVE END EDIT

50% KA

‘ CANCEL

4
oK

178

B-83914EN-3/04



Know-How 2. 3DV SENSOR DATA SETTING

3 Teach the search window to enclose only the perfect circles on the calibration grid.
When the area outside the calibration grid is included in the search range, a circle detection error may
occur. Therefore, teach the search window to enclose only the calibration grid. Also, if the grid pattern
does not fit in the camera FOV, do not allow imperfect circles around the circumference of the camera
FOV to be included within the search range.

4  Click [OK].
Check that all circles are detected in the snap view area. If the detection is successful, [Find Grid
Pattern] shows [Found].

21.7 Checking Mounting Position Setup Result

Check the calculated mounting position setup result.

Find Grid Pattern Found

Position of Cal. Grid Relative to App. UFrame

X 19754 Y 00 Z 129.8
w 0.0 P -0.0 R 0.0
Mean error value 0.982 mm

Maximum error value 1936 mm

Grid Spacing 15.244 mm
Position of Sensor Relative to Cal. Grid
X 03 Y -180 Z 808.4
w -0.0 P 0.0 R -0.0
Position of Robot Holding Sensor
X 1880.0 Y 0.0 Z 852.0
w 180.0 P 0.0 R 0.0

1 Check the calculated mounting position.
e  Check that [Mean error value] is 1.0 mm or less.
e  Check that [Maximum error value] is 3.0 mm or less.
e  Check that the value of [Grid Spacing] is close to the value of the selected [Grid Spacing].
e  Check that there is no red crosshair (+) on the image display view.
If the values etc. is not appropriate, perform the mounting position setup again.

#Memo

1 In case of 3DV/70 or 3DV/200, on the image display view, the grids with an error
of more 0.5 mm are displayed in yellow crosshairs (+). The grids with an error of
more 1 mm are displayed in red crosshairs (+).

2 In case of 3DV/400, 3DV/600 or 3DV/1600, on the image display view, the grids
with an error of more 1 mm are displayed in yellow crosshairs (+). The grids with
an error of more 3 mm are displayed in red crosshairs (+).

2 Click [SAVE] to save the setting, and then click [END EDIT] to close the 3DV Sensor Data edit screen.
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2.2 3DV SENSOR MOUNTING POSITION SETUP WITH FIXED
CAMERA

To use the 3DV Sensor, mounting position setup using a calibration grid is required. When performing
mounting position setup, prepare a calibration grid in advance. You would usually use a calibration grid
that is bigger than the 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 a lens.

Calibration grid

It is not necessary to detect all the circles on the calibration grid. There are 11 x 11 circles in the standard
calibration grid of FANUC. If 7 x 7 circles can be detected, calibration is performed with high accuracy
(the four large circles need to be detected). There is no need to prepare a small calibration grid in order to
show all the circles in the field of view. In order to perform calibration with sufficient accuracy to the edge
of the field of view, even if there are fewer detectable circles, prepare a calibration grid that is bigger than
the field of view.

Use the following setup procedure for 3DV Sensor mounting position setup with a fixed camera.

/A CAUTION
1 30 mm calibration grid spacing is recommended when using 3DV/1600.
2 7.5 mm calibration grid spacing is recommended when using 3DV/70 or

3DV/200.
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. Editing 3DV Sensor Data

<
. 2D Setup

<>
. 3D Setup

<
. Parameter Setup

<

. Fixture Position Setu

©

-

. Mounting Position Setup

-

. Checking Mounting Position Setup Result

Setup flow of the 3DV Sensor data
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2.2.1 Editing 3DV Sensor Data

Open the 3DV Sensor Data edit screen.
This system has pre-installed sample 3DV Sensor Data. The following explains the procedure for editing
the settings based on that sample.

1 Place the calibration grid so that it faces the 3DV Sensor at a distance of about 800 mm within the
3DV Sensor’s field of view.

2 Select “V_3DV_CAM?” in the [Camera Data] category on the vision data list screen.

3 Click [EDIT].
The camera data edit screen appears.

iRVision Vision Setup

FILTER DELETE

Name Comment Created Modified
Camera Data (1)
M v_3DV_CAM Sample 3DV Sensor Data 3DV Sensor 17-DEC-2019 12:02:18  17-DEC-2019 12:02:18
Vision Process Tools (1)
EVﬁSDVﬁSAMPLE Sample Vision Process for 3DV Sensor 3DV Single-View Vis. Proc 17-DEC-2019 12:02:42  17-DEC-2019 12:08:02 1379
3 =¥ | ¥ E @
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2.2.2 2D Setup

Set up the conditions for snapping 2D images.
1 Click [1 2D Setup] in the navigation area.
The following screen appears.

iRVision Vision Setup - V_3DV CAM
1 m v 2 m v
1
2D Setup 3D Setup Parameters
Setup
EIF:NEA Y s0% K| IEN
Channel 1: 3DV/400 with LED light [ e
Robot-Mounted e
|Auto Brightness Enable M —
® ®© 000000 06 0 0 LED Type® None K
o0 000 0O0OBOG®EO®E® Position Setting Yes [ 5
oo 000 @PPoooo o
e o000 o0@ooeoooo
o0 00000 o
® © 00000 0 00
® ®© 00000 0 0 O
@ 00000 00 0 0 0
® ®© 000000 0 0 O
iCTH rpy)
% e} | =
LIVE SNAP SAVE END EDIT

2 Select a camera from the [Channel] drop-down box.
When the 3DV Sensor to be used is selected, the 3DV Sensor automatically snaps an image, and the
image appears in the image view area.

