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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 “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. Works 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
Teaching operator technician

Operator

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
Emergency stop with teach pendant O
Operator’s panel maintenance
Teach pendant maintenance

o000 |0|O0|O|O|O|O|O|0|0O

o000 |0|0|O0|O|O|O|O0|0|O|O|0O

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
e  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

ACAU'”ON 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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Introduction 1. PREFACE

1 PREFACE

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

1.1 OVERVIEW OF THE MANUAL

This manual describes how to operate iRVision controlled by the R-30iB Plus/R-30iB Mate Plus/R-30iB
Compact Plus/R-30iB Mini Plus controller. This manual is directed to users who are reasonably familiar
with the FANUC two-dimensional vision.

In this manual, only the operation and the technique of programming for the dedicated sensor functions
are explained, assuming that the installation and the setup of the robot are completed. Refer to the

"OPERATOR’S MANUAL (Basic Function) B-83284EN" about other operations of FANUC Robots.

/A\ CAUTION
This manual is based on R-30iB Plus/R-30:B Mate Plus/R-30iB Compact
Plus/R-30:B Mini Plus system software version 7DF5/06. Note that the
functions and settings not described in this manual may be available, and some
notation differences are present, depending on the software version.
Volume Chapter Chapter Title Description
Introduction Chapter 1 Introduction Gives an overview of and a guide to using this
manual and related manuals.

Chapter 2 About Vision System Gives an overview of the functions of iRVision
and the basic knowledge required to use the
functions.

Chapter 3 Features Gives an overview of the four types of Vision
Processes.

Setup Chapter 1 2-D Single-View Vision Process | Explains the 2-D Single-View Vision Process
start-up procedures.

Chapter 2 2-D Multi-View Vision Process Explains the 2-D Multi-View Vision Process
start-up procedures.

Chapter 3 Depalletizing Vision Process Explains the Depalletizing Vision Process
start-up procedures.

Chapter 4 3-D Tri-View Vision Process Explains the 3-D Tri-View Vision Process
start-up procedures.

Know-how Chapter 1 Frame Setting Explains the methods for frame setting with a
pointer tool and frame setting with the Automatic
Grid Frame Setting function.

Chapter 2 Camera Data Setting Explains the method for camera data setting.

Chapter 3 Setup of Snap in Motion Explains the method for snapping without
stopping the motion of the robot.

Chapter 4 FAQs for Troubleshooting Explains the causes and actions to take
regarding a variety of problems.

Indications in this Manual

The symbol below is used in this manual. Please refer to it when looking for information.

Symbol Description
Gives information that will provide hints for performing screen operations, and information that
# Memo : ) : . . :
will provide a reference for function explanations and setting details.

B-83914EN-2/03




1. PREFACE Introduction

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 has the simple mode, which hides less frequently-used setting items, and the advanced mode, which shows all setting

items. Unless otherwise specified, screens and operations mentioned in this manual are for the simple mode. For details on the
simple mode and the advanced mode, refer to the "iRVision OPERATOR'S MANUAL (Reference) B-83914EN".

1.2 RELATED MANUALS

This section introduces related manual.

Manual Spec. No. Description
OPERATOR’S MANUAL B-83284EN Main manuals of the Controller
(Basic Function) 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.

These manuals are used on a robot applicable design, robot
installation, and robot teaching.

MAINTENANCE MANUAL B-83195EN Maintenance and connection of R-30iB/R-30iB Plus
Controller

MAINTENANCE MANUAL B-83525EN Maintenance and connection of R-30:B Mate/R-30iB Mate
Plus Controller

MAINTENANCE MANUAL B-83555EN Maintenance and connection of R-30:B Mate/R-30iB Mate
Plus Controller (Open Air)

OPERATOR’S MANUAL B-83284EN-1 Alarm code list for the Controller. Causes of alarm

(Alarm Code List) occurrence and measures to be taken.

Optional Function B-83284EN-2 Software optional functions of robot controllers.

OPERATOR’S MANUAL

Sensor Mechanical Unit / B-83984EN Method for connection between Controller and sensors such

Control Unit as a camera or 3D Laser Vision Sensor used for iRVision,

OPERATOR’S MANUAL and the maintenance method of sensors.

iRVision OPERATOR'S B-83914EN Reference manual for various functions of iRVision

MANUAL (Reference) e Each functions which are provided by iRVision

e Meanings (e.g. the items on iRVision setup screen, the
arguments of the instruction, and so on

iRVision 3D Laser Vision B-83914EN-4 Manual to refer to first when starting up a robot system that
Sensor Application performs a 3D offset by the 3D Laser Vision Sensor using
OPERATOR’S MANUAL iRVision.

e System startup procedures, program creation method,
caution, technical know-how, responses to various cases,
etc. when performing a 3D offset by the 3D Laser Vision
Sensor using iRVision.

iRVision Inspection B-83914EN-5 Manual to refer to first when starting up a robot system that
Application OPERATOR'S performs non-defective/defective inspection of workpieces
MANUAL using iRVision.

e System startup procedures, program creation methods,
caution, technical know-how, responses to various cases,
etc. when performing non-defective/defective inspection
of workpieces using iRVision.
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Manual Spec. No. Description

iRVision Bin Picking B-83914EN-6 Manual to refer to first when starting up a robot system that

Application performs bin picking using iRVision.

OPERATOR’S MANUAL e System startup procedures, program creation methods,
caution, technical know-how, responses to various cases,
etc. when performing bin picking using iRVision.

iRPickTool B-83924EN Manual to refer to first when starting up a robot system that

OPERATOR'S MANUAL performs visual tracking using iRVision.

e System startup procedures, program creation methods,
caution, technical know-how, responses to various cases,
etc. when performing visual tracking using iRVision.

Ethernet Function B-82974EN Robot controller networking options such as FTP, RIPE, PC

OPERATOR’S MANUAL

Share, and so on.

B-83914EN-2/03



2. ABOUT VISION SYSTEM Introduction

2

ABOUT VISION SYSTEM

This chapter explains the fundamental items of the vision system.
The following eight items are explained.

01N DNk~ W~

2.1

Basic configuration

Fixed camera and robot-mounted camera
Size of a camera’s field of view

Fixed frame offset and tool offset
Calculation of the offset data

Part Z height

Memory card preparation

Calibration Grid

BASIC CONFIGURATION

iRVision consists of the following components:

Camera and lens

Camera cable

Lighting Equipment

Camera multiplexer (used if needed)

Camera Cable

Robot Controller

Camera and Lens

@ 1 ichting Equipment

Basic configuration of iRVision

For detailed information about the connection method between the Robot Controller and a camera, please
refer to "Sensor Mechanical Unit/ Control Unit OPERATOR’S MANUAL B-83984EN".

The camera and lens of 3D Laser Vision Sensor are sane as the two-dimensional camera, so the 3D Laser
Vision Sensor can also be used for the two-dimensional applications.

2.2

FIXED CAMERA AND ROBOT-MOUNTED CAMERA

Decide where to place the camera according to the workpieces size and location.

Fixed camera

Detect workpieces using the camera installed on the stand.

A fixed camera will always snap the same place from the same distance.

While the robot transfers the workpieces, iR Vision can detect the other workpieces, so the cycle time
can be shortened.

Use a sufficient strength camera stand so that the camera doesn’t vibrate.

B-83914EN-2/03
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Pedestal

Fixed camera

Fixed camera

Robot-mounted camera

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

e By moving the robot, you can measure different places with a robot-mounted camera.

e  When a robot-mounted camera is used, iRVision calculates the position of the workpiece based on
the movement of the robot.

e  The camera must be mounted on the final axis of the robot. For example, when a six axis robot is
used, the camera must be mounted on the sixth axis of the robot.

e  The camera cable moves according to the robot movement, so be careful so that the cables doesn’t
tangle.

Robot-mounted camera

Robot-mounted camera

B-83914EN-2/03 7
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2.3 SIZE OF A CAMERA'S FIELD OF VIEW

Depending on the size and location of the workpiece, determine the size of the field of view of the
camera.

The size of the field of view of the camera is determined by three factors: The size of the image sensor,
the focal distance of the lens, and the distance from the camera to the workpiece.

The size of the image sensor (Lc) is calculated by the following formula.
Lc = Cell size = Image size (pixels)

The rough value of the field of view of the camera (L) is calculated by the following formula.
L=D-f)+fxLec

When the distance D from a camera to a workpiece is 700mm and the monochrome camera (SC130EF2)
is used, the view size is shown below table.

Focal distance of the lens Size of the field of view
8 mm 587 mm x 469 mm
12 mm 389 mm x 311 mm
16 mm 290 mm x 232 mm
25 mm 183 mm x 147 mm

The calculation result is an approximate value. Some difference may occur between the calculated value
and the actual measurement value. When an accurate value is required, please confirm by the actual
measurement.

8 B-83914EN-2/03
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Image zensor (Lc)
-

Camera

‘—

Introduction

!

Focal distance (f)

_‘—
]

' Lens

distance from a camera to a workpiece (D)

ol
™

Size of a camera’s field of view (L)

Size of a field of view of a camera

If you want to enlarge the view size, there are the following methods.
e Increase the distance from the camera to the workpiece.
Exchange to a lens with the shorter focal distance.

[ ]
If the distance from a camera to a workpiece is too near, a lens is not in focus.
The minimum object distance of each lens offered from FANUC is shown in the following table.

The distance from the tip of the workpiece should be longer than the minimum object distance.
Focal distance of the lens Minimum object distance
8 mm 260 mm
12 mm 260 mm
16 mm 290 mm
25 mm 210 mm

B-83914EN-2/03
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2.4 FIXED FRAME OFFSET AND TOOL OFFSET

The fixed frame offset and the tool offset can be used to offset the robot positions. iRVision supports
both kinds of robot position offsets.

Fixed frame offset
Detect the workpiece on the table, and offset the robot positions so that the robot works (for example, the
robot picks up the workpiece.) in correct.

Workpiece

Plane on which a workpiece moves

Fixed frame offset

10 B-83914EN-2/03
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Tool offset
Detect the workpiece which gripped by the robot, and offset the robot positions so that the robot works

(for example, the robot places up the workpiece.) in correct. -
2

NWg

i ! - /
3 )
= Workpicec /
Plane on which a workpicec moves /
Tool Offset

2.5 CALCULATION OF THE OFFSET DATA

In this subsection, the calculation method of the offset data is explained.

Reference position and actual position
The offset data is calculated from the position of the workpiece of when teaching the robot program and
the position of the current workpiece. The position of the workpiece of when the robot program was
taught is called as the reference position, and the current position of workpiece is called the actual
position. iRVision measures the reference position when the robot program is taught, and stores it
internally. The operation of teaching the reference position to iRVision is called reference position
setting.

Offset data

In the case of the following figure, the position of “+” mark is a found position of a workpiece. If a
robot approaches only to the position of “+” mark, the offset data can be calculated by subtracting the
value of the actual position and the reference position. When the calculation of the offset data is
subtraction, it is easy to understand, however there are also limitations.

B-83914EN-2/03 11
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Workpiece at actual position

Workpiece at reference position

>

Offset frame

Offset calculation by subtraction

In the following figure, the position M is the reference position and the position m is the actual position.
A workpiece is placed on the reference position and the robot traces from the position A to the position B
and C. When the workpiece is placed at the actual position, to trace the -- a, b and ¢ --, each positions
information are required. However, the movement of (a — A), (b — B) and (¢ — C) differ from the
movement of the found position (m — M). So, it is necessary to calculate the offset data of a, b and ¢
individually.

Motion path of a robot

A

A

B 'C

>

Offset frame

Position Information and movement amount

12 B-83914EN-2/03
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iRVision uses an offset frame, it is unnecessary to calculate the each position individually. In the

following figure, iRVision moves the offset frame to a new position. The position of the workpiece

relative to the offset frame is the same as the position of the workpiece at the reference position by

moving the offset frame, it becomes unnecessary to calculate the offset data for each point individually,
and teaching becomes easy. iRVision outputs the movement of offset frame as the offset data. Since

the offset data is the movement of the user frame, it is not the physically movement of the workpiece.

Moreover, the offset data does not become an intuitive value in many cases. Normally, when the

amount of rotation of the workpiece is the larger or the distance from the origin of the user frame to the

workpiece is the further, the value of the offset data differs from the physically movement of the

workpiece.

Offset data
Moved offset frame

>

Offset frame

Offset calculation by shifting a frame

B-83914EN-2/03 13
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2.6 PART Z HEIGHT

In the following figure, the two-dimensional camera detects a workpiece. In this case, the found position
of the workpiece will be in somewhere on the view line which connects from the workpiece to the
camera.

In order to determine the point on the view line, it is necessary to define the height of a workpiece (Part Z
Height) beforehand. In two-dimensional offset with iRVision, the height of the workpiece measurement
plane on the offset frame is used as the part z height. By setting up the part z height, the XY position of
the workpiece is correctly calculated. (“P1” in the following figure)

The part Z height is the important setting and which influences to the offset accuracy of the robot.  So,
please set up the part Z height correctly. When the workpiece is in the center of field of view, the offset
error is too small, but when the workpiece moves to the edges of the field of view, the offset error
becomes large. In this case, it is possible that part Z height is not set properly. In the following figure,
when 0 mm is incorrectly set up in the part z height, the found position of the workpiece is calculated as it
is “P2”, and an offset error occurs in the XY direction.

Camera ——— —

Lens

View line

Workpiece measurement plane

Part Z Height

Z Found position “P1”

Error position “P2”

Offset frame o

Detection error in the XY direction XY

Part Z Height
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2.7 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, for example, camera images before reinstallation, if saved, can be checked
against camera images after reinstallation to see if there is any major difference.

To enable vision log, check “Enable logging” on the iRVision configuration screen. For details, refer to
the description of Vision Configin the "iRVision OPERATOR’S MANUAL (Reference) B-83914EN".
Note that even if "Log Failed Images" is set in the vision program, no un-detected 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 which can be deleted, the ‘CVIS-130 No free disk
space to log’ alarm is posted and the vision log will not be recorded.

/N CAUTION

1 As it takes a long time to delete the execution history, we recommend that you
regularly transfer the data for the execution history to your PC and ensure you
have sufficient free space in your memory card or USB memory. For details on
how to export the execution history to an external device or to delete it, refer to
the description of Vision Log menu in the "iRVision OPERATOR’S MANUAL
(Reference) B-83914EN".

2 On a memory card or USB memory, data other than execution history for
iRVision may be recorded. If the free space drops below the designated
capacity, the next time a vision Process is executed, history 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. For example, saving a backup to
a memory card or USB memory corresponds to this case.

3 Do not insert a memory card in which execution history 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 execution history that was

recorded using the original robot controller may be overwritten.

Format devices such as memory card or USB memory to FAT16.

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 the "iRVision

OPERATOR’S MANUAL (Reference) B-83914EN".

(S F >N

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 or a USB memory recommended by FANUC. If a memory card or a USB
memory other than those recommended is used, a normal operation is not guaranteed, and a bad influence
may occur on the controller.

B-83914EN-2/03 15
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2.8 CALIBRATION GRID

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

In iRVision, a 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.

00000 O0GPOSO

Example of a frame using a calibration grid

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

For the five grid points arranged in the center and at the four corners, there is a white dot with a diameter
of 1 mm placed at the center of the black dot. This white dot 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 (grid frame setting).

16
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3 FEATURES

The following four application methods are explained below.

2D Single-view Vision Process
2D Multi-view Vision Process
Depalletizing Vision Process
3D Tri-View Vision Process

The 2D Single-view Vision Process and 2D Multi-view Vision Process can detect the parallel movement
of the workpiece, (X, Y) direction or the rotational movement (R) direction, and offset the robot position.
The Depalletizing Vision Process can detect not only the parallel movement (X, Y, R) but also the height
(Z) of the workpieces. The 3D Tri-View Vision Process can detect the (X, Y, Z, W, P, R) of the
workpiece.

This chapter explains the outlines of the above four applications, and Chapters 1 to 4 explain the setup
procedures in detail. The 2D Single-view Vision Process is the most standard vision application. The
setup procedure of the 2D Single-view Vision Process can apply to other vision application settings.

For details of each setting item, refer to the "iRVision OPERATOR’S MANUAL (Reference)
B-83914EN".

3.1 OVERVIEW OF 2D SINGLE VIEW VISION PROCESS

The 2D Single-view Vision Process can detect the workpiece on a plane with a camera and offset the
robot position depending on the parallel movement (X, Y) direction or the rotational movement (R)
direction of the workpiece. An example of the system layout is shown below. The robot detects the
workpiece on the table and picks up it.

Camera

Workpiece

Table

Example of layout for 2-D Single-View Vision Process

B-83914EN-2/03 17
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3.2 OVERVIEW OF 2D MULTI-VIEW VISION PROCESS

The 2D Multi-view Vision Process measures the multiple points of a workpiece and offset the robot
position in the two-dimensional. This function is used to measure multiple points of a large workpiece
that cannot be contained in the field of view of a single camera.

An example of the system layout is shown below. By using the two cameras, the robot detects the two
corners of the large workpiece and picks up the workpiece.

Camera

Workpiece

Example of layout for 2-D Multi-View Vision Process

3.3 OVERVIEW OF DEPALLETIZING VISION PROCESS

The Depalletizing Vision Process can measure not only the parallel movement of the workpiece but also
the vertical direction of the workpiece. This function can measure the height of the workpieces based on
the size of the workpiece in image. An example of the layout is shown below. The robot detects the
stacked workpieces on the pallet and picks up there in order from the highest workpiece.

18 B-83914EN-2/03
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Camera

Workpiece

Example of layout for Depalletizing Vision Process

3.4 OVERVIEW OF 3D TRI-VIEW VISION PROCESS

The 3D Tri-View Vision Process measures the three points of a large workpiece such as a car body, and
offsets the robot in the three-dimensional The offset applies to all of six degrees of freedom for parallel
displacement (X, Y, Z) and rotation (W, P, R) of the workpiece. = An example of the layout is shown
below. The robot measures the three points of a large workpiece and offset the robot positions in the

three-dimensional.

Ty
: ,- - Y Workpiece

Target3
Camera3

’ ".‘ ‘I‘ Target2

Cameral Targetl \ |/

Example of layout for 3-D Tri-View Vision Process

B-83914EN-2/03
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Setup 1. 2D SINGLE VIEW VISION PROCESS

1 2D SINGLE VIEW VISION PROCESS

The 2D Single-view Vision Process can detect the workpiece on a plane with a camera and offset the
robot position depending on the parallel movement (X, Y) direction or the rotational movement (R)
direction of the workpiece. The 2D Single-view Vision Process can be used in the following four
configurations:

Fixed frame offset with a fixed camera

Fixed frame offset with a robot-mounted camera
Tool offset with a fixed camera

Tool offset with a robot-mounted camera

This chapter describes the setup procedure for a 2D Single-view Vision Process by using the following
three application examples: ‘Fixed frame offset with a fixed camera’, ‘Fixed frame offset with a
robot-mounted camera’ and ‘Tool offset with a fixed camera’.

In the configuration of ‘Tool offset with a robot-mounted camera’, a robot A holds the camera and robot
B holds the workpiece, and the robot A measures the grip error of the workpiece. The current position
of each robot is needed, so the inter-robot communication function should be set to communicate between
each robot. If a robot A is held a camera but it used as a fixed camera, the setup procedures is same as
“Tool offset with a fixed camera’.

Fixed frame offset with a fixed camera
An example of a layout for a ‘fixed frame offset with a fixed camera’ is shown below.

Camera

Workpiece

Offset frame

Example of a layout for a fixed frame offset with a fixed camera
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Fixed frame offset with a robot-mounted camera
An example of a layout for a ‘fixed frame offset with a robot-mounted camera’ is shown below.

Camera

Workpiece

Offset frame
Table

Example of a layout for ‘a fixed frame offset with a robot-mounted camera’

Tool offset with a fixed camera
An example of a layout for a ‘tool offset with a fixed camera’ is shown below.

‘Workpiece deviation plane

Offset frame

Example of a layout for a tool offset with a fixed camera
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1.1 FEATURES AND NOTES

Features

2D single-view vision process is the most standard application of a 2-D view vision process.

It supports the fixed frame offset and the tool offset.

Both a fixed camera and a robot-mounted camera can be used.

When a robot-mounted camera is used, even if when the robot moves the camera in the X and Y
directions on the offset frame, the position of a workpiece can be measured. This is because,
iRVision calculates the positions of the workpiece based on the current position of the robot.

<~ Memo
With a controller that can use a tablet TP, 2-D Single-View Vision Process can
also be taught using a tablet TP. For details, Refer to “Tablet Ul OPERATOR'’S
MANUAL B-84274EN”.

Notes

e The offset is applied to the XY and R directions. Therefore, each measurement plane should be
parallel to the XY plane of the offset frame and should not be tilted.

e Ideally, the optical axis of the camera should be vertical to the XY plane of the offset frame.
When the position of the camera is tilted against the measurement points of the workpiece, the shape
of the workpiece in the image may change depending on the location of the workpiece, so the
detection may become difficult.

1.2 SETUP FOR FIXED FRAME OFFSET WITH FIXED
CAMERA

The setup procedures for the fixed frame offset with the fixed camera is shown below:

1. Camera Data Creation and Teaching

2. Offset frame setting

3. Vision process creation and teaching

gt

4. Robot program creation and teaching

gt

5. Robot compensation operation check

When create the vision system newly, perform all of the above procedures. When the position of the
installed camera is changed or the cameras are exchanged, redo the camera calibration in ‘1 Camera Data
Creation and Teaching’. When you need to add a new kind of workpiece, if a camera calibration has
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1.

been already done, the re-calibration of the camera is not needed. Perform ‘3 Vision process creation
and teaching’ and ‘4 Robot program creation and teaching’.

2.1 Camera Data Creation and Teaching

1.

Create a camera data and perform basic settings and calibration of the camera.

The Grid Pattern Calibration and the Robot-generated Grid Calibration can be used to calibrate a fixed

camera.

e  For details of the grid pattern calibration, refer to Know-how Edition Section 2.1, "GRID PATTERN
CALIBRATION WITH A FIXED CAMERA".

e For details of robot-generated grid calibration, refer to Know-how Edition Section 2.3,
"ROBOT-GENERATED GRID CALIBRATION".

2.2 Offset Frame Setting

The offset frame is used for the calculation of the offset data in the 2D Single-view Vision Process. The
position of a found workpiece is outputted as the position on the offset frame. In the fixed frame offset,
the offset frame is set as a user frame.

Set an offset frame so that the XY plane of the offset frame is parallel with the table plane where the
workpiece is placed. When the offset frame is not parallel with the plane where the workpiece is placed,
the accuracy of offset may become low.

T Camera

Workpiece

A
e

Offset Frame /
Table

Offset Frame setting

In the following figure, the plane where the workpieces are placed is tilted against the robot’s world
frame.

26
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Set the offset frame so that the plane where the workpieces are placed is parallel with the XY plane of the
offset frame. 1

Camera

Optical axis of a camera

Offset Frame

Offset Frame setting (When an inclined work table is installed)

There are two methods for configuring the frame settings used in compensation: using the frame value
and automatic measuring.

There are two methods for using the frame value: setting using “Touch-up” and setting using “Grid Frame
Setting”.

Touch-up (Use the Frame Value)
When set the user frame by touch-up method, a pointer tool with TCP is needed. In general, attach the
pointer tool to the robot hand and set the TCP accurately at the tip of the pointer tool. If the accuracy of
TCP setting is low, the accuracy of the offset is also degraded. Set a TCP in an arbitrary tool frame.
When you reuse the pointer tool later, install the pointer tool in where the same location as when the TCP
setting had performed. If the reproducibility of pointer installation is not assured, a TCP setting needs
again. For details, refer to Know-how Edition Subsection 1.1.1, "User Frame Setting".

Grid Frame Setting Function (Use the Frame Value)

The Grid Frame Setting Function sets the user frame on the calibration grid frame by using a camera.
Install a calibration grid so that the XY plane of the calibration grid is parallel with the plane where the
workpiece is placed, and perform the Grid Frame Setting Function. For details, refer to Know-how
Edition Section 1.2, "FRAME SETTING WITH THE GRID FRAME SETTING FUNCTION".
When a fixed camera is used, prepare another temporary camera to perform the Grid Frame Setting
Function. The Grid Frame Setting Function can be only used with the 6-axis robot. This function
cannot be used with the 4-axis robot and the 5-axis robot. When the 4-axis robot or the 5-axis robot is
used, use the touch-up method.
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Measure Automatically
Set the placement information of the calibration grid using the camera. Unlike the grid frame setting,
the robot does not move automatically for the frame setting. For the detailed setting procedure, refer to
the description of automatic setting of the offset frame in “iRVision OPERATOR’S MANUAL
(Reference) B-83914EN”.

1.2.3 Vision Process Creation and Teaching

Create a vision process and teach it. In addition, teach the locator tools and set the reference position.

1.2.3.1 Vision process creation

1 Create a vision process for [2-D Single-View Vision Process].
For details of the vision process creation, refer to the description of creating new vision data in the
"iRVision OPERATOR'S MANUAL (Reference) B-83914EN".

2 On the vision data list screen, when a created vision process is selected and clicked [Edit], the vision
data edit screen will appear.

iRVision Vision Setup - VP2S
EIrEAYd 100 KANMERIICHIFAS Al w
B3 0 S vow von s 1
Snap Tool 1
GPM Locator Tool 1 [l
Offset Data Calculation Tool [l

= 3

Camera CAMERAL [ v oy

Offset Mode Fixed Frame Offset [ m—
Offset Frame £ Measure automatical|{—
Not Set Set | 5

Image Logging Mode © |Log Failed Tmages [

Found 0 L x [ v [ R_] Model ID

[Time to Find 0 ms

[y =]
&y L} % sl

SNAP+FIND CONT S+F PLAYBACK

| B

END EDIT

3 From the [Camera] drop-down box, select the camera data to be used.
Select the camera data specified in Setup Edition Subsection 1.2.1, "Camera Data Creation and
Teaching".

4 From the [Offset Mode] drop-down box, select [Fixed Frame Offset].

5  From the [Offset Frame] drop-down box, select the user frame to set or "Measure automatically".
Refer to Setup Edition Subsection 1.2.2, "Offset Frame Setting" for the setting methods.
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1.2.3.2 Command tool teaching

1 Place a workpiece in the field of view of the camera.

iRVision Vision Setup - VP2S

Zoom [T -] o [EN 2 | o7 [ = [NEN G
¥ [ 2- single-view Vision Process l_ 2

GPM Locator Tool 1 3

Offset Data Calculation Tool

(o] Snap Tool 1 = L 4

Snap Window Full Window

Resolution Reduction

Tmage Size 512x640 pix

Exposure Mode £ Fixed
Exposure Time 20.000| ms
Multi Exposures 0.00 - 20.0 s

;

o

LED Type None [§2

Image Display Mode Snapped Image n

4

[Time to Find: 333 ms

O} S N = R

LIVE SNAP PLAYBACK SAVE END EDIT

2 Set up the snap tool.
The snap tool is a tool that snaps images that are used to teach and find models. Set the snap
conditions such as the snap window and the exposure time. For details, refer to the description of
Snap Tool in the "iRVision OPERATOR’S MANUAL (Reference) B-83914EN".

3 Select a locator tool from the tree view and teach the model to use for detection.
By default, the GPM Locator Tool is set as the locator tool. For details of the GPM Locator Tool
and other command tools, refer to the description of Command Tools in "iRVision OPERATOR’S
MANUAL (Reference) B-83914EN".

4  When the snap tool and the locator tool are set, set the reference position in the offset data
calculation tool. Refer to 1.2.3.3, "Reference position setting" for the setting.

1.2.3.3 Reference position setting

1 Select [Offset Data Calculation Tool] from the tree view.

v H 2-D Single-View Vision Process
L=} Snap Tool 1
GPM Locator Tool 1

¢ Offset Data Calculation Tool v

+: Offset Data Calculation Tool

Reference Data

2 mmmmPart Z Height 12.000| mm @UF [1]

Ref. Pos. Status Set
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2 In the text box for [Part Z Height], enter the height of the detected part of the workpiece.
When the XY plane of the offset frame is apart from the detected part of the workpiece, enter the
distance.
Enter an appropriate value as shown in the figure below.

Camera

1ok
i 'i Part Z Height

- \
- LD
N Workpiece
1l
- \
Offset Frame Table

Offset Frame and Part Z Height

3 Click [SNAP] and snap the image, and click [FIND] to detect the workpiece.

/\ CAUTION

Do not move the workpiece until the reference position setting is complete.