3 Select the 3DV Sensor mounting method.
If the 3DV Sensor is fixed, select [No] for [Robot-Mounted].

4 Check [Enable] for [Auto Brightness].
The 3DV Sensor can use the HDR function to automatically adjust the snap brightness. For details
such as precautions for automatic adjustment, refer to the description of automatic brightness
adjustment in “iRVision OPERATOR’S MANUAL (Reference) B-83914EN”.
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If the calibration grid appears on the image display view as shown below, detection of the calibration
grid and calibration will be performed normally.

Example of an appropriate image

If the calibration grid appears on the image display view as shown below, there will be a problem in
detection of the calibration grid and calibration.

® & & o o o

e o 0o 0 o

Too dark Too light

Examples of inappropriate images

#Memo
If a well exposed image like the one above is not obtained using the automatic
brightness adjustment of the HDR function, uncheck [Enable] for [Auto
Brightness], and then adjust the exposure time in [Exposure Time (2D)] that is
displayed. Adjust until the dots of the calibration grid are clearly visible. If the
image is too dark, increase the exposure time (make the value bigger). On the
other hand, if the image is too light, decrease the exposure time (make the value
smaller). Each time you change the exposure time, an image snapped with the
changed exposure time is displayed.

5  Select [Yes] for the [Position Setting] drop-down box.
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2.2.3 3D Setup

Set up the conditions for snapping depth images. -
2

1 Click [2 3D Setup] in the navigation area.
The following screen appears.

iRVision Vision Setup - V_3DV_CAM

i 1

2D Setup 3D Setup Parameters

= 50% K @ El—2

Snap Mode Multi(normal) K2
Exposure Time(3D) 20.000| ms
Projector Intensity 16
Noise Removal Level [ ¥]

Color Mode color 2

Depth Range - mm

=3 o (i =

LIVE SNAP SAVE END EDIT

2 Click IEER to switch to the advanced mode.

Set [Multi(normal)] from the [Snap Mode] drop-down box.

4 Adjust values of [Exposure Time (3D)] and [Projector Intensity] so that the depth data cannot be
measured (the area displayed in black) decreases.

W

#Memo
Because of its structure, the 3DV Sensor cannot measure the depth at the right
edge of the sensor’s field of view. For this reason, the right edge of the sensor’s
field of view may remain a black area. For details, refer to the description of 3DV
sensor in “iIRVision OPERATOR’S MANUAL (Reference) B-83914EN.”
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2.24 Parameter Setup

Set the grid spacing of the calibration grid and placement information.

1 Click [3 Parameters Setup] in the navigation area.
The screen to make settings such as the grid spacing of the calibration grid appears.

iRVision Vision Setup - V_3DV_CAM
B
1
2D Setup 3D Setup arameters
B so% K2[ =l =
Grid Spacing 15.0mim [ e— 2
Robot-Held Cal. Grid | No [ e—
Setting Fixture Pos. Use Frame_ 4
® 0 060000 0 00 Method
® 0 060606 000 00
' ENENEY FEXNENNX)
o000 0@oeo oo oo
'HENY Y ENXNNN)
® 0 06060600 0 00
® 000000 0 0 O
® 0 060000 000
® 0000000 0 0 0
md ey
=5 e} | =
LIVE SNAP SAVE END EDIT

2 From the [Grid Spacing] drop-down box, select the grid spacing for the calibration grid.
3 Select [No] from the [Robot-Held Cal. Grid] drop-down box.
4 Select [Use Frame] from the [Setting Fixture Pos. Method] drop-down box.

#Memo
When the calibration grid is mounted to the gripper, select [Yes] from the [Robot-
Held Cal. Grid] drop-down box. In this case, if you select [Measure automatically]
from the [Measure Fixtures Position] drop-down box, the settings of the
calibration grid can be measured automatically. For details, refer to “Know-How:
1.2.1 Frame Setting With Grid Frame Setting Function.”
When the calibration grid is fixed, automatic measurement is not available. In
this section, it is assumed that the calibration grid is fixed.
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2.2.5 Fixture Position Setup

Set the calibration grid position to camera data.

1 Click [4 Fixture Pos. Setting] in the navigation area.
The calibration grid position setting screen will appear.

D A
: : 1
2D Setup 3D Setup Parameters Fixture Po: Mounting
Setup Setting Pos. Setup
ErEEava s0% KA =0 &
cal. Grid Frame UF|2: Gridattern [— ")
Fixture Position Status Set 3
Position of Cal. Grid Relative to App. UFrame
........... X 20000 Y 00 Z 45.0
w 00 P 00 R 0.0
00000 0 0 00
'FENNEY FEXEKX]
o000 0Pooo oo
'EFENY Y FENN N
® 000000 0 00O
@0 000 0 0 0 0O
® 000000 0 00O
® @ 00000 0 0 0 0
[r ]
ot o | =
LIVE SNAP SAVE END EDIT

2 From the [Cal. Grid Frame] drop-down box, select the number of the user frame in which the
calibration grid installation information was recorded.
In order to set up the user frame for the calibration grid, refer to “Know-How: 1.2 FRAME SETTING
WITH GRID FRAME SETTING FUNCTION.”

/A CAUTION
From this point forward, do not move the calibration grid until the mounting
position setup is complete.

#Memo
Note that the frame for installation information of the calibration grid is different
from [Application Frame] and [Offset Frame].

3 Click the [Set] button of [Fixture Position Status].
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2.2.6 Mounting Position Setup

Detect the calibration grid and measure the 3DV Sensor mounting position.

Mounting position setup procedure
The mounting position setup procedure is as follows.