4 Click the [Set] button for [Ref. Pos. Status]

5  Check if [Ref. Pos. Status] is [Set].

6  Click [SAVE] and click [END EDIT].

7  Move the robot to the position where work to the workpiece (e.g. gripping it).
For an example, refer to the sample program in Setup Edition Subsection 1.2.4, "Robot Program
Creation and Teaching". P[2] in line 11 is the position to work to the workpiece. Record the
current robot position to P[2], and the reference position setting is complete.
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1.2.4 Robot Program Creation and Teaching

The sample program is shown below. A vision process "A" is used. Add the "VOFFSET, VR"
instruction to the movement statement.

UFRAME_NUM=1;
UTOOL_NUM=1 ;
R[1:Notfound]=0 ;

L P[1] 2000mm/sec FINE ;

1:
2:
3:
4:
5: ;
6: VISION RUN_FIND 'A’ ;

7:  VISION GET_OFFSET 'A' VR[1] JMP LBL[100];

8: ;

9: IHandling ;
10:L P[2] 2000mm/sec CNT100 VOFFSET,VR[1] Tool_Offset,PR[1] :
11:L P[2] 500mm/sec FINE VOFFSET,VR][1] ;
12: CALL HAND CLOSE ;
13:L P[2] 2000mm/sec CNT100 VOFFSET,VR][1] Tool_Offset,PR[3] ;

14: 'Handling ;
15: JMP_LBL[900];
16: ;

17:  LBL[100];

18:  R[1:Notfound]=1 ;
19: ;

20: LBL[900];

Execute the vision program "A" on line 6. Obtain the offset data on line 7. Move the robot to the
approach position above the workpiece on line 10. Since this is the approach position to the workpiece,
add the tool offset command so that the robot position is offset by PR[1] from the workpiece (for example,
above the workpiece). Move the robot to the grasp position on line 11. Move the robot to escape
position after grasping the workpiece on line 13.

1.2.5 Robot Compensation Operation Check

Check that a placed workpiece on the table can be detected and handled accuracy.

Place the workpiece on the reference position, find it and check the handling accuracy. If the
accuracy of the offset is low, set the reference position again.

Move the workpiece without rotation, find it and check the handling accuracy. If the accuracy of
the offset is good on the reference position but it lows on the edge of the field of view, it is possible
that [Part Z Height] is not set properly. Check the [Part Z Height], refer to Setup Edition
Subsection 1.2.3.3, "Reference position setting".

Rotate the workpiece, find it and check the handling accuracy. If the accuracy of the offset is good
on the non-rotated workpiece but it lows on rotated workpiece, it is possible that the offset frame or
the calibration grid frame is not set properly. When set the frames using the touch-up method with
a pointer tool, check the TCP setting is precise. Moreover, check the offset frame and calibration
grid frame are set precisely. If there is necessary, retry the camera calibration. If it is difficult to
retry the camera calibration, the "ADJ OFS" may improve the situation without the re-set up the
offset frame and the calibration grid location. ADJ OFS is included in VISION SUPPORT
TOOLS. Refer to the description of "ADJ OFS" in the "iRVision OPERATOR’S MANUAL
(Reference) B-83914EN" for details.

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

B-83914EN-2/03 31



1. 2D SINGLE VIEW VISION PROCESS Setup

1

3 SETUP FOR FIXED FRAME OFFSET WITH ROBOT

MOUNTED CAMERA

1.

The setup procedures for the fixed frame offset with the robot mounted camera is shown below:

1. Camera Data Creation and Teaching

2. Offset frame setting

al|@

3. Vision process creation and teaching

-

4. Robot program creation and teaching

gt

5. Robot compensation operation check

When create the vision system newly, perform all of the above procedures. When the position of the
camera on the robot mechanical interface (the robot face plane) is changed or the cameras are exchanged,
redo the camera calibration in ‘1 Camera Data Creation and Teaching’. When you need to add a new
kind of workpiece, if a camera calibration has been already done, the re-calibration of the camera is not
needed. Perform ‘3 Vision process creation and teaching’ and ‘4 Robot program creation and teaching’.

3.1 Camera Data Creation and Teaching

Create a camera data and perform basic settings and calibration for the camera.

When a robot-mounted camera is used, perform the ‘Grid Pattern Calibration’.  When a robot-mounted
camera is used, the ‘Robot-Generated Grid Calibration’ cannot be used. For details of the grid frame
calibration, refer to Know how Edition Section 2.2, "GRID PATTERN CALIBRATION WITH A
ROBOT-MOUNTED CAMERA".

1.3.2 Offset Frame Setting

The offset frame is used for the calculation of the offset data in the 2D Single-view Vision Process. The
position of a found workpiece is outputted as the position on the offset frame. In the fixed frame offset,
the offset frame is set as a user frame.

Set an offset frame so that the XY plane of the offset frame is parallel with the table plane where the
workpiece is placed. When the offset frame is not parallel with the plane where the workpiece is placed,
the accuracy of offset may become low.

32
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Robot-mounted camera

Workpiece

Offset Frame

Table

Offset Frame setting

There are two methods for configuring the frame settings used in compensation: using the frame value
and automatic measuring.

There are two methods for using the frame value: setting using “Touch-up” and setting using “Grid Frame
Setting”. When using a robot-mounted camera, the automatic measuring method is recommended.

Touch-up (Use the Frame Value)
When set the user frame by touch-up method, a pointer tool with TCP is needed. In general, attach the
pointer tool to the robot hand and set the TCP accurately at the tip of the pointer tool. If the accuracy of
TCP setting is low, the accuracy of the offset is also degraded. Set a TCP in an arbitrary tool frame.
When you reuse the pointer tool later, install the pointer tool in where the same location as when the TCP
setting had performed. If the reproducibility of pointer installation is not assured, a TCP setting needs
again. For details, refer to Know-how Edition Subsection 1.1.1, "User Frame Setting".

Grid Frame Setting Function (Use the Frame Value)

The Grid Frame Setting Function sets the user frame on the calibration grid frame by using a camera.
Install a calibration grid so that the XY plane of the calibration grid is parallel with the plane where the
workpiece is placed, and perform the Grid Frame Setting Function. For details, refer to Know-how
Edition Section 1.2, "FRAME SETTING WITH THE GRID FRAME SETTING FUNCTION". When a
robot-mounted camera is used, the camera can be used for the Grid Frame Setting Function. When there
is not sufficient space to perform the Grid Frame Setting Function with the camera, prepare another
temporary robot-mounted camera and perform the Grid Frame Setting Function. The Grid Frame
Setting Function can be only used with the 6-axis robot. This function cannot be used with the 4-axis
robot and the 5-axis robot. When the 4-axis robot or the 5-axis robot is used, use the touch-up method.

Measure Automatically
Set the placement information of the calibration grid using the camera. Unlike the grid frame setting,
the robot does not move automatically for the frame setting. For the detailed setting procedure, refer to
the description of automatic setting of the offset frame in “iRVision OPERATOR’S MANUAL
(Reference) B-83914EN™.
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1.3.3  Vision Process Creation and Teaching

Create a vision process and teach it. In addition, teach the locator tools and set the reference position.

1.3.3.1 Vision process creation

1 Create a vision process for [2-D Single-View Vision Process].
For details of the vision process creation, refer to the description of creating new vision data in the
"iRVision OPERATOR’S MANUAL (Reference) B-83914EN".

2 On the vision data list screen, when the created vision process is selected and clicked [Edit], the
vision data edit screen will appear.

iRVision Vision Setup - VP2S
P EY zoomfEEy -] = || + [ A = I .

2 2D single-View Vision Process !

Snap Tool 1
GPM Locator Tool 1 [l

Offset Data Calculation Tool [l

. i iew Vision Process = I 3
Camera HAND_CAMERA [ ]
Offset Mode Fixed Frame Offset [kl 4

e e T
Offset Frame 10 Measure automatically s

Not set l 5

Image Logging Mode ® |Log Failed Images [§1

[Time to Find 0 ms

L o o LN L H el | &

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

3 From the [Camera] drop-down box, select the camera data to be used.
Select the camera data specified in Setup Edition Subsection 1.3.1, "Camera Data Creation and
Teaching".
4 From the [Offset Mode] drop-down box, select [Fixed Frame Offset].
From the [Offset Frame] drop-down box, select the user frame to set or "Measure automatically”.
Refer to Setup Edition Subsection 1.3.2, "Offset Frame Setting" for the setting methods.

W

1.3.3.2 Command tool teaching

1 Place a workpiece in the field of view of the camera.
Move the robot to the measurement position where the workpiece can be snapped.
Record this robot position as the first measurement position. Refer to the sample program in Setup
Edition Subsection 1.3.4, "Robot Program Creation and Teaching". P[1] in line 4 is the first
measurement position. Record the current robot position to P[1].
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iRVision Vision Setup - VP2S
R rl E3 VA o AR5 AL
'Hz—D Single-View Vision Process [4 l_ 2
GPM Locator Tool 1 3
Offset Data Calculation Tool
& | L 4
Snap Window Full Window' Set
Resolutio: Reduction 2>I<I ’
e mote®  rocold
Exposure Time £ ms
Multi Exposures -1
LED Type None K2
Image Display Mode  Snapped Image |5
[Time to Find: 423 ms
© =0 ] [Ex
3 Set up the snap tool.
The snap tool is a tool that snaps images that are used to teach and find models. Set the snap
conditions such as the snap window and the exposure time. For details, refer to the description of
Snap Tool in the "iRVision OPERATOR’S MANUAL (Reference) B-83914EN".
4 Select a locator tool from the tree view and teach the model to use for detection.
By default, the GPM Locator Tool is set as the locator tool. For details of the GPM Locator Tool
and other command tools, refer to the description of Command Tools in the "iRVision
OPERATOR’S MANUAL (Reference) B-83914EN".
5  When the snap tool and the locator tool are set, set the reference position in the offset data

calculation tool. Refer to 1.3.3.3, "Reference position setting" for the setting.

1.3.3.3 Reference position setting

1

Select [Offset Data Calculation Tool] from the tree view.

v H 2-D Single-View Vision Process
=N Snap Tool 1
GPM Locator Tool 1

| —— )
4% Offset Data Calculation Tool v
2 &
Reference Data

2 Part Z Height 12.000| mm @UF [1]

Ref. Pos. Status Set ——— — 4

In the text box for [Part Z Height], enter the height of the detected part of the workpiece.
When the XY plane of the offset frame is apart from the detected part of the workpiece, enter the

distance.
Click [SNAP] and snap the image, and click [FIND] to detect the workpiece.

/\ CAUTION

Do not move the workpiece until the reference position setting is complete.
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SN
iJ:.-i
L

Part Z Height

/Workpiece

[ ® ' 1’/. \

Offset Frame Table

Offset Frame and Part Z Height

Click the [Set] button for [Ref. Pos. Status]

Check if [Ref. Pos. Status] is [Set].

Click [SAVE] and click [END EDIT].

Move the robot to the position where work to the workpiece (e.g. gripping it).

For an example, refer to the sample program in Setup Edition Subsection 1.3.4, "Robot Program
Creation and Teaching". P[2] in line 11 is the position to work to the workpiece. Record the
current robot position on P[2], and reference position setting is complete.

NN D b

1.3.4  Robot Program Creation and Teaching

The sample program is shown below. A vision process "A" is used. Add the "VOFFSET, VR"
instruction to the movement statement.

1:  UFRAME_NUM=1;

2:  UTOOL_NUM=1;

3:  R[1:Notfound]=0 ;

4:L P[1] 2000mm/sec FINE ;

5. WAITR[1];

6: VISION RUN_FIND'A' ;

7:  VISION GET_OFFSET 'A' VR[1] JMP LBL[100] ;
8: ;

9: IHandling ;
10:L P[2] 2000mm/sec CNT100 VOFFSET,VR[1] Tool Offset,PR[1] ;
11:L P[2] 500mm/sec FINE VOFFSET,VRI[1] ;
12: CALL HAND_CLOSE ;
13:L P[2] 2000mm/sec CNT100 VOFFSET,VR[1] Tool_Offset,PR[3] ;

14: 'Handling ;
15: JMP_LBL[900] ;
16: ;

17:  LBL[100];

18:  R[1:Notfound]=1 ;
20: ;

21: LBL[900];
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On line 4, move a camera to the snapping position. Execute a "WAIT" instruction to remove the
vibration of a camera on line 5. Execute the vision program [A] on line 6. Obtain the offset data on
line 7. Move the robot to approach position above the workpiece on line 10.  Since this is the approach
position to the workpiece, add the tool offset command so that the robot position is offset by PR[1] from
the workpiece (for example, above the workpiece). Move the robot to grasp position on line 11. Move
the robot to the escape position after grasping the workpiece on line 13.

1.3.5 Robot Compensation Operation Check

Check that a placed workpiece on the table can be detected and handled accuracy.

e Place the workpiece on the reference position, find it and check the handling accuracy. If the
accuracy of the offset is low, set the reference position again.

e Move the workpiece without rotation, find it and check the handling accuracy. If the offset
accuracy is good on the reference position but it lows on the edge of the field of view, it is possible
that ‘Part Z Height’ is not set properly. Check the [Part Z Height], refer to Setup Edition
Subsection 1.3.3.3, "Reference position setting".

e  Rotate the workpiece, find it and check the handling accuracy. If the accuracy of the offset is good
on the non-rotated workpiece but it lows on rotated workpiece, it is possible that the offset frame or
the calibration grid frame is not set properly. When set the frames using the touch-up method with
a pointer tool, check the TCP setting is precise. Moreover, check the offset frame and calibration
grid frame are set precisely. If there is necessary, retry the camera calibration. If it is difficult to
retry the camera calibration, the ADJ OFS may improve the situation without the re-set up the offset
frame and the calibration grid frame. ADJ OFS is included in VISION SUPPORT TOOLS.
Refer to the description of "ADJ OFS" in the "iRVision OPERATOR’S MANUAL (Reference)
B-83914EN" for details.

e  Depending on robot motion, a camera may vibrate at snap position. Execute "WAIT" instruction to
remove the possible vibration of a workpiece before the detection.

e  Start with lower override of the robot to check that the logic of the program is correct. Next,
increase the override to check that the robot can operate continuously.
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1.4 SETUP FOR TOOL OFFSET WITH FIXED CAMERA

Snap a gripped workpiece by the robot with misaligned, and measure the amount of the misaligned. The
robot places the workpiece accurately to the specified position.
An example layout of "tool offset with fixed camera" is shown below:

Fixed camera

Workpiece

Workpiece deviation plane
Offset frame

Example of a layout for a tool offset with a fixed camera

The setup procedures for the tool offset with thefixed camera is shown below:

1. Camera Data Creation and Teaching

2. Offset frame setting

Al |@

3. Vision process creation and teaching

-

4. Robot program creation and teaching

gt

5. Robot compensation operation check

When create the vision system newly, perform all of the above procedures. When the position of the
camera is changed or the cameras are exchanged, redo the camera calibration in ‘1 Camera Data Creation
and Teaching’. When you need to add a new kind of workpiece, if a camera calibration has been already
done, the re-calibration of the camera is not needed. Perform ‘3 Vision process creation and teaching’
and ‘4 Robot program creation and teaching’.
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1.4.1 Camera Data Creation and Teaching

Create a camera data and perform basic settings and calibration for the camera.
The Grid Pattern Calibration and the Robot-generated Grid Calibration can be used to calibrate a fixed
camera.

Grid Pattern Calibration
When the Grid Pattern Calibration is used for the calibration of tool offset, it is recommended to set the
calibration grid on a dummy workpiece. In the following figures, the calibration grid is installed on the
same position as the measurement position of workpiece. Prepare a dummy workpiece so that it can be
gripped instead of an actual workpiece, and install the calibration grid on the dummy workpiece. By
using this method, setup of the offset frame can be simplified.

Dummy workpiece

Calibration grid
Workpiece deviation plane

How to attach a calibration grid

When install a calibration grid so that the XY plane of the calibration grid is parallel with the plane where
a workpiece moves, a setup of the offset frame becomes easy. For details of the grid frame calibration,
refer to Know-how Edition Section 2.1, "GRID PATTERN CALIBRATION WITH A FIXED
CAMERA".

Robot-generated Grid Calibration

When the robot-generated grid calibration is used for the calibration of tool offset, it is recommended to
attach a target mark to a dummy workpiece for calibration. Prepare a dummy workpiece so that it can
be gripped instead of an actual workpiece, and install the target mark on the dummy workpiece. By
using this method, setup of the offset frame can be simplified.  Set a target mark so that the XY plane
of the target mark is parallel with the plane on where a workpiece moves.

For details of the Robot-generated Grid Calibration, refer to Know-how Edition Section 2.3,
"ROBOT-GENERATED GRID CALIBRATION".
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1.

4.2 Offset Frame Setting

1.

The offset frame is used for the calculation of the offset data in the 2D Single-view Vision Process. A
found position is outputted as a position on the offset frame. In the fixed frame offset, the offset frame
is set as a user frame, but in the tool offset, it is set as a tool frame.

Set a tool frame so that the XY plane of the tool frame is parallel with the workpiece deviation plane.
When the Grid Pattern Calibration is used, if the XY plane of the tool frame that is set in Know-how
Edition Subsection 2.1.4, "Calibration" is parallel with the workpiece deviation plane, the tool frame can
be used as the offset frame.

e

Offset frame
(= Tool frame)

Offset frame setting

When the Robot-generated Grid Calibration is used, if the XY plane of the tool frame (UTool for work
space) that is set in Know-how Edition Subsection 2.3.8, "Measuring target position" is parallel with the
deviation plane of the workipece, the tool frame can be used as the offset frame. In this case, it is
recommended to copy the values of the UTool for work space to another tool frame number and specify it
as the offset frame number. For example, when the UTool for work space number is 9, copy the value
of the UTool for work space to arbitrary another tool frame numbers (for example, the tool frame number
is 1), and select the tool frame number as the offset frame.

4.3  Vision Process Creation and Teaching

Create a vision process and teach it. In addition, teach the locator tools and set the reference position.

1.4.3.1 Vision process creation

1 Create a vision process for [2-D Single-View Vision Process].
For details of the vision process creation, refer to the description of creating new vision data in the
"iRVision OPERATOR’S MANUAL (Reference) B-83914EN".

2 On the vision data list screen, when the created vision process is selected and clicked [Edit], the
vision data edit screen will appear.

40
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iRVision Vision Setup - VP2S
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3 From the [Camera] drop-down box, select the camera data to be used.
Select the camera data specified in Setup Edition Subsection 1.4.1, "Camera Data Creation and
Teaching".

4 From the [Offset Mode] drop-down box, select [Tool Offset].

From the [Offset Frame] drop-down box, select the tool frame to set.

Select the frame number specified in Setup Edition Subsection 1.4.2, "Offset Frame Setting".

W

1.4.3.2 Command tool teaching

1 Place a workpiece in the field of view of the camera.
2 Move the robot to the measurement position where the workpiece can be snapped.

iRVision Vision Setup - VP2S
3 100% K1 =0 Bl = .
v H 2-D Single-View Vision Process r 3

GPM Locator Tool 1 4

Offset Data Calculation Tool _L

Snap Window Full Window' Set
Resolution Reduction ® 2x [

¢ ) Image Size 512x640 pix

Exposure Mode Fixed 58

Exposure Time ms
Multi Exposures 10,

LED Type none K2

Image Display Mode  Snapped Image 5

[Time to Find: 392 ms

"% o =0 M B

LIVE SNAP PLAYBACK SAVE END EDIT

3 Set up the snap tool.
The snap tool is a tool that snaps images that are used to teach and find models. Set the snap
conditions such as the snap window and the exposure time. For details, refer to the description of
Snap Tool in the "iRVision OPERATOR’S MANUAL (Reference) B-83914EN".
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4 Select a locator tool from the tree view and teach the model to use for detection.
By default, the GPM Locator Tool is set as the locator tool. For details of the GPM Locator Tool
and other command tools, refer to the description of Command Tools in "iRVision OPERATOR’S
MANUAL (Reference) B-83914EN".

5  When the snap tool and the locator tool are set, set the reference position in the offset data
calculation tool. Refer to 1.4.3.3, "Reference position setting" for the setting.

1.4.3.3 Reference position setting

1 Select [Offset Data Calculation Tool] from the tree view.

v H 2-D Single-View Vision Process
=} Snap Tool 1
GPM Locator Tool 1

1 & Offset Data Calculation Tool ¥
2 =1
Reference Data

2 —art Z Height 0 12.000) mm @UF [1]

Ref. Pos. Status @ Set _I —

2 In the text box for [Part Z Height], enter the height of the detected part of the workpiece.
When the XY plane of the offset frame is apart from the detected part of the workpiece, enter the
distance.
Enter an appropriate value as shown in the figure below.

., Camera
\l\

Offset frame

Workpiece

Part Z Height

Offset frame and Part Z Height

3 Click [SNAP] and snap the image, and click [FIND] to detect the workpiece.

/N CAUTION
Do not move the workpiece until the reference position setting is complete.

4 Click the [Set] button for [Ref. Pos. Status].
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9]

Check if [Ref. Pos. Status] is [Set].

Click [SAVE] and click [END EDIT].

7  Move the robot to the position to work to the workpiece (e.g. place it).

For an example, refer to the sample program in Setup Edition Subsection 1.4.4, "Robot Program
Creation and Teaching". P[2] in line 11 is the position to work to the workpiece. Record the
current robot position on P[2], and the reference position setting is complete.

(o)}

1.4.4 Robot Program Creation and Teaching

The sample program is shown below. A vision process "A" is used. Add the "VOFFSET, VR"
instruction to the movement statement.

UFRAME_NUM=1 ;

UTOOL_NUM=6 ;

R[1:Notfound]=0 ;

:L P[1] 2000mm/sec FINE ;

WAIT R[1];

VISION RUN_FIND 'A' ;

VISION GET_OFFSET 'A' VR[1] JMP LBL[100] ;

CoOoNIORWN 2

'Handling ;

10:L P[2] 2000mm/sec CNT100 VOFFSET,VR][1] Offset,PR[1] :
11:L P[2] 500mm/sec FINE VOFFSET,VR][1] ;

12: CALL HAND OPEN ;

13:L P[2] 2000mm/sec CNT100 VOFFSET,VR[1] Offset,PR[3] ;

14: 'Handling ;
15: JMP_LBL[900];
16: ;

17:  LBL[100];

18:  R[1:Notfound]=1 ;
19: ;

20: LBL[900];

On line 4, move a workpiece to the snapping position.  Execute a "WAIT" instruction to remove the
vibration of the workpiece on line 5. Execute vision process [A] on line 6. Obtain the offset data on
line 7. Move the robot to the approach position to place the workpiece on line 10. Since this is the
approach position, add the position offset command so that the robot position is offset by PR[1] from the
workpiece (for example, above the workpiece position). Move the robot to the position to place the
workpiece on line 11. Move the robot to the escape position after the workpiece is placed on line 13.

1.4.5 Robot Compensation Operation Check

Check that a gripped workpiece by the robot can be detected and placed accuracy.

e Place the workpiece on the reference position, find it and check the handling accuracy. If the
accuracy of the offset is low, set the reference position again.

e  Move the workpiece without rotation, find it and check the handling accuracy. If the accuracy of
the offset is good on the reference position but it lows on the edge of the field of view, it is possible
that [Part Z Height] is not set properly.  Check the [Part Z Height], refer to Setup Edition
Subsection 1.4.3.3, "Reference position setting".

e  Rotate the workpiece, find it and check the handling accuracy. If the accuracy of the offset is good
on the non-rotated workpiece but it lows on rotated workpiece, it is possible that the offset frame or
the calibration grid frame is not set properly. When set the frames using the touch-up method with
a pointer tool, check the TCP setting is precise. Moreover, check the offset frame and calibration
grid frame are set precisely. If there is necessary, retry the camera calibration.
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Depending on robot motion, a workpiece may vibrate at snap position. Execute "WAIT"

instruction to remove the vibration of a workpiece before the detection.

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

44
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2 2D MULTI VIEW VISION PROCESS

The 2D Multi-view Vision Process measures the multiple points of a workpiece and offsets the robot with
the two-dimensional. This function is used for the measurement of the large workpiece which cannot be
fit in the field of view of a single camera. This chapter describes the setup procedure for 2D Multi-view
Vision Process by using the following three application examples:

. Fixed frame offset with fixed camera
° Fixed frame offset with robot-mounted camera
° Tool offset with fixed camera

The basic setting procedures are the same as the 2D Single-view Vision Process. The 2D Multi-view
Vision Process uses the ‘camera views’. Only in this regard, the 2D Multi-view Vision Process differs
from the 2D Single-view Vision Process.

Fixed frame offset with fixed camera
An example of layout for ‘fixed frame offset with fixed camera’ is shown below. A robot detects two
measurement points of a workpiece with two cameras, and performs the Fixed frame offset.

& Camera

-

Camera view 2

Workpiece

Example of a layout for a fixed frame offset with a fixed camera
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Fixed frame offset with robot-mounted camera
An example of layout for ‘fixed frame offset with robot-mounted camera’ is shown below. A robot
detects two measurement points of a workpiece with a robot mounted camera, and performs Fixed frame
offset.

Camera

Camera view 2

Example of a layout for a fixed frame offset with a robot-mounted camera
Tool offset with fixed camera

An example of layout for ‘tool offset with fixed camera’ is shown below. A robot detects two
measurement points of a workpiece with two cameras, and performs the Tool offset.

Camera

Camera view 1

Workpiece

Example of a layout for a tool offset with two fixed cameras
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The following figure is another example. A robot detects two measurement points of a workpiece with a
single camera and performs the Tool offset.

Camera

Camera view 2

. / Camera view 1
Workpiece

Example of a layout for a tool offset with a fixed camera

2.1 FEATURES AND NOTES

Feature

e  Measure the multiple measurement points of a large workpiece which cannot be fit in the field of
view of a single camera, and offset the robot on the two-dimensional.

e Fixed frame offset and Tool offset are supported.

e  Fixed camera and robot-mounted camera can be used.

e  When a robot-mounted camera is used, the position of a workpiece can be measured even when the
robot moves in the X and Y directions of the offset frame. This is because, iR Vision calculates the
positions of the workpiece based on the current position of the robot.

e  The offset is applied to the XY and R directions. Therefore, each measurement plane should be
parallel to the XY plane of the offset frame and should not be tilted.

e  Up to the four measurement points (four camera views) can be set.

e Even when a fixed camera or a robot-mounted camera is used, the optical axis of the camera should
be vertical to the XY plane of the offset frame. When the position of the camera is tilted against
the measurement points of the workpiece, the shape of the workpiece in the image may change
depending on the location of the workpiece, so the detection may become difficult.
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2

2 SETUP FOR FIXED FRAME OFFSET WITH FIXED

CAMERA

2.

The setup procedures for the fixed frame offset with the fixed camera is shown below:

1. Camera Data Creation and Teaching

2. Offset frame setting

al|@

3. Vision process creation and teaching

-

4. Robot program creation and teaching

gt

5. Robot Compensation Operation Check

When create the vision system newly, perform all of the above procedures. When the position of the
installed camera is changed or the cameras are exchanged, redo the camera calibration in ‘1 Camera Data
Creation and Teaching’. When you need to add a new kind of workpiece, if a camera calibration has
been already done, the re-calibration of the camera is not needed. Perform ‘3 Vision process creation
and teaching’ and ‘4 Robot program creation and teaching’.

2.1 Camera Data Creation and Teaching

Create a camera data and perform the basic settings and the calibration for the camera.

In the 2-D Multi-View Vision Process, the camera calibrations are required for each camera. Create the
camera data as many as the number of camera units. As an example, two camera data should be taught
in the below figure.

48
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-l
-

Camera 1

Camera 2

Camera view 2

Example of a layout for creating camera data for each camera

The Grid Pattern Calibration and the Robot-generated Grid Calibration can be used to calibrate a fixed
camera.
Grid Pattern Calibration

When the calibration grids are installed on the table, set the calibration grid frames of each camera and
perform the calibration as the following figure.

B-83914EN-2/03
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4

Pointer tool

Calibration grid frame 1

Calibration grid

Calibration grid frame 2

Installation example for Grid Pattern Calibration

As the following figure, a calibration can also be performed with the installed calibration grid on the
robot. In this case, the calibration can be performed with only the one calibration grid frame. When
set the calibration grid information, the grid frame setting is recommended.

Calibration grid frame
( =Tool frame)

Calibration grid

Installation example for a calibration grid attached to the robot's wrist

For details of the grid frame calibration, refer to Know-how Edition Section 2.1, “GRID PATTERN
CALIBRATION WITH A FIXED CAMERA”.
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Robot-Generated Grid Calibration
When the Robot-generated Grid Calibration is used, the camera calibration for each camera can be
performed with a target. For details of the Robot-generated Grid Calibration, refer to Know-how
Edition Section 2.3, “ROBOT-GENERATED GRID CALIBRATION”.

2.2.2 Offset Frame Setting

The offset frame is used for the calculation of the offset data. The position of a found workpiece is
outputted as the position on the offset frame. In the fixed frame offset, the offset frame is set as a user
frame. Set an offset frame so that the XY plane of the offset frame is parallel with the table plane where
the workpiece is placed. When the offset frame is not parallel with the plane where the workpiece is
placed, the accuracy of offset may become low.