1 Select [5 Mounting Pos. Setup] in the navigation area.
The mounting position setup screen appears.

iRVision Vision Setup - V_3DV_CAM
= 1
2D Setup 3D Setup Parameters  Fixture Pos. | Mounting
Setup Setting Pos. Setup
RrEEIra s0% K2 EW
Find Grid Pattern Not Found
Position of Cal. Grid Relative to App. UFrame
X 2000.0 Y 00 Z 45.0
® © O ¢ ¢ © @ 0 ¢ O w 00 P 00 R 0.0
Mean error value mm
. . . . . . . . . . . Maximum error value mm
o 00 0 0 ‘ 'Y XX Grid Spacing mm
Position of Sensor Relative to Cal. Grid
o000 o00@@oeo oo oo 3 i 2
o0 0 00Q0c o000 oo
o 000 060 00 00
® 0606060 00 00
0060 060 00 00
o 0060 00 00 00
[}
o o} M B
LIVE SNAP SAVE END EDIT

Moving the calibration grid to an appropriate position
When the setting of 3DV Sensor described so far is completed, move the calibration grid to an appropriate
position by following the steps below to perform mounting position setup.

iRVision Vision Setup - V_3DV_CAM

2D Setup 3D Setup Parameters Fixture Pos. Mounting
Setup Setting Pos. Setup

s0% K2l =l

Find Grid Pattern Not Found I A—— ]

Position of Cal. Grid Relative to App. UFrame

X 2000.0 Y 00 Z 45.0
w 00 P 0.0 R 0.0
Mean error value mm

Maximum error value mm

Grid Spacing mm
Position of Sensor Relative to Cal. Grid
X Y z
w P R
2 ) =

END EDIT
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1

4

Click the button.

A vertical line and a horizontal line appear in the image view area to indicate the center of the image.
Based on these lines, the calibration grid can be aligned with the center of the image.

Click [LIVE].

The live image of the selected camera appears in the image view area.

Move the calibration grid so that the center of the calibration grid is almost at the center of the image
view area.

The bottom surface of the camera of the 3DV Sensor faces the calibration grid almost straight with a
distance of about 800 mm. Jog the robot in the XY direction of the calibration grid so that the center
of the calibration grid is almost at the center of the image view area. Next, move the calibration grid
so that the center of the calibration grid is almost at the center of the image view area.

Click the [Find] button in [Find Grid Pattern].

Executing the mounting position setup

iRVision Vision Setup - V_3DV_CAM

50% K2
[ | L |
o000 0000 00
oo 0000 00O0CO0OCC
o000 0@o o o oo
o000 0o oo oo
oo ¢ 0 9@ © 0 0 ong
e 0o 0000000 00
e o0 00000000
e 0o00 0000 OCOC
000009000000

CANCEL

Teach the search window to enclose only the perfect circles on the calibration grid.

When the area outside the calibration grid is included in the search range, a circle detection error may
occur. Therefore, teach the search window to enclose only the calibration grid. Also, if the grid pattern
does not fit in the camera FOV, do not allow imperfect circles around the circumference of the camera
FOV to be included within the search range.

Click [OK].

Check that all circles are detected in the snap view area. If the detection is successful, [Find Grid
Pattern] shows [Found].
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2.2.7 Checking Mounting Position Setup Result

Check the calculated mounting position setup result.

Find Grid Pattern Found

Position of Cal. Grid Relative to App. UFrame

X 20000 Y 00 Z 45.0
w 00 P 0.0 R 0.0
Mean error value 0.992 mm

Maximum error value 1.973 mm

Grid Spacing 15.246 mm
Position of Sensor Relative to Cal. Grid
X 03 Y -178 7 800.4
W 0.0 P 0.0 R -0.0

1 Check the calculated mounting position.
o  Check that [Mean error value] is 1.0 mm or less.
e  Check that [Maximum error value] is 3.0 mm or less.
e Check that the value of [Grid Spacing] is close to the value of the selected [Grid Spacing].
e Check that there is no red crosshair (+) on the image display view.
If the values etc. are not appropriate, perform the mounting position setup again.

#*Memo

1 In case of 3DV/70 or 3DV/200, on the image display view, the grids with an error
of more 0.5 mm are displayed in yellow crosshairs (+). The grids with an error of
more 1 mm are displayed in red crosshairs (+).

2 In case of 3DV/400, 3DV/600 or 3DV/1600, on the image display view, the grids
with an error of more 1 mm are displayed in yellow crosshairs (+). The grids with
an error of more 3 mm are displayed in red crosshairs (+).

2 Click [SAVE] to save the setting, and then click [END EDIT] to close the 3DV Sensor Data edit screen.
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3 EXAMPLE OF SETTING ACCORDING TO
USAGE

This chapter explains examples of settings according to usage of 3DV Sensor.

3.1 SENSOR

3.1.1 Improving Detection Performance

The accuracy of 3D points and 2D images measured by 3DV Sensor is higher the closer the standoff of the
3DV Sensor is to the focus position of the camera in the 3DV Sensor. Detection Performance may be
improved by adjusting the layout so that the distance between the 3DV Sensor and the part is close to the
focus position.
The focus position of the 3DV sensor is as follows.

e 3DV/70: 191mm
3DV/200: 395mm
3DV/400: 800mm
3DV/600: 1615mm
3DV/1600: 2240mm

3.2 ROBOT-MOUNTED CAMERA

3.2.1 Moving Search Window of 3D Command Tool with Robot-
Mounted Camera According to Robot’s Snap Position

The search window of the 3D command tool is set on the frame used for detection. The frame used for
detection is the camera frame when [Camera Base Find] is valid, and is the offset frame otherwise. If
[Camera Base Find] is invalid with a robot-mounted camera and the search window of the 3D command
tool is used, the search window may be out of the view area when the robot’s snap position changes, and
the part cannot be detected at all.

To move the search window of the 3D command tool according to the snap position of the robot, use
[Camera Base Find].

The setting procedure of the example using the 3D Blob Locator Tool is explained below.

1 Create 3DV Single-View Vision Process and click the [Edit] button to open the setup screen.
Set [3DV Sensor] and [Offset Frame].

Switch to the advanced mode and check the checkbox of [Camera Base Find].

Select [3D Blob Locator Tool] in the tree view and set [Search Window].

ESNVS I \S)
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Move the robot I

to the right.

The search window moves
according to the robot motion.

3.2.2 Fixing Search Window of 3D Command Tool with Robot-
Mounted Camera Regardless of Robot’s Snap Position

The search window of the 3D command tool is set on the frame used for detection. The frame used for
detection is the camera frame when [Camera Base Find] is valid, and is the offset frame otherwise. When
the area to be detected is fixed on the world frame, detection can be performed regardless of the snap
position of the robot by disabling [Camera Base Find].

The setting procedure of the example using the 3D Blob Locator Tool is explained below.

1 Create 3DV Single-View Vision Process and click the [Edit] button to open the setup screen.
2 Set [3DV Sensor] and [Offset Frame].

3 Switch to the advanced mode and uncheck the checkbox of [Camera Base Find].

4 Select [3D Blob Locator Tool] in the tree view and set [Search Window].

)

ove the robot
to the right.

£
i
i
£
i
|lla
¥
§
&

The search window is
fixed to the container.
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3.3 3DV SENSOR STITCHING

3DV Sensor stitching is a vision process that offsets the robot motion by integrating depth images measured
by multiple 3DV Sensors or at multiple measurement positions and use them as a single depth image to
detect position and posture of the part in 3D. With this vision process, 3D fixed offset and bin picking can
be performed.

Although the system setup procedure is similar to that for the “3DV Single-View Vision Process”, it is
necessary to configure the setting to obtain the snapped depth images from multiple camera views and to
teach a command tool to integrate depth images. For details, refer to the description of 3DV Stitching Vision
Process in “iRVision OPERATOR’S MANUAL (Reference) B-83914EN.”

This section explains how to perform 3D fixed offset for a large part by snapping multiple camera views
with a single 3DV Sensor mounted to the robot as an example.
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3.3.1 Setting up Vision Process

Create and set a “3DV Sensor Stitching” vision process.

3.3.1.1 Creating vision process

Create a vision process and open the edit screen.

1 Click [CREATE] on the vision data list screen.
2 Click the type of vision data to create.
Select [3DV Stitching Vision Process] in [Vision Process Tools].

iRVision Vision Setup

Create new vision data

The name must start with a letter

— *
3 Name' | \V:i*?\"<>|-, and be 34 charactel

Comment ‘

Type ’ﬁ 3DV Stitching Vision Process ‘

¥ Camera Data The Vision Process can expand FOV of 3DV Sensor by measuring
by multiple 3DV Sensors or from multiple measuring positions. It
KX 2D Ccamera can also interpolates unmeasured points by other measurements

measured by other 3DV Sensors or from other measurement
M 3DV Sensor positions.

) —— DV Stitching Vision Process.

-D Multi-View Vision Process

epalletizing Vision Process

2 2D Calibration-free VisProc

v
g Frame Vision Proce

. 5
3 Floatip

CANCEL

3 In[Name], enter the name of the vision process you are going to create.
The name can be up to 34 alphanumeric characters in length. The name must not contain spaces or
symbols other than underscores, and must start with a letter.
In [Comment], enter any character string providing additional information about the vision data if
necessary. The comment can be up to 50 one-byte or 25 two-byte characters.

4  Click [OK].
A new vision process is created.

5 When the screen returns to the vision data list screen, select the created vision process and click [Edit].

/A CAUTION
The following names are not usable as the name of the vision data:
CON, PRN, AUX, NUL, COM1, COM2, COM3, COM4, COM5, COM6, COM?,
COMS8, COM9, LPT1, LPT2, LPT3, LPT4, LPT5, LPT6, LPT7, LPT8, LPT9.
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3.3.1.2 Setting parameters of vision process

iRVision Vision Setup - PROG

5 EE 100% K2 =

5l camera view 1 @

Depth Snap Tool 1 [l
v E Camera View 2 [

Depth Snap Tool 2 [l
E Stitching 1
[ 3D Data Generator Tool 1
| e |

v

IApplication Fixed Frame Offset [l —,J-
Offset Frame 1 UF |1: UFrame1 [ me—
Camera Installation® | All Robot-Mounted [ se—
Save Image Register L
Stitching Mode FOV Expansion K2

Image Size [pix] % 368x316 [ L

Image Display Mode 2D Image + Result 52

Show Discarded O

Image Logging Mode  Log Failed Tmages & v
[Time to Find  ms [ x [ v [ z [ w [ P [ R | ModellD [ _ Score ]

Found

Discarded
Num.

() LA w E]) | M B3

SNAP+FIND CONT S+F Stitch PLAYBACK END EDIT

1 Select [Fixed Frame Offset] from the [Application] drop-down box.
Set the user frame that you want to use as the base for offset calculation from the [Offset Frame] drop-
down box.