In the 2-D Multi-View Vision Process, the camera data are created as many as the number of camera units,
but only one offset frame is required.

Measurement point ¥ 1 camera

| Measurement point # 2 camer

Workpiece

Offset framie Pallet

Offset frame setting

‘“Touch-up with the pointer tool’ and ‘Automatic Grid Frame Setting Function’ can be used to set the
offset frame.

Touch-up
When set the user frame by touch-up method, a pointer tool with TCP is needed. In general, attach the
pointer tool to the robot hand and set the TCP accurately at the tip of the pointer tool. If the accuracy of
TCP setting is low, the accuracy of the offset is also degraded. Set a TCP in an arbitrary tool frame.
When you reuse the pointer tool later, install the pointer tool in where the same location as when the TCP
setting had performed. If the reproducibility of pointer installation is not assured, a TCP setting needs
again. For details, refer to Know-how Edition Subsection 1.1.1, "User Frame Setting".
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Grid Frame Setting Function

2.

The Grid Frame Setting Function sets the user frame on the calibration grid frame by using a camera.
Install a calibration grid so that the XY plane of the calibration grid is parallel with the plane where the
workpiece is placed, and perform the Grid Frame Setting Function. For details, refer to Know-how
Edition Section 1.2, "FRAME SETTING WITH THE GRID FRAME SETTING FUNCTION".
When a fixed camera is used, prepare another temporary camera to perform the Grid Frame Setting
Function. The Grid Frame Setting Function can be only used with the 6-axis robot. This function
cannot be used with the 4-axis robot and the 5-axis robot. When the 4-axis robot or the 5-axis robot is
used, use the touch-up method.

2.3  Vision Process Creation and Teaching

Create a vision process and teach it.

The basic setting procedures are the same as the 2D Single-view Vision Process. The 2D Multi-view
Vision Process uses the ‘camera views’. Only in this regard, the 2D Multi-view Vision Process differs
from the 2D Single-view Vision Process. For each measurement point, a camera view is named [camera
view 1] or [camera view 2]. The snap tool and the locator tool such as the GPM Locator Tool are added
under each camera view.

1st view position \ \_,) \\

1st point

O

“2nd point '

Workpiece

Pallet 2nd view position

Vision process creation and teaching
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The setup procedures for the 2D Multi-view Vision Process is shown below:

Teach locator tool for [Camera View 1].

-

Teach locator tool for [Camera View 2].

-

Select [Camera View 1] and click [SNAP] to snap an image, and click [FIND]
to detect a workpiece.

-

Select [Camera View 2] and click [SNAP] to snap an image, and click [FIND]

to detect a workpiece.

Select [2D Multi-View Vision Process] then set a reference position.

Set the reference position without moving the workpiece after snapping the images of the workpiece by

two camera views.

Note that the snapped images will be cleared if the vision setup screen is closed. If

reopened the vision setup screen, snap again the workpiece by the two camera views before trying to set
the reference position again.

2.2.3.1

Vision process creation

1 Create a vision process for [2-D Multi-View Vision Process].
For details of a vision process creation, refer to the description of creating new vision data in
"iRVision OPERATOR’S MANUAL (Reference) B-83914EN".

2 On the vision data list screen, when a created vision process is selected and clicked [Edit], the vision
data edit screen will appear.

ICombine Error -— mm
[Time to Find 0 ms

eyl
LnJ
SNAP

iRVision Vision Setup - VP2M

Model ID
1

5] =]

100% 2 =i BEN =

M 27 2-D Multi-View Vision Process v
v E Camera View 1 [
snap Tool 1 [

GPM Locator Tool 1 [l
w P9 " m

Fixed Frame Offset [E
UF|1: UFramer  [E3

Offset Mode 12
Offset Frame 0
Image Logging Mode £ Log Failed Images [E

Fit Err.

2

= A

M)
A

SNAP+FIND

o

FIND CONT S+F

3 From the [Offset Mode] drop-down box, select [Fixed Frame Offset].

END EDIT
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4 From the [Offset Frame] drop-down box, select the user frame to set.
Select the frame number specified in Setup Edition Subsection 2.2.2, "Offset Frame Setting".

2.2.3.2 Camera view teaching

Teach the snap tool and the locator tool such as GPM Locator Tool, for each camera view.

1 Place a workpiece in the field of view of the camera.
2 Select [Camera View 1] from the tree view.

iRVision Vision Setup - VP2M

([ F[=]/] o A AN 2
VE 2-D Multi-View Vision Process A 2
iy 1

Snap Tool 1 5

GPM Locator Tool 1 _|_

—

& 6
Camera B CAMERAL [ ] 3

Part Z Height 12.000] MM @UF [1]

@ .

1 1

[Time to Find 8 ms 72.28 1036.80 100.0 128.3 0.00

o L] =) LA =0 (| B2

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

3 From the [Camera] drop-down box, select the camera data to be used.
Select the camera data specified in Setup Edition Subsection 2.2.1, "Camera Data Creation and
Teaching".

4 In the text box for [Part Z Height], enter the height of the detected part of the workpiece.
When the XY plane of the offset frame is apart from the detected part of the workpiece, enter the
distance.
Enter an appropriate value for each camera view as shown in the figure below.
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A A 1st view position 2ndjview position
| |
\
\
v g N i Part Z Height of camera view 1 \
. I:
-

Offset Frame Workpiece Pallet Part Z Height of camera view 2

Offset Frame and Part Z Height

5 Set up the snap tool.
The snap tool is a tool that snaps images that are used to teach and find models. Set the snap
conditions such as the snap window and the exposure time. For details, refer to the description of
Snap Tool in "iRVision OPERATOR'S MANUAL (Reference) B-83914EN".

6  Select a locator tool from the tree view and teach the model used in detection.
By default, the GPM Locator Tool is set as the locator tool. For details of the GPM Locator Tool and
other command tools, refer to the description of Command Tools in "iRVision OPERATOR'S
MANUAL (Reference) B-83914EN".

7  Click [SNAP] to snap an image.

8  After [Camera View 1] setup is completed, repeat the steps from 2 to 7 for another camera view in
the same way.

Memo
—To add a camera view, select the vision process in the tree view and click the EJ
button.
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2.2.3.3 Setting the reference position

1
2

Select [Offset data Calculation Tool] in the tree view.
Click [FIND] to find the workpiece for all camera views.

/\ CAUTION

Do not move the workpiece until the reference position setting is complete.

98]

9]

v E 2-D Multi-View Vision Process

4 E Camera View 1
> E Camera View 2

] —— % Offset data Calculation Tool v
t il

Ref. Pos. Status I Set Set — 3

Average Reference X ¥ 493 405 mm

Average Reference Y 554.380 mm

Click the [Set] button for [Ref. Pos. Status]

Check that [Ref. Pos. Status] becomes [Set] and the values for [Average Reference X] and [Average
Reference Y] is displayed.

The values are the position of the center of gravity of the workpiece on the offset frame.

Click [Save] and click [End Edit].

Move the robot to the position to work to the workpiece (e.g. gripping it).

For an example, refer to the sample program in Setup Edition Subsection 2.2.4, "Robot Program
Creation and Teaching". P[2] in line 11 is the position to work to the workpiece. Record the
current robot position on P[2], and the reference position setting is complete.

2.2.4 Robot Program Creation and Teaching

The sample program is shown below. A vision process [A] is used. Two measurement points of a large
workpiece are detected. When the fixed cameras are used, it is not necessary to specify the camera view
number to the [VISION RUN FIND] instruction. Add the "VOFFSET, VR" instruction to the
movement statement.

10:L P[2] 2000mm/sec CNT100 VOFFSET,VR[1] Tool Offset,PR[1] ;
11:L P[2] 500mm/sec FINE VOFFSET,VRI[1] ;

12: CALL HAND_CLOSE ;

13:L P[2] 2000mm/sec CNT100 VOFFSET,VR[1] Tool_Offset,PR[3] ;

14: 'Handling ;
15:  JMP_LBL[900];
16:

17:  LBL[100];

18: R[1:Notfound]=1 ;
19: ;

20: LBL[900];

1:  UFRAME_NUM=1;

2:  UTOOL_NUM=1;

3:  R[1:Notfound]=0 ;

4:L P[1] 2000mm/sec FINE ;

5: :

6: VISION RUN_FIND'A' ;

7:  VISION GET_OFFSET 'A' VR[1] JMP LBL[100] ;
8 .

IHandling ;
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Detect the workpiece on line 6. Obtain the offset data on line 7. Move the robot to the approach position

above the workpiece on line 10.  Since this is the approach position to the workpiece, add the tool offset

command so that the robot position is offset by PR[1] from the workpiece (for example, above the
workpiece). Line 11 is the picking position. Move the robot to the escape position after grasping the
workpiece on line 13. When a fixed camera is used, the measurement of all camera views can be

executed by calling once the [VISION RUN_FIND] instruction. After the images of all camera views

have been snapped, the line after the [VISION RUN_FIND] instruction is executed.

2.2.5 Robot Compensation Operation Check

Check that multiple points of a workpiece can be detected and that the workpiece can be handled
accuracy.

e Place the workpiece on the reference position. Find it and check the handling accuracy. If the
accuracy of the offset is low, set the reference position again.

e Move the workpiece without rotation, find it and check the handling accuracy. If the offset
accuracy is good on the reference position but it lows on the edge of the field of view, it is possible
that Part Z Height is not set properly. Refer to Setup Edition Subsection 2.2.3.2, "Camera view
teaching" and make sure that [Part Z Height] is correctly set for the workpiece.

e  Rotate the workpiece, find it and check the handling accuracy. If the accuracy of the offset is good
on the non-rotated workpiece but it lows on rotated workpiece, it is possible that the offset frame or
the calibration grid frame is not set properly. When set the frames using the touch-up method with
a pointer tool, check the TCP setting is precise. Moreover, check the offset frame and calibration
grid frame are set precisely. If there is necessary, retry the camera calibration.

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

#Memo
If the workpiece cannot be found correctly due to a variation in the distances
between measurement points, e.g., due to individual difference of workpieces,
switch to the advanced mode in [Offset data Calculation Tool] and set [Combine
Error Limit].
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2.3 SETUP FOR FIXED FRAME OFFSET WITH
ROBOT-MOUNTED CAMERA

The setup procedures for the fixed frame offset with the robot-mounted camera is shown below:

1. Camera Data Creation and Teaching

2. Offset frame setting

al|@

3. Vision process creation and teaching

-

4. Robot program creation and teaching

gt

5. Robot Compensation Operation Check

When create the vision system newly, perform all of the above procedures. When the position of the
camera on the robot mechanical interface (the robot face plane) is changed or the cameras are exchanged,
redo the camera calibration in ‘1 Camera Data Creation and Teaching’. When you need to add a new
kind of workpiece, if a camera calibration has been already done, the re-calibration of the camera is not
needed. Perform ‘3 Vision process creation and teaching’ and ‘4 Robot program creation and teaching’.

2.3.1 Camera Data Creation and Teaching

Create a camera data and perform basic settings and calibration for the camera.

When the 2D Multi-view Vision Process is performed with a robot-mounted camera, measure the
multiple points on a workpiece by one camera. So, teach just one camera data. When using a
robot-mounted camera, perform the Grid Pattern Calibration. In the case of a robot-mounted camera,
the Robot-generated Grid Calibration cannot be used. For details of the grid frame calibration, refer to
Know-how Edition Section 2.2, “GRID PATTERN CALIBRATION WITH A ROBOT-MOUNTED
CAMERA”.

2.3.2 Offset Frame Setting

The offset frame is used for the calculation of the offset data. The position of a found workpiece is
outputted as the position on the offset frame. In the fixed frame offset, the offset frame is set as a user
frame.

Set an offset frame so that the XY plane of the offset frame is parallel with the table plane where the
workpiece is placed. When the offset frame is not parallel with the plane where the workpiece is placed,
the accuracy of offset may become low.
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Workpiece

Offset frame

Offset frame setting

There are two methods to teach the offset frame, one is touch-up with the pointer tool, and another is the
Automatic Grid Frame Setting Function.

Touch-up
When set the user frame by touch-up method, a pointer tool with TCP is needed. In general, attach the
pointer tool to the robot hand and set the TCP accurately at the tip of the pointer tool. If the accuracy of
TCP setting is low, the accuracy of the offset is also degraded. Set a TCP in an arbitrary tool frame.
When you reuse the pointer tool later, install the pointer tool in where the same location as when the TCP
setting had performed. If the reproducibility of pointer installation is not assured, a TCP setting needs
again. For details, refer to Know-how Edition Subsection 1.1.1, "User Frame Setting".

Grid Frame Setting Function

The Grid Frame Setting Function sets the user frame on the calibration grid frame by using a camera.
Install a calibration grid so that the XY plane of the calibration grid is parallel with the plane where the
workpiece is placed, and perform the Grid Frame Setting Function. For details, refer to Know-how
Edition Section 1.2, "FRAME SETTING WITH THE GRID FRAME SETTING FUNCTION". When a
robot-mounted camera is used, the camera can be used for the Grid Frame Setting Function. When there
is not sufficient space to perform the Grid Frame Setting Function with the camera, prepare another
temporary robot-mounted camera and perform the Grid Frame Setting Function. The Grid Frame
Setting Function can be only used with the 6-axis robot. This function cannot be used with the 4-axis
robot and the 5-axis robot. When the 4-axis robot or the 5-axis robot is used, use the touch-up method.
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2.3.3  Vision Process Creation and Teaching

Create a vision process and teach it.

The basic setting procedures are the same as the 2D Single-view Vision Process. The 2D Multi-view
Vision Process uses the ‘camera views’. Only in this regard, the 2D Multi-view Vision Process differs
from the 2D Single-view Vision Process. For each measurement point, a camera view is named [camera
view 1] or [camera view 2]. The snap tool and the locator tool such as the GPM Locator Tool are added

under each camera view.
{ ) Camera view 1

QO

2nd point

Camera view 2

1st view position

‘Workpiece

2nd view position

Vision process creation and teaching
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The setup procedures for the 2D Multi-view Vision Process is shown below:

1. Move the robot to the first measurement position, and teach the locator tool for

[Camera View 1]. 2
2. Select [Camera View 1] and click [SNAP] to snap an image of the

workpiece.