3 Select [All Robot-Mounted] from the [Camera Installation] drop-down box.

4 Select [FOV Expansion] from the [Stitching Mode] drop-down box.

3.3.1.3 Camera View 1 setup

Select [Camera View 1] in the tree view, and then set each item.

iRVision Vision Setup - PROG

= 100% K2 B=N o Kl
¥ [ 3DV stitching Vision Process [ A

@ Camera View 1 ¥

i} Depth Snap Tool 1
v [ camera view 2
Depth Snap Tool 2 [l
E Stitching 1

[ 30 Data Generator Tool 1
=

3DV Sensor V_3DV_CAM [ ] 2
[Type of Camera: Robot-Mounted
Image Register 1K

Image Display Mode® 2D Image + Stitch Results n

[Time to Find 1352ms

3 0 | sl M B

PLAYBACK END EDIT

1 Jog the robot so that the field that you want to include in the first camera view is within the sensor’s
field of view.

2 Select the sensor data to use from the [3DV Sensor] drop-down box.
When sensor data is selected, a depth image is snapped.
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< Memo
In the setup example in this section, all the sensor data selected for the camera
view must be that from a sensor mounted to the robot. Specifically, it is the
sensor data for which [Yes] is selected for [Robot-Mounted].

3 To adjust the snapping position, jog the robot and click [SNAP] again.
At this point, there is only one snapped depth image and so only the depth image of camera view 1 is
shown in the image display area.

3.3.1.4 Camera View 2 setup

Select [Camera View 2] in the tree view, and then set each item.

iRVision Vision Setup - PROG
3 ] | o |
¥ [ 3DV stitching Vision Process A
v E Camera View 1
L.} Depth Snap Tool 1

mera View 2 ¢
Depth Snap Tool 2
E Stitching 1

n 3D Data Generator Tool 1
> -

3DV Sensor V_3DV_CAM [ 2
[Type of Camera: Robot-Mounted

Image Register F-]

Image Display Mode® 2D Image + Stitch Results n

[Time to Find  1281ms

3 : ] | i =

PLAYBACK END EDIT

1 Jog the robot so that the field that you want to include in the second camera view is within the sensor’s
field of view.
2 Select the sensor data to use from the [3DV Sensor] drop-down box.

~Memo
In the setup example in this section, all the sensor data selected for the camera
view must be that from a sensor mounted to the robot. In the setup example in
this section, since multiple camera views are snapped with a single 3DV Sensor,
select the same sensor data used for Camera View 1.

3 To adjust the snapping position, jog the robot and click [SNAP] again.
The depth image snapped by camera view 2 is shown on the left of the image display area. Although
a stitched image is shown on the right of the image display area, it will not be a correctly stitched
image until the range of stitching, which is explained in the next section, has been set.
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3.3.1.5 Setting Stitching

Select [Stitching 1] in the tree view, and then set each item.

iRVision Vision Setup - PROG
£ 100% 2 = & 80y
v [ 3DV stitching Vision Process N
v E Camera View 1
Depth Snap Tool 1
v [ camera view 2
Depth Snap Tool 2

2% stitching 1 ¥

[ 30 Data Generator Tool 1
= —

Stitching Mede  : FOV Expansion
Stitching Range @ @UF 1

1
boution mm

rotion mm

Length of X mm

Meas. Z Range - mm

Color Mode Grayscale K1

[Time to Find 14ms

END EDIT

1 Click [Calc Auto].
The stitching range in the green border section is automatically calculated.
When [FOV Expansion] is set for [Stitching Mode], a stitching range is calculated in a way the field

of view of all camera views will be included.
2 Click [Stitch].

< Memo
When you click [SNAP] here, a depth image is snapped at the current robot
gripper position and the snapped image is reflected to all camera views. In such
a case, redo snapping with each camera view.

3 Check stitching results.
Adjust parameters as necessary.
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3.3.1.6 Setting reference position

Here, place a part on a reference position, run a test and set the detection result as the reference position
XYZWPR.

When the vision process is performed after the setting, the vision process calculates the offset data by
comparing the actual position where the part is detected against the reference position.

Select [Offset data Calculation Tool] in the tree view, and then set each item.

iRVision Vision Setup - PROG

& 100% K2 = 5 =B B
v E 3DV Stitching Vision Process
> E Camera View 1
» [ camera view 2
E Stitching 1

[ 3D Data Generator Tool 1
3D Blob Locator Tool 1

#%: Offset data Calculation Tool v

¥

i
Reference Data
Ref. Pos. Status Set Set — 2
Reference XYZ 497.6|| 5018 mm

o

Reference WPR

[Time to Find  2ms lx [ v [z [ w [ p [ R [ ModellD [ _Score ]
0.0 0.0

Found 1 1 497.6 501.8 19.8 0.0

Discarded
Num.

0

M)
LHJ

SNAP+FIND

) |

PLAYBACK

&

CONT S+F

Click [SNAP] to find the part.
Check that the part has been found correctly, and click the [Set] button of [Ref. Pos. Status].
3 Click [SAVE] and then [END EDIT].

N —

/N CAUTION
From this point forward, do not move the part until teaching of the robot motion
when the part is placed at the reference position is finished in the TP program.

3.3.2 TP Program

The TP instruction, [VISION RUN_ FIND] and KAREL programs, [[RVSNAP.KL] and [IRVFIND.KL]
are not supported. Use KAREL processes, [IRVSTSNAP.KL] and [IRVSTRUNFIND.KL], instead.

! Snap by Camera Viewl and store snapped depth image
! in the image register which is selected in the setup page.

J PR[2:cameraview1] 60% FINE
: CALL IRVSTSNAP("Vision Process"="Prog/,
"Camera View"=1)

6:
7: ! Snap by Camera View2 and store snapped depth image

8: ! !'in the image register which is selected in the setup page.
9.

0

1

: JPR[3:cameraview2] 60% FINE
: CALL IRVSTSNAP("Vision Process"="Prog/,
"Camera View"=2)

13: ! Create an integrated depth image by stitching depth images by
camera views and find parts.
14: CALL IRVSTRUNFIND("Vision Process"='Prog')

198 B-83914EN-3/04



Know-How 3. EXAMPLE OF SETTING ACCORDING TO USAGE

3.3.3 Other Applications

3DV Sensor installation
When the 3DV Sensor used for switching is fixed, select [All Robot-Mounted] from the [Camera
Installation] drop-down box in the vision process. When 3DV Sensors mounted to the robot and fixed are
used in combination, select [Both].
For a TP Program example in such a case, refer to the description of 3DV Stitching Vision Process in
“iRVision OPERATOR’S MANUAL (Reference) B-83914EN.”

Stitching in bin-picking
When using stitching, set interference avoidance data and Parts List Manager in the same way as with bin
picking using a single 3DV Sensor.
Note, however, that instead of using the image registers on the SEARCH VP List edit screen, those set with
camera views are used.

In a TP program, call the [BINPICK SEARCH] macro program when finding, instead of using the
[IRVSTRUNFIND.KL] macro program.

34 BIN PICKING

3.4.1 Setting Container Larger Than Field of View of 3DV Sensor

This section explains how to set [Container Shape] in the 3D Data Generator Tool when dealing with a
container that cannot fit within the field of view of the 3DV Sensor.
Only if the following conditions are satisfied.

e  The 3DV Sensor can be moved with the robot-mounted camera or using similar methods.

e  [Camera Base Find] in [3DV Single-View Vis. Proc] is not checked.

The setting procedures are explained below.
1  Open the vision process of ‘3DV Single-View Vis Proc’ and select [In Container] from the [Part
Condition] drop-down box in the setup screen of [3D Data Generator Tool].

iRVision Vision Setup - V_3DV_SAMPLE

EPAEAVAL:] 100 KNS ICNE A= Al

VE 3DV Single-View Vis. Proc
Snap Tool 1
Depth Snap Tool 1

. 3p Dpata Generator Tool 1 !
Offset data Calculation Tool [l

& |

DownSample Ratio 2K N

Tmage Display Mode 2D Image [

Part Condition In Container [ ee——
Container Wall RM.

Enable

Container Shape

Vertex Index /

/Container Z mm
- lcontainerDepth ___womm "
fTime to Find ms

o o ) L =) | | 2

SNAP FIND SNAP+FIND CONT S+F PLAYBACK END EDIT
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2 Click the [Teach] button, teach vertices (corners) at the edge of the visible area of the top of the
container in order and click the [OK] button. In the figure below, 5 vertices are taught.

iRVision Vision Setup - V_3DV_SAMPLE

100% &2

mz

3 Set[Container Z] and click the [FINISH] button. [Container Z] will be adjusted later, so a rough value
can be entered here.

Please set correct z of container upper face

2o M —— 3

IContainer Z

4 X

FINISH CANCEL
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4 Move the 3DV Sensor so that the container area not shown in the snap can be seen and click the

[SNAP] button.
5 Specify the last number of [Vertex Index] and click the [Add] button.

_SAMPLE

Zoom =t

¥ [ 3DV Single-view Vis. Proc
{2} snap Tool 1
Depth Snap Tool 1

.® 3D Data Generator Tool 1 ¥

Offset data Calculation Tool [l

DownSample Ratio A
Image Display Mode @
Part Condition In Container K2

Container Wall RM.

Enable

[SED—

\Vertex Index / 5
-

Container Z mm

Container Depth mm [ ¥ BN PN

.0
Time to Find ms Total Number Removed Number Left Number

v

4 ' 3 =~ ) | | =

SNAP+FIND CONT S+F PLAYBACK END EDIT

6 A vertex is added to [Vertex Index]. Specify the number of the added [Vertex Index] and click the
[Move] button.

_SAMPLE

B [« 0 1 |
VE 3DV Single-View Vis. Proc
{3 Snap Tool 1
Depth Snap Tool 1

.® 3D Data Generator Tool 1 ¥

Offset data Calculation Tool [l

DownSample Ratio 2 ~
Image Display Mode 2D Image [

Part Condition In Container {2

Container Wall RM.
Enable

'Container Shape

Vertex Index [ ¢lss P —

/Container Z
Container Depth 500.0lmm ¥ B¥ EN N

v
[Time to Find ms Total Number Removed Number Left Number

LK ™3 2| M Y

SNAP+FIND CONT S+F PLAYBACK END EDIT
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Know-How

7

8

Move < to any vertex at the edge of the top of the container and click the [OK] button.

iRVision Vision Setup - V_3DV_SAMPLE
100%

CANCEL

A new [Vertex Index] is set as shown below.

iRVision Vision Setup - V_3DV_SAMPLE

EPEAVAL] 100 EANIENICHNIE AN Elw

¥ [ 3DV single-view vis. Proc
(-} Snap Tool 1
epth Snap Tool 1

0 D Data Generator Tool 1 v

Offset data Calculation Tool [l

Downsample Ratio H -]
2D Image [

Image Display Mode
In Container 52

Part Condition
Container Wall RM.
Enable

el

Container Shape
[Vertex Index

Move

L

Container Z

Container Depth

[Time to Find ms

& & bt =0 () =

>
PLAYBACK END EDIT

CONT S+F

SNAP+FIND

& = |

v
¥ ivialA

Total Number Removed Number Left Number

202
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9  Repeat steps 5 to 8 to set all [Vertex Index] of current view.

iRVision Vision Setup - V_3DV_SAMPLE
| [P

@ S @

VE 3DV Single-View Vis. Proc

{-} Snap Tool 1

Depth Snap Tool 1

. 3D Data Generator Tool 1 ¥
Offset data Calculation Tool [l

DownSample Ratio -] ~
Image Display Mode 2D Image n
Part Condition In Container B4