=

3. Move the robot to the second measurement position, and teach the locator tool
for [Camera View 2].

=

4. Select [Camera View 2] and click [SNAP] to snap an image of the
workpiece.

=

—_

5 Select [Offset data Calculation Tool] and set a reference position.

Set the reference position without moving the workpiece after snapping the images of the workpiece by
two camera views. Note that the snapped images will be cleared if the vision setup screen is closed. If
reopened the vision setup screen, snap again the workpiece by the two camera views before trying to set
the reference position again.

2.3.3.1 Vision process creation

1 Create a vision process for [2-D Multi-View Vision Process].
For details of the vision process creation, refer to the description of creating new vision data in
"iRVision OPERATOR’S MANUAL (Reference) B-83914EN".

2 On the vision data list screen, when a created vision process is selected and clicked [Edit], the vision
data edit screen will appear.

iRVision Vision Setup - VP2M

o Es 100% K2 =N [

E camera View 1 [

Snap Tool t
GPM Locator Tool 1 [ o
w Y " m 3
oOffset Mode Fixed Frame Offset |5 ——I_
Offset Frame UF|1: UFrame1 K2 4

Image Logging Mode® |Log Failed Images [§

Fit Err.

Combine Error — mm Model 1D
1

[Time to Find 0 ms
2

M1
LHJ

SNAP+FIND

= S

CONT S+F END EDIT

Ira
LnJ

SNAP

o

FIND

3 From the [Offset Mode] drop-down box, select [Fixed Frame Offset].
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4

From the [Offset Frame] drop-down box, select the user frame to set.
Select the frame number specified in Setup Edition Subsection 2.3.2, "Offset Frame Setting".

2.3.3.2 Camera view teaching

Teach the snap tool and the locator tool such as GPM Locator Tool, for each camera view.

1 Place a workpiece in the field of view of the camera.
Move the robot to the measurement position where the workpiece can be snapped.
Record this robot position as the first measurement position. Refer to the sample program in Setup
Edition Subsection 2.3.4, "Robot Program Creation and Teaching". P[1] in line 4 is the first
measurement position. Record the current robot position to P[1].
3 Select [Camera View 1] from the tree view.
iRVision Vision Setup - VP2M
el P E2 VA oo CIBCA|ICRIEA B~ -
VEZ—D Multi-View Vision Process %4 A_I_ 3
MO Comero view 1 v
Snap Tool 1 6
¥ PmM Locator Tool 1
ﬁ-l_ 7
Camera 9 HAND_CAMERA [ v] 4
Part Z Height mm @UF [1] —Ll_
5
Found 1
[Time to Find 7 ms 1 64.26 1007.01 1 100.0 130.4 0.00
{e} & L] = =0 M B
SNAP FIND SNAP+FIND CONT S+F PLAYBACK END EDIT
4 From the [Camera] drop-down box, select the camera data to be used
Select the camera data specified in Setup Edition Subsection 2.3.1, "Camera Data Creation and
Teaching".
5  Enter the height of the measurement plane of workpiece in the text box in [Part Z Height].
If there is a distance between the XY plane of the offset frame and the measurement plane of the
workpiece, enter the value.
Set an appropriate value for each camera view as shown in the figure below.
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O Camera
30
ﬂ—l._ > i
n
I" ] Ist view position
oo o Part Z Height of camera view 1
. _.-' ' 7 2nd view position
l /- Part Z Height of camera view 2
E
Offset Frame Workpiece Pallet
Offset Frame and Part Z Height
6  Set up the snap tool.
The snap tool is a tool that snaps images that are used to teach and find models. Set the snap
conditions such as the snap window and the exposure time. For details, refer to the description of
Snap Tool in "iRVision OPERATOR’S MANUAL (Reference) B-83914EN".
7  Select a locator tool from the tree view and teach the model to use for detection.
By default, the GPM Locator Tool is set as the locator tool. For details of the GPM Locator Tool
and other command tools, refer to the description of Command Tools in "iRVision OPERATOR’S
MANUAL (Reference) B-83914EN".
8  Click [SNAP] to snap an image.
9  After [Camera View 1] setup is completed, repeat the steps from 2 to 8 for another camera view in
the same way.
# Memo

When you add a camera view, select the vision process from the tree view and
click the [ button.
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2.3.3.3 Reference position setting

1 Select [Offset data Calculation Tool] in the tree view.
/N CAUTION
Regarding the following steps, do not click [SNAP] on the offset data calculation
tool until the reference position setting is completed. Otherwise, images are
snapped at the current position for all camera views and prevent you from setting
the reference position. Also, do not move the workpiece.
2 Click [FIND] to find the workpiece for all camera views.
v E 2-D Multi-View Vision Process
4 E Camera View 1
> E Camera View 2
(e g+ Ot o Calculation Tool v |
4 1
Ref. Pos. Status ¥ Set Set —
Average Reference X 1» 532.824 mm
Average Reference Y 547.259 mm 4
3 Click the [Set] button for [Ref. Pos. Status]
4 Check that [Ref. Pos. Status] becomes [Set] and the values for [Average Reference X] and [Average
Reference Y] is displayed.
The values are the position of the center of gravity of the workpiece on the offset frame.
5 Click [Save] and click [End Edit].
6  Move the robot to the position to work to the workpiece (e.g. gripping it).

Refer to the sample program in Setup Edition Subsection 2.3.4, "Robot Program Creation and
Teaching". P[3] in line 14 is the position to work to the workpiece. Record the current robot
position on P[3], and the reference position setting is completed.
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234

Robot Program Creation and Teaching

The sample program is shown below. A vision process [A] is used. Two measurement points of a large
workpiece are detected while moving the robot-mounted camera. Program [A] has two camera views,
so add the each camera view number to the [VISION RUN _ FIND] instruction. Add the "VOFFSET,
VR" instruction to the movement statement.

1:  UFRAME_NUM=1;

2:  UTOOL_NUM=1;

3:  R[1:Notfound]=0 ;

4:L P[1] 2000mm/sec FINE ;

5. WAIT R[1];

6: VISION RUN_FIND 'A' CAMERA_VIEWI[1] ;
7:L P[2] 2000mm/sec FINE ;

8: WAITR[1];

9:  VISION RUN_FIND 'A' CAMERA_VIEWI[2] ;

10: VISION GET_OFFSET 'A' VR[1] JMP LBL[100] ;
11: ;
12:  'Handling ;

13:L P[3] 2000mm/sec CNT100 VOFFSET,VR[1] Tool_Offset,PR[1] ;
14:L P[3] 500mm/sec FINE VOFFSET,VR[1] ;

15: CALL HAND_CLOSE ;

16:L P[3] 2000mm/sec CNT100 VOFFSET,VR[1] Tool_Offset,PR[3] ;
17:  'Handling ;

18: JMP_LBL[900];

19: ;

20: LBL[100];

21:  R[1:Notfound]=1 ;
22: ;

23:. LBL[900];

After the snap of the image is completed on the [VISION RUN_FIND] instruction, the next line is
executed.

Move the robot to the snap position of camera view 1 on line 4. Execute “WAIT” instruction to remove
the vibration of the camera on line 5. Execute the detection on the camera view 1 of program [A] by the
vision detection instruction with on line 6. Move the robot to the position of camera view 2 to snap on
line 7. Get the offset data of the detected workpiece on line 10. Move the robot to the approach
position above the workpiece on line 13. Since this is the approach position to the workpiece, add the
tool offset command so that the robot position is offset by PR[1] from the workpiece (for example, above
the workpiece). Move the robot to grasp position on line 14. Move the robot to the escape position
after grasping the workpiece on line 16.
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2.3.5 Robot Compensation Operation Check

Check that the multiple points of a workpiece can be detected and that the workpiece can be handled
accuracy.

Place the workpiece on the reference position. Find it and check the handling accuracy. If the
accuracy of offset is low, set the reference position again.

Move the workpiece without rotation, find it and check the handling accuracy. If the offset
accuracy is good on the reference position but it lows on the edge of the field of view, it is possible
that [Part Z Height] is not set properly. Refer to Setup Edition Subsection 2.3.3.2, "Camera view
teaching" and make sure that [Part Z Height] is correctly set for the workpiece.

Rotate the workpiece, find it and check the handling accuracy. If the accuracy of the offset is good
on the non-rotated workpiece but it lows on rotated workpiece, it is possible that the offset frame or
the calibration grid frame is not set properly. When set the frames using the touch-up method with
a pointer tool, check the TCP setting is precise. Moreover, check the offset frame and calibration
grid frame are set precisely. If there is necessary, retry the camera calibration.

Depending on the robot motion, a camera may vibrate at snap position. Execute “WAIT”
instruction to remove the vibration of a workpiece before the detection.

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

#Memo

If the workpiece cannot be found correctly due to a variation in the distances
between measurement points, e.g., due to individual difference of workpieces,
switch to the advanced mode in [Offset data Calculation Tool] and set [Combine
Error Limit].

2.4

SETUP FOR TOOL OFFSET WITH FIXED CAMERA

An example of layout for ‘tool offset with fixed camera’ is shown below. A robot detects two
measurement points of a workpiece with two cameras, and performs tool offset.

Camera

Workpiece

Example of a layout for a tool offset with two fixed cameras
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The following figure is another example of a layout. A robot detects two measurement points of a

workpiece with a camera, and performs tool offset. A robot grips a workpiece and detects a point of

workpiece as the camera view 1. Next, the robot moves the workpiece and detects another point of

workpiece as the camera view 2. In the configuration such as the following layout, only one camera
data is needed. In other word, the same camera data is used in each camera view.

Camera

Camera view 1 Camera view 2

Workpiece

Example of a layout for a tool offset with a fixed camera

The setup procedures for the tool offset with the fixed camera is shown below:

1. Camera Data Creation and Teaching

2. Offset frame setting

al|e

3. Vision process creation and teaching

-

4. Robot program creation and teaching

gt

5. Robot Compensation Operation Check

When create the vision system newly, perform all of the above procedures. When the position of the
installed camera is changed or the cameras are exchanged, redo the camera calibration in ‘1 Camera Data
Creation and Teaching’. When you need to add a new kind of workpiece, if a camera calibration has
been already done, the re-calibration of the camera is not needed. Perform ‘3 Vision process creation
and teaching’ and ‘4 Robot program creation and teaching’.
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2.4.1 Camera Data Creation and Teaching

Create a camera data and perform basic settings and calibration for the camera.

In the 2-D Multi-View Vision Process, the camera calibrations are required for each camera. Create the
camera data as many as the number of camera units. As an example, two camera data should be taught
in the below figure.

Camera

Workpiece deviation plane Workpiece

Example of a layout for creating camera data for each camera

The Grid Pattern Calibration and the Robot-generated Grid Calibration can be used to calibrate a fixed
camera.

Grid Pattern Calibration

When the Grid Pattern Calibration is used for the calibration of tool offset, it is recommended to set the
calibration grid on a dummy workpiece. In this case, the calibration can be performed with only the one
calibration grid frame. When set the calibration grid information, the grid frame setting is recommended.
In the following figures, the calibration grid is installed on the same position as the measurement position
of workpiece. Prepare a dummy workpiece so that it can be gripped instead of an actual workpiece, and
install the calibration grid on the dummy workpiece. By using this method, setup of the offset frame can
be simplified. Install the calibration grid on the dummy workpiece so that the XY plane of the
calibration grid is parallel with the plane where the workpiece moves.
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Dummy workpiece

Calibration grid

Installation example for Grid Pattern Calibration

When install a calibration grid so that the XY plane of the calibration grid is parallel with the plane where
a workpiece moves, a setup of the offset frame becomes easy. For details of the grid frame calibration,
refer to Know-how Edition Section 2.1, "GRID PATTERN CALIBRATION WITH A FIXED
CAMERA".

Robot-generated Grid Calibration

When the robot-generated grid calibration is used for the calibration of tool offset, it is recommended to
attach a target mark to a dummy workpiece for calibration. Prepare a dummy workpiece so that it can
be gripped instead of an actual workpiece, and install the target mark on the dummy workpiece. By
using this method, setup of the offset frame can be simplified.  Set a target mark so that the XY plane
of the target mark is parallel with the plane on where a workpiece moves.

For details of the Robot-generated Grid Calibration, refer to Know-how Edition Section 2.3,
"ROBOT-GENERATED GRID CALIBRATION".

2.4.2 Offset frame Setting

The offset frame is used for the calculation of the offset data. A found position is outputted as a position
on the offset frame. In the fixed frame offset, the offset frame is set as a user frame, but in the tool
offset, it is set as a tool frame. In the 2-D Multi-View Vision Process, the camera data are created as
many as the number of camera units, but only one offset frame is required.

Set a tool frame so that the XY plane of the tool frame is parallel with the workpiece deviation plane.
When the Grid Pattern Calibration is used, if the XY plane of the tool frame that is set in Know-how
Edition Subsection 2.1.4, "Calibration" is parallel with the workpiece deviation plane, the tool frame can
be used as the offset frame.
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2.

Workpiece deviation plane

Offset frame T /
(=tool frame) p

Offset frame setting

When the Robot-generated Grid Calibration is used, if the XY plane of the tool frame (UTool for work
space) that is set in Know-how Edition Subsection 2.3.8, "Measuring target position" is parallel with the
deviation plane of the workipece, the tool frame can be used as the offset frame. In this case, it is
recommended to copy the values of the UTool for work space to another tool frame number and specify it
as the offset frame number. For example, when the UTool for work space number is 9, copy the value
of the UTool for work space to arbitrary another tool frame numbers (for example, the tool frame number
is 1), and select the tool frame number as the offset frame.

4.3  Vision Process Creation and Teaching

Create a vision process and teach it.

The basic setting procedures are the same as the 2D Single-view Vision Process. The 2D Multi-view
Vision Process uses the ‘camera views’. Only in this regard, the 2D Multi-view Vision Process differs
from the 2D Single-view Vision Process. For each measurement point, a camera view is named [camera
view 1] or [camera view 2]. The snap tool and the locator tool such as the GPM Locator Tool are added
under each camera view.
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1st measurement position

Camera view 1

)

| E—

2nd point

Workpiece

2nd measurement position

Vision process creation and teaching

The setup procedures for the 2D Multi-view Vision Process is shown below:

1.

Teach the locator tool for [Camera View 1].

=

Click [SNAP] for [Camera View 1] to snap an image of the workpiece.

=

Teach the locator tool for [Camera View 2].

=

Click [SNAP] for [Camera View 2] to snap an image of the workpiece.

=

Select [Offset data Calculation Tool]l and set a reference position.