Container Wall RM.
Enable

ootz e

[Vertex Index ljl/ 9

Container Depth mm EV (¥ N PN

Time to Find ms Total Number Removed Number Left Number

mm

Container Z

v

=g {e} - L} L Gl | (| B2

LIVE SNAP FIND SNAP+FIND CONT S+F PLAYBACK END EDIT

10 If necessary, repeat steps 4 to 9 until all the container vertices are set.
11  Click the [FIND] button.

¥ [ 3DV Single-view Vis. Proc
Snap Tool 1
Depth Snap Tool 1

.® 3D Data Generator Tool 1 ¥

Offset data Calculation Tool [l

:® 3D Data Generator Tool 1
DownSample Ratio F -] o

Image Display Mode 2D Image + Result [
Part Condition In Container [

Container Wall RM.
Enable

[SE—

IVertex Index ljl/ 9

Add

Container Z mm

v

Container Depth i viviala

[Time to Find  8ms Total Number Removed Number Left Number

57354 25511 31843

M g

END EDIT

sl

PLAYBACK

[y -]
[
T

11

SNAP+FIND CONT S+F
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12 Adjust [Container Z], [Container Depth] and [Margin from Wall] if the 3D points of the bottom of the
container or outside the container are not properly removed.
For how to adjust them, refer to the description of 3D Data Generator Tool in “/RVision
OPERATOR’S MANUAL (Reference) B-83914EN.”
After completing adjustment of each parameter, the setting is completed.

iRVision Vision Setup - V_3DV_SAMPLE

k- zoomfIXA | | + | £ H “--
v E 3DV Single-View Vis. Proc

Snap Tool 1

Depth Snap Tool 1

. 3D Data Generator Tool 1

Offset data Calculation Tool [l

:® 3D Data Generator Tool 1 =
Tmage Display Mode
Part Condition A
Container Wall RM.
Enable
Container Shape
Vertex Index [ dse

——

(Container Z 132.1 mm

Container Depth 1250/ mm 12

Margin from Wall 8.0/ mm v

[Time to Find  4ms Total Number

57354 57354 0

. T I =) o
O a; - | Lk LH' =] » |

LIVE SNAP FIND SNAP+FIND CONT S+F PLAYBACK END EDIT

3.4.2 Using Robot-Mounted Camera for Multiple Containers

As shown in the figure below, if there are multiple containers of the same type and you want to move the
robot with the robot-mounted camera to each container and to perform detection, use [Camera Base Find].

For the setup procedure, refer to 3.2.1 Moving the Search Window of the 3D Command Tool with the
Robot-mounted Camera According to the Snap Position of the Robot.’

204 B-83914EN-3/04



Know-How 3. EXAMPLE OF SETTING ACCORDING TO USAGE

Move upward to the l

container on the right.

The search window onto the
container next to the right.

When [Camera Base Find] is disabled, the search window does not change from the set area even if the
robot moved to above another container.

343 Container Position Is Not Fixed

In a bin-picking system, because the container will not be positioned correctly due to the nature of the
mechanism or because it is positioned to a certain degree but the clearance is relatively large, the container
installation position may change each time when it is replaced, causing the following problems.

e A misjudgment frequently occurs with the interference avoidance function.
The container object set in the system data for interference avoidance memorizes the container position
and size based on three points in the reference user frame set in the system data. For this reason, if the
container installation position changes, the memorized position of the container object and the actual
position of the container will not match, resulting in a misjudgment on interference.

e  The search window cannot be set correctly.
The part search window set by the SEARCH vision process is normally set along the internal wall of
a container in which the part is present. However, if the container installation position moves, the
search window will not be set correctly along the internal wall of the container, resulting in parts that
cannot be found (see the figure below).

\ \

Camer Search Window Camer: Search Window

)

Container moves

Before the move ¢---=-

Container

k----a=--4
N

If this is the case, use a function that automatically moves the container object and search window. This
function uses the found result of a vision process for finding the container installation position to internally
move them.
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3. EXAMPLE OF SETTING ACCORDING TO USAGE

Know-How

Creating and setting a container detection vision process
On the [Vision Setup] screen of iR Vision, create and set a vision process for finding a container. 2-D Single-
View Vision Process or 2-D Multi-View Vision Process are useful for container detection. For details, refer
to the descriptions of 2-D Single-View Vision Process or 2-D Multi-View Vision Process in “iRVision
OPERATOR’S MANUAL (Reference) B-83914EN.”

Changing the TP program
The following describes how to change the TP program explained in “Setup: 4 BIN PICKING SYSTEM”
to one that uses the result of container detection for bin-picking. A TP program can also be customized in
other bin-picking system using the same method.

In this customization, the following registers are used in addition to those used in the TP program explained
in “Setup: 4.8 CREATING TP PROGRAM.”

Additional registers to be used

R[15]

The maximum retry count for container detection.

R [16] The retry count for container detection.

The following vision register is additionally used.

Additional vision register to be used

| VR [1] | The container detection result.

BIN_FIND_CONTAINER.TP
Add a TP program that performs container detection. When obtaining the offset value fails, a retry is
repeated for the number of times set in R [15]. When the retry count has exceeded the value in R [15], a
user alarm is issued. Note that in the following TP program, the vision process for container detection is
named CNTROFS.