Set the reference position without moving the workpiece after snapping the images of the workpiece by
two camera views. Note that the snapped images will be cleared if the vision setup screen is closed. If
reopened the vision setup screen, snap again the workpiece by the two camera views before trying to set
the reference position again.
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2.4.3.1 Vision process creation

1

Create a vision process for [2-D Multi-View Vision Process].
For details of vision process creation, refer to the description of creating new vision data in
"iRVision OPERATOR’S MANUAL (Reference) B-83914EN".

On the vision data list screen, when the created vision process is selected and clicked [Edit], the
vision data edit screen will appear.

=l N R 100 KANIEENEN Y Al
M 2% 2-D Multi-View Vision Process v A
v [¢] camera view 1l
snap Tool 1 [l
GPM Locator Tool 1 [
| = m

-

Offset Mode £ Tool Offset K ——
Robot Holding Part Group 1 2
Offset Frame UT 1: EOATL [+ ] —— /]

Image Logging Mode £ Log Failed Images 5

Combine Error — mm Model ID Fit Err.
1

[Time to Find 0 ms
2

Ire |
LnJ

SNAP

&

FIND

[y
L}

SNAP+FIND

= E)

CONT S+F END EDIT

From the [Offset Mode] drop-down box, select [Tool Offset].
From the [Offset Frame] drop-down box, select the tool frame to set.
Select the frame number specified in Setup Edition Subsection 2.4.2, "Offset Frame Setting."

2.4.3.2 Camera view teaching

Teach the snap tool and the locator tool such as GPM Locator Tool, for each camera view.

1 Grip a workpiece with the robot.
Move the robot to a position where the first detection part of the workpiece can be snapped.
Record this robot position as the first snap position. Refer to the sample program in Setup Edition
Subsection 2.4.4, "Robot Program Creation and Teaching”. P[1] in line 4 is the first snap position.
Record the current robot position to P[1].
3 Select [Camera View 1] from the tree view.
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iRVision Vision Setup - VP2M

PN 100% NS IFA ISR = |
VE 2-D Multi-View Vision Process A 3
[ J

Snap Tool 1 6

GPM Locator Tool 1 ,1_

—

& 7
camera CAMERAL [ —— ]

Part Z Height 0 12.000| MM @UT [1] s—

@ 5

Found 1 Model ID
1

[Time to Find 7 ms -472.06 497.38 1 100.0 1283 0.00

) L Gl | i | =

SNAP+FIND CONT S+F PLAYBACK END EDIT

4 From the [Camera] drop-down box, select the camera data to be used.
Select the camera data specified in Setup Edition Subsection 2.4.1, "Camera Data Creation and
Teaching".

5 In the text box for [Part Z Height], enter the height of the detected part of the workpiece.
If there is a distance between the XY plane of the offset frame and the measurement plane of the

workpiece, enter the value.
Enter an appropriate value for each camera view as shown in the figure below.

Fixed camera
2nd measurement position

Part Z Height of camera view 2

Workpiece

Offset Frame

Offset Frame and Part Z Height

6  Set up the snap tool.
The snap tool is a tool that snaps images that are used to teach and find models. Set the snap

conditions such as the snap window and the exposure time. For details, refer to the description of
Snap Tool in "iRVision OPERATOR'S MANUAL (Reference) B-83914EN".

7  Select a locator tool from the tree view and teach the model used in detection.
By default, the GPM Locator Tool is set as the locator tool. For details of the GPM Locator Tool and
other command tools, refer to the description of Command Tools in "iRVision OPERATOR'S

MANUAL (Reference) B-83914EN".
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8  Click [SNAP] to snap an image.
9  After [Camera View 1] setup is completed, repeat the steps from 2 to 8 for another camera view in
the same way.

s Memo
To add a camera view, select the vision process in the tree view and click the 3
button.

2.4.3.3 Setting the reference position

1 Select [Offset data Calculation Tool] from the tree view.

/\ CAUTION
Regarding the following steps, do not change the holding point of the workpiece
until the reference position setting is completed.

2 Click [FIND] to find the workpiece.

v E 2-D Multi-View Vision Process

| 4 E Camera View 1
> E Camera View 2

1 — ¢ Offset data Calculation Tool v
3 i

Ref. Pos. Status i) Set Set —— 3

Average Reference x i -33.201 mm

Average Reference Y 19.460 mm

3 Click the [Set] button for [Ref. Pos. Status]

4 Check that [Ref. Pos. Status] becomes [Set] and the values for [Average Reference X] and [Average
Reference Y] is displayed.
The values are the position of the center of gravity of the workpiece on the offset frame.

5  Click [Save] and click [End Edit].

6  Move the robot to the position to work to the workpiece (e.g. place it).
For an example, refer to the sample program in Setup Edition Subsection 2.4.4, "Robot Program
Creation and Teaching”". P[3] in line 14 is the position to work to the workpiece. Record the
current robot position on P[3], and the reference position setting is completed.
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244 Robot Program Creation and Teaching

The sample program is shown below. A vision process [A] is used. Add the "VOFFSET, VR"
instruction to the movement statement

1:  UFRAME_NUM=1;

2:  UTOOL_NUM=6 ;

3:  R[1:Notfound]=0 ;

4:L P[1] 2000mm/sec FINE ;

5. WAIT R[1];

6: VISION RUN_FIND 'A' CAMERA_VIEWI1] ;

7:L P[2] 2000mm/sec FINE ;

8:  WAITR[1];

9:  VISION RUN_FIND 'A' CAMERA_VIEWI[2] ;

10:  VISION GET_OFFSET 'A' VR[1] JMP LBL[100];

11: ;

12:  Handling ;

13:L P[2] 2000mm/sec CNT100 VOFFSET,VR[1] Tool_Offset,PR[1] ;
14:L P[2] 500mm/sec FINE VOFFSET,VR[1] ;

15: CALL HAND_OPEN ;

16:L P[2] 2000mm/sec CNT100 VOFFSET,VR[1] Tool_Offset,PR[3] ;

17:  'Handling ;
18: JMP_LBL[900];
19: ;

20: LBL[100];

21:  R[1:Notfound]=1 ;
22: ;

23: LBL[900];

Move the workpiece to the position to snap on line 4. Execute a “WAIT” instruction to remove the
vibration of the workpiece on line 5. Execute a camera view 1 of program “A” with the vision detection
instruction with the line 6. Move the workpiece to the position to snap at camera view 2 on line 7.
Obtain the offset data of the detected workpiece on line 10. Move the robot to the approach position to
place the workpiece on line 13. Since this is the approach position to the workpiece, add the position
offset command so that the robot position is offset by PR[1] from the workpiece (for example, above the
workpiece). Move the robot to the position where the robot places the workpiece on line 14. Move the
robot to escape position after the workpiece is placed on line 16.
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2.

4.5 Robot Compensation Operation Check

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

e Place the workpiece on the reference position, find it and check the handling accuracy. If the
accuracy of offset is low, set the reference position again.

e  Move the workpiece without rotation, find it and check the handling accuracy. If the accuracy of
offset is good on the reference position, but it is low for non-rotated workpiece on the edge of the
field of view, it is possible that [Part Z Height] is not set properly. Refer to Setup Edition
Subsection 2.4.3.2, "Camera view teaching" and make sure that [Part Z Height] is correctly set for
the workpiece.

e  Rotate the workpiece, find it and check the handling accuracy. If the accuracy of offset is good on
a workpiece without rotation, but it is low for rotated workpiece and lower for more rotated
workpiece, it is possible the offset frame or the calibration grid frame is not set properly. When
touch-up method is used to set up the frame, check the TCP setting is precise. Moreover, check the
offset frame and the calibration grid frame are set precisely. If there is necessary, retry the camera
calibration.

e Depending on robot motion, a workpiece may vibrate at snap position. Execute “WAIT”
instruction to remove the vibration of a workpiece before the detection.

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

# Memo
If the workpiece cannot be found correctly due to a variation in the distances
between measurement points, e.g., due to individual difference of workpieces,
switch to the advanced mode in [Offset data Calculation Tool] and set [Combine

Error Limit].
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3 DEPALLETIZING VISION PROCESS

The Depalletizing Vision Process is a vision process that performs compensation in the vertical direction
in addition to standard two-dimensional compensation. This function measures the height of the
workpieces based on the size of the workpiece image viewed by the camera. This section explains the
setup procedure for the Depalletizing Vision Process using the following two configurations as examples.

) "Fixed frame offset with fixed camera"
) "Fixed frame offset with robot-mounted camera"

For the each application, the basic program setting method is the same as for 2D Single-view Vision
Process. However, the Depalletizing Vision Process differs from the 2D Single-view Vision Process
about the method of reference position setting. Specifically, sets the relationship between the height of
workpieces and the size of the workpiece viewed by the camera. In this point, the Depalletizing Vision
Process differs from the 2D Single-view Vision Process.

Fixed frame offset with fixed camera
An example of layout for "fixed frame offset with fixed camera” is given below.

Camera

= s 2
"
\\4

i>(»3\’,_‘

Workpiece

Example of layout for fixed frame offset with fixed camera
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Fixed frame offset with robot-mounted camera
An example of layout for "fixed frame offset with robot-mounted camera" is given below.

Robot-mounted camera

Workpiece

Offset frame “=

Pallet

Example of layout for fixed frame offset with robot-mounted camera

3.1 FEATURES AND NOTES

Features

e This function performs compensation in the vertical (Z) direction in addition to ordinary
two-dimensional compensation.

e  The height (standard Z coordinate) of the workpieces are measured based on the size of the
workpiece image viewed by the camera.

e  After an operation for picking up a workpiece from one location of the pallet is taught, a workpiece
can be picked up from an arbitrary row/column/stage.

e  For robot-mounted cameras, the camera can be moved in the X, Y, and Z directions of the offset
frame in order to measure. This capability is provided because the current position of a robot is
considered in iR Vision calculation processing when a workpiece position calculation is made.

Notes

e As with the 2-D Single-View Vision Process, the fixed frame offset is applied to the XY and R
directions. Therefore, it is assumed that each measurement plane is parallel to the XY plane of the
offset frame, and not tilted.

e The camera position for measurement is determined from the thickness of a workpiece and the
number of layers.

e  When either a fixed camera or a robot-mounted camera is used, it is wanted that the optical axis of
the camera is normal to the XY plane of the offset frame. When the camera is attached in a
position that the optical axis of the camera is slantingly to the XY plane of the offset frame, it seems
that the shape of the workpiece is distorted depending on the place of a field of view. In this case,
it is possible that detection of the workpiece become difficult.
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e In order to absorb measurement errors in the App. Z Mode direction, it is recommended that you
prepare for the gripper a floating mechanism in the forwarding direction and a sensor for sensing
contact with the workpiece. For example, you can use a read switch of the cylinder and high speed
skipping to escape a robot hand when the hand and the workpiece contacts accidentally.

e  The height of the workpieces are measured based on the size of the workpiece image viewed by the
camera. As a guideline, two workpieces found one layer apart should have a difference in size by
at least 5%.

e  As the distance between the camera and workpiece increases, the precision in height measurement is
degraded. So, minimize this distance whenever possible.

e  As the distance between the camera and workpieces increases, the precision in height measurement
is degraded. If a workpiece to be measured is located far away, the workpiece can be measured
again by approaching the workpiece if the camera is robot-mounted. In this case, the same vision
program can be used. This is because the current position of the robot is considered when a
workpiece position calculation is made.

e  Ensure that the camera focuses on both the workpiece at the top and the workpiece at the bottom.

e  Ensure that lighting is provided evenly to the workpiece at the top and the workpiece at the bottom
whenever possible. This is a key to stable workpiece detection and precise size measurement.
When a robot-mounted camera is used, it is recommended to install a ring light around the camera.

3.2 SETUP FOR FIXED FRAME OFFSET WITH FIXED
CAMERA

Use the following setup procedure for "fixed frame offset with fixed camera":

1. Camera Data Creation and Teaching

2. Offset frame setting

] =

3. Vision process creation and teaching

-

4. Robot program creation and teaching

-

5. Robot Compensation Operation Check

When starting up a robot system that uses iR Vision, perform all of the tasks described above. When the
position of the fixed camera is shifted or cameras are exchanged, redo "1 Camera Data Creation and
Teaching". When a camera calibration has been already finished, in addition, a workpiece is changed or a
kind of workpiece is added, perform "3 Vision process creation and teaching". and "4 Robot program
creation and teaching".
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3.2.1 Camera Data Creation and Teaching

Create camera data and perform basic settings and calibration for the camera.
There are two kinds of methods for a camera calibration, those are Grid Pattern Calibration and
Robot-generated Grid Calibration.

Grid Pattern Calibration

If you install a calibration grid on the gripper, make the vertical movement distance for when calibrating
with two planes something that will cover the upper and lower ends of workpiece distribution in the
pallet.

Camera

1st detection

Distance to cover
the upper and
lower ends of the
workpiece

Calibration grid 2nd detection

Installation example for Grid Pattern Calibration

For the setup method for Grid Pattern Calibration, refer to Know-how Edition Section 2.1, " GRID
PATTERN CALIBRATION WITH A FIXED CAMERA".

Robot-generated Grid Calibration
When you perform 2-D Single-View Vision Process, robot-generated grid calibration is suitable because

a field of view size tends to broaden. For the setup method for robot-generated grid calibration, refer to
Know-how Edition Section 2.3, "ROBOT-GENERATED GRID CALIBRATION".
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3.2.2 Offset Frame Setting

An offset frame is a coordinate system used for calculation of the offset data. A found position is
outputted as a position in the offset frame. In the fixed frame offset, the offset frame is set as a user
frame.

Set an offset frame so that the XY plane of the offset frame is parallel with the table plane on which the
workpiece is placed. Otherwise, the required compensation precision may not be obtained.

Offset frame

Offset frame setting

There are two methods to teach the offset frame, one is touch-up with the pointer tool, and another is the
Automatic Grid Frame Setting Function.

Touch-up

To teach with touch-up with a pointer tool, a pointer tool with correct TCP setting is required. In
general, set the TCP accurately at the tip of pointer tool attached to the robot hand. If the accuracy of
this TCP setting is low, the precision in handling of a workpiece by the robot is also degraded, especially
when the workpiece is rotated. Set a robot TCP in an arbitrary tool coordinate system. To reuse the
pointer TCP, the reproducibility of pointer installation is required. If the reproducibility of pointer
installation is not assured, a TCP needs to be set each time a pointer is installed. For details, refer to
Know-how Edition Subsection 1.1.1, “User frame setting”.
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Grid Frame Set

The Grid Frame Setting Function sets the calibration grid frame using a camera. Install a calibration
grid so that the XY plane of the calibration grid is parallel with the plane on which the workpiece is
placed, and perform the Grid Frame Setting Function. For details, refer to Know-how Edition Section
1.2, “FRAME SETTING WITH THE GRID FRAME SETTING FUNCTION”. A calibration grid is
used for a setup. Moreover, in the case of a fixed camera, prepare a camera for the Grid Frame Setting
Function separately. And perform the Grid Frame Setting Function using the camera attached to the
arbitrary positions of a robot's hand. In addition, the Grid Frame Setting Function is usable with 6-axis
robots only. The function cannot be used with 4-axis robots and 5-axis robots. When using 4-axis
robots or 5-axis robots, perform the touch-up to set a frame.