Nel

—
wW N —

o o —_— = —_
W — O 00 ()]

NS\
(O N

: | Move to snapping position
: JP[2] 100% FINE

XD E

: | Check retry times
: IF R[16]>R[15],JMP LBL[99] =

_
2

: | Run CONTAINER OFFSET process
: VISION RUN_FIND 'CNTROFS'
: VISION GET _OFFSET ‘CNTROFS’ VR[1]JMP LBL[91] \

_.
55

: END

_.
S

: I Retry CONTAINER OFFSET process
: LBL[91]

: R[16]=R[16]+1
: JMP LBL[10]

N
-

)
N .

: 1 ALARM
: LBL[99]
: UALM[2]
: END

R[15]=

Move to a position to snap an image.

Set maximum number of times to

—

S W

R[16]=

retry.

LBL[10]

Set 0 to the number of times retry.

Terminate the cycle if the number

of times of retry exceed the
maximum number of times.

Run the vision process for
CONTAINER OFFSET

Count the retry times I

Jump to the process to check the retry
times
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Know-How 3. EXAMPLE OF SETTING ACCORDING TO USAGE

BIN_PICKING.TP
Change the section indicated with a bold line of the TP program BIN_ PICKING.TP explained in “Setup:
4.8 CREATING TP PROGRAM.”

: IThe register numbers and

: Iposition register numbers below
: Ishould be changed according to
: lthose set by CMT 3DV _BP.TP.

: UFRAME_NUM=1
: UTOOL NUM=1
: CALL BINPICK_CLEAR(1)

2

Add the instruction for calling the

10: CALL BINPICK_FIND_CONTAINER program for CONTAINER OFFSET

11:

12: ISEARCH

13: LBL[1]

14: L P[1:Search] 2000mm/sec FINE
15: CALL BINPICK SEARCH(1,1,10)
16: IF R[10]<>0,JMP LBL[999]

17:

18: 'POP

19:

3.4.3.1 Moving container objects for interference avoidance data
according to amount of movement of container

On the edit screen for the interference avoidance setting system data, enter the vision register number that
stores the result of the above-mentioned container detection vision process in [VR] under [Container Offset]
in the setting item area.

Container Offset VR | 1| ‘

In the tree view of the edit screen for the interference avoidance setting system data, select an object that
moves with the container. Check the checkbox of [Shift Objects Pos.] in the setting item area.

[shift Object Pos. |

3.4.3.2 Shifting Search Window according to amount of container
movement

The following explains how to shift the search window according to the amount of container movement.
Configure the following settings in the “3DV Single-View Vision Process” created for bin-picking.

Adding and teaching the window shift tool
Add a window shift tool to the “3DV Single-View Vision Process.”

v E 3DV Single-View Vis. Proc
Depth Snap Tool 1

== Window Shift Tool 1

E 3D Data Generator Tool 1

3D Blob Locator Tool 1

Offset data Calculation Tool ﬂ
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3. EXAMPLE OF SETTING ACCORDING TO USAGE Know-How

Select [Window Shift Tool 1] in the tree view of the vision process edit screen, and select [Other VP Result]
from the [Input Data Type] drop-down box in the setting item area. Enter the vision register number for
storing the result of the container detection vision process in the text box for [VR to Use] that appears when
[Other VP Result] is selected.

Input Data Type Other VP Result 52

VR To Use

Teaching 3D Data Generator Tool and 3D Blob Locator Tool
Once the container detection vision process is run from the TP program, obtain the vision offset value and
store the result in the vision register. Then, teach the container shape on the 3D Data Generator Tool edit
screen. When a search window is being used by the 3D Blob Locator Tool, and so on, teach the search
window again. For details on the setting method, refer to the description of 3D Data Generator Tool and
3D Blob Locator Tool in “iRVision OPERATOR’S MANUAL (Reference) B-83914EN.”

3.5 COMMAND TOOL

3.5.1 Using 3D Blob Locator Tool for Close Contact Parts

Because the 3D Blob Locator Tool uses the difference in height with the surroundings to detect parts, when
parts are in close contact with each other, several parts may be connected and detected as one part. In such
a case, if the boundaries between parts can be distinguished by the camera image, connected 3D blobs may
be separated by utilizing the camera image.

Create 3DV Single-View Vision Process and click the [Edit] button to open the setup screen.
Click the [ button in the tree view to add [Snap Tool].

Select [3D Blob Locator Tool] in the tree view and select the added Snap Tool in [Input Image].
Enable [Contrast] of [Connecting Threshold].

AW N —

The following figures show the detection results when [Contrast] is disabled/enabled.

Invalid
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Know-How 4. TROUBLESHOOTING

4  TROUBLESHOOTING

This chapter explains how to troubleshoot if any failure happens while using the 3DV Sensor.

4.1

If a strong impact or vibration is applied to the 3DV Sensor, the measurement performance may degrade as
the following figure.

In such a case, you can re-adjust the 3DV Sensor.

For details, refer to the description about re-adjusting the 3DV Sensor in “;RVision OPERATOR’S
MANUAL (Reference) B-83914EN.”

DISTANCE CANNOT BE MEASURED

iRVision Vision Setup - CD3C

vﬂ@!

2D Setup 30 Setup Parameters
Setup
Bl sov KA

[Snap Mode Multi(normal) [

Exposure Time(3D) 20,000, ms
Projector Intensity 16
Noise Removal Level [
Color Mode Grayscale n

Depth Range

600.00] - 1300.00] mm

n

END EDIT

Failure case

iRVision Vision Setup - CD3C

v3§!

2D Setup

3D Setup

Parameters
Setup

[« ] =1 0]=] 7]

Zoom ENEY | m

ISnap Mode Multi(normal) B
Exposure Time(3D) 20.000| ms
Projector Intensity 16
- Noise Removal Level 0
i - Color Mode Grayscale [
assdeniosnss Depth Range | 600.00 - | 1300.00] mm

Normal case

Ed

END EDIT
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