3.2.3  Vision Program Creation and Teaching

Perform vision process creation and teaching. Perform teaching about the locator tools and set the
reference position.

The basic program setting method is the same as for 2D Single-view Vision Process. Unlike 2D
Single-view Vision Process, Depalletizing Vision Process sets the relationship between the height of
workpieces and the size of the workpiece viewed by the camera.

Scale

100% 111%
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Camera ti Camera

! \ /
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/

B o= NS R

Vision process creation and teaching
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3.2.3.1 Vision process creation

1 Create a vision process for [Depalletizing Vision Process].
For details on vision process creation, refer to the description of creating new vision data in the
"iRVision OPERATOR’S MANUAL (Reference) B-83914EN".

2 On the vision data list screen, if you select the created vision process and click [EDIT], the vision
data edit screen will appear.

iRVision Vision Setup - VPDS

S 100 EINEIENIEAN A
v

£ Depalletizing Vision Process v

Snap Tool 1
GPM Locator Tool 1 [l

Offset data Calculation Tool [l

3
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Offset Frame UF 1: UFrame1 K3
Image Logging Mode® Log Failed Imagesn

Found 0 [+ | x [ v ]2z R ModellD [ Score | _Contrast [ _FitEr._| Scale ]

[Time to Find 0 ms

IFe i
LnJ

SNAP

e

FIND

= M

[y .l
LHJ

SNAP+FIND

el

PLAYBACK

B2

CONT S+F END EDIT

3 From the [Camera] drop-down box, select the camera data to be used.
Select the camera data specified in Setup Edition Subsection 3.2.1, " Camera Data Creation and
Teaching".

4 From the [Offset Frame] drop-down box, select the user frame to set.
Select the frame number specified in Setup Edition Subsection 3.2.2, "Offset Frame Setting."
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3.2.3.2 Command tool teaching

1

Put a workpiece in place.

iRVision Vision Setup - VPDS

[ =] 3] Al
'E Depalletizing Vision Process r 2
(8] snap Tool 1 v
GPM Locator Tool 1 3

Offset data Calculation Tool

Snap Window Full Window Set
Resolution Reduction © 2x 5
Image Size 512x640 pix

Exposure Mode Fixed 5

Exposure Time msMEER
Multi Exposures 1K,

LED Type None K2

Image Display Mode Snapped Imagen

[Time to Find: 325 ms

G| M B

PLAYBACK END EDIT

Set up the snap tool.

The snap tool is a tool that snaps images that are used to teach and find models. Set the snap
conditions such as the snap range and exposure time. For details, refer to the description of Snap
Tool in "iRVision OPERATOR’S MANUAL (Reference) B-83914EN".

Select a locator tool in the tree view and teach the model to use for detection.

By default, the GPM Locator Tool is set as the locator tool. For details on the GPM Locator Tool
and other command tools, refer to the description of Command Tools in "iRVision OPERATOR’S
MANUAL (Reference) B-83914EN".

When the snap tool and the locator tool are set, set the reference position in the offset data
calculation tool. Refer to 3.2.3.3, "Reference position setting" for the setting.
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3.2.3.3

Reference position setting

1 Select [Offset data Calculation Tool] from the tree view.

v E Depalletizing Vision Process
o) Snap Tool 1

GPM Locator Tool 1

e el << Offset data Calculation Tool v

+

\App. Z Mode Calc. From Found Scale n

———
Use layer height

C
N

|

Output layer 3
Meas. Number 10
Reference Data
[+ |
1 1 Set
Madel ID
Layer error threshold 1 20 %
Reference Height 1 1 500.0 mm @UF[1]
Reference Scale 11 100.0| % Set 4.5.7
Reference Layer 1 2

Reference Height 2 % 750.0 mm @UF[1]

Reference Scale 2 115.8| % Set

Reference Layer 2

Ref. Pos. Status i Set Set

Reference X f? 731.7) mm

Reference Y 550.0) mm p— 11,12
Reference Z mm

Reference R 0.0/ ° -/

Limit Check Select I
None selected n

2 Click the BEEN icon to switch to the advanced mode.
3 Check [Use layer height] and [Output layer].

#Memo

1 When [Use layer height] is checked, it identifies which layer the target workpiece
is located on according to the size of the workpiece found in the vision process
and calculates the workpiece position based on the height information of the
corresponding layer. Since the same height information is applied for each layer,
stable height information can be used even when there are differences in size.
Use this function when a workpiece has large differences in height.

2 When [Output layer] is checked, it outputs the identified workpiece layer as a
measurement value to the vision register. This is useful for a program that
moves the robot differently for each layer of the workpiece. Specify the output
measurement number in [Meas. Number].

4 Enter the number of layers in the text box of [Reference Layer 1].

5  Measure the part height of a workpiece of [Reference Layer 1] as seen from the offset frame, and
enter it in the text box of [Reference Height 1].
Enter appropriate values as shown in the figure below.
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(o)}

10

Camera

Offset Frame

Offset frame and part Z height

Click [SNAP] to snap the image, and click [FIND] to detect the workpiece for [Reference Layer 1].
Click the [Set] button for [Reference Scale 1].

A value will be displayed in [Reference Scale 1], and a reference scale will be set.

Stack N layers of workpieces, and enter the number of layers in the text box of [Reference Layer 2].
Carry out steps 5 to 7 for [Reference Layer 2].

When [Reference Scale 2] is set, click [FIND] again to find the workpiece.

/N CAUTION
Do not move the workpiece until reference position setting is complete.

11
12
13

Click the [Set] button for [Ref. Pos. Status].

Check that [Ref. Pos. Status] has become [Set].

Jog the robot and move it to the position for performing work on the workpiece (e.g. gripping it).
For an example, refer to the sample program in Setup Edition Subsection 3.2.4, "Robot Program
Creation and Teaching". P[2] in line 11 is the position for performing work on the workpiece.
Record the current robot position to P[2], and the reference position setting is complete.
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3.24

Robot Program Creation and Teaching

In the sample program below, a vision process named "A" is used. For fixed frame offset, add the
"VOFFSET, VR" instruction as an operation statement.

oW

10:
11:
12:
13:
14:
15:
16:
17:
18:
19:
20:

UFRAME_NUM=1
UTOOL_NUM=1
R[1:Notfound]=0

L P[1] 2000mm/sec FINE

VISION RUN_FIND 'A'
VISION GET_OFFSET 'A' VR[1] JMP LBL[100]

IHandling

L P[2] 2000mm/sec CNT100 VOFFSET,VR[1] Tool_Offset,PR[2]
L P[2] 500mm/sec FINE VOFFSET,VR[1]

CALL HAND_CLOSE

L P[2] 2000mm/sec CNT100 VOFFSET,VR[1] Tool_Offset,PR[3]
IHandling

JMP_LBL[900]

LBL[100]
R[1:Notfound]=1

LBL[900]

Obtain the offset result of the detected workpiece on line 7. Move to the position above the workpiece on

line 10.

Since this is the approach position to the workpiece, add the tool offset command so that the robot

position is offset by PR[1] from the workpiece (for example, above the workpiece). Move to the grasp
position on line 11.  Move to the escape position after grasping the workpiece on line 13.

3.2.5 Robot Compensation Operation Check

Check that a workpiece placed on the pallet can be detected and handled precisely.

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

Move the workpiece without rotation, find it and check the handling accuracy. If the accuracy is
good for the reference position, but low for non-rotated workpiece on the edge of the field of view, it
is possible that Part Z Height is not set properly. Check the [Part Z Height], refer to Setup Edition
Subsection 3.2.3.3, “Reference position setting”.

Rotate the workpiece, find it and check the handling accuracy. If the accuracy is good for a moved
workpiece without rotation, but low for rotated workpiece and lower for more rotated workpiece, it
is possible that the offset frame or the calibration grid frame is not set properly. When performing
the touch-up with pointer tool to set up the frame, check the TCP setting is precise. Moreover,
check the offset frame and the calibration grid frame are set precisely, then retry the camera
calibration.

Stack several workpieces then move the robot to the top workpieces. Check that the robot moves
to the workpieces correctly. Remove the workpiece and repeat with the next workpiece. Start
with lower override of the robot to check that the logic of the program is correct. Next, increase
the override to check that the robot can operate continuously.
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3.3 SETUP FOR FIXED FRAME OFFSET WITH

ROBOT-MOUNTED CAMERA

Use the following setup procedure:

1. Camera Data Creation and Teaching

2. Offset frame setting

Qe

3. Vision process creation and teaching

=

4. Robot program creation and teaching

=

5. Robot Compensation Operation Check

When starting up a robot system that uses iR Vision, perform all of the tasks described above. When the
position of the camera on the robot mechanical interface frame (the robot face plane) is shifted or cameras
are exchanged, redo "1 Camera Data Creation and Teaching". When a camera calibration has been
already finished, in addition, a workpiece is changed or a kind of workpiece is added, perform "3 Vision
process creation and teaching." and "4 Robot program creation and teaching."
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3.3.1 Camera Data Creation and Teaching

Create camera data and perform basic settings and calibration for the camera.

Use Grid Pattern Calibration for a robot-mounted camera calibration. Robot-Generated Grid Calibration
cannot be used for robot-mounted cameras. If you install a calibration grid on the gripper, make the
vertical movement distance for when calibrating with two planes something that will cover the upper and
lower ends of workpiece distribution in the pallet.

1st detection

Distance to cover the upper and

Klowerends of the workpiece
\ 4

2nd detection

| Calibration grid

Installation example for Grid Pattern Calibration of robot-mounted camera

For the setup method for Grid Pattern Calibration, refer to Know-how Edition Section 2.2, "GRID
PATTERN CALIBRATION WITH A ROBOT-MOUNTED CAMERA".
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3.3.2 Offset Frame Setting

An offset frame is a coordinate system used for calculation of the offset data. A found position is
outputted as a position in the offset frame. In the fixed frame offset, the offset frame is set as a user
frame.

Set an offset frame so that the XY plane of the user frame is parallel with the table plane on which a
workpiece is placed. Otherwise, the required compensation precision may not be obtained.

Offset frame

Offset frame setting

There are two methods to teach the offset frame, one is touch-up with the pointer tool, and another is the
Automatic Grid Frame Setting Function.

Touch-up

To set up by touch-up, a pointer tool with a taught TCP is required. In general, set the TCP accurately
on the pointer installed on the robot gripper. If the accuracy of this TCP setting is low, the precision in
handling of a workpiece by the robot is also degraded, especially when the workpiece is rotated. Set a
robot TCP in an arbitrary tool coordinate system. To reuse the pointer TCP, the reproducibility of
pointer installation is required. If the reproducibility of pointer installation is not assured, a TCP needs
to be set each time a pointer is installed. For details, refer to Know-how Edition Subsection 1.1.1, “User
frame setting”.

Grid Frame Setting Function
The Grid Frame Setting Function sets the calibration grid frame using a camera. Install a calibration
grid so that the XY plane of the calibration grid is parallel with the plane on which the workpiece is
placed, and perform the Grid Frame Setting Function. For details, refer to Know-how Edition Section
1.2, “FRAME SETTING WITH THE GRID FRAME SETTING FUNCTION”. A calibration grid is
used for a setup. In the case of a robot-mounted camera, the Grid Frame Setting Function can be
performed with the camera currently used. When there is not sufficient space to perform Grid Frame
Setting Function with the camera currently used, prepare another robot-mounted camera and Grid Frame
Setting Function can be performed. In addition, the Grid Frame Setting Function is usable with 6-axis
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robots only. The function cannot be used with 4-axis robots and 5-axis robots. When using a 4-axis
robots or 5-axis robots, perform the touch-up to set a frame.

3.3.3  Vision Process Creation and Teaching

Perform vision process creation and teaching. Perform teaching about the locator tools and set the
reference position.

Unlike 2D Single-view Vision Process, Depalletizing Vision Process sets the relationship between the
height of workpieces and the size of the workpiece viewed by the camera.

Scale

T

100% 111%

- ﬁo - O

! : "\‘ . !
/ :>Workp1ece /
/ \‘. ‘F.‘

/ \ /
" \ J‘

'

Vision process creation and teaching
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3.3.3.1 Vision process creation

1 Create a vision process for [Depalletizing Vision Process].
For details on vision process creation, refer to the description of creating new vision data in
"iRVision OPERATOR’S MANUAL (Reference) B-83914EN".

2 On the vision data list screen, if you select the created vision process and click [EDIT], the vision

data edit screen will appear.

[Time to Find 0 ms

e} o

SNAP FIND SNAP+FIND

100% EANER N IEA A

£ Depalletizing Vision Process ¥
Snap Tool 1
GPM Locator Tool 1 [l

Offset data Calculation Tool [l

3
i
Camera HAND_CAMERA ]

Offset Frame UF[1: UFrame1 [
Image Logging Mode® |Log Failed Images

sl M L

PLAYBACK END EDIT

3 From the [Camera] drop-down box, select the camera data to be used.
For details, refer to Setup Edition Subsection 3.3.1, "Camera Data Creation and Teaching".
4 From the [Offset Frame] drop-down box, select the user frame to set.

Select the frame number specified in Setup Edition Subsection 3.2.2, "Offset Frame Setting".
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3.3.3.2 Command tool teaching

1

Put a workpiece in place.

iRVision Vision Setup - VPDS

B P 100% K2 R € Al
VE Depalletizing Vision Process I 2

{8 Snap Tool 1 v
GPM Locator Tool 1 3

Offset data Calculation Tool

Snap Window Full Window: Set
] . Resolution Reduction © 2x [§

Image Size 512x640 pix

Exposure Mode Fixed 58

Exposure Time ms
Multi Exposures 10,

LED Type None K2

Image Display Mode Snapped Image n

[Time to Find: 492 ms

3 o B B G

LIVE SNAP PLAYBACK SAVE END EDIT

Set up the snap tool.

The snap tool is a tool that snaps images that are used to teach and find models. Set the snap
conditions such as the snap range and exposure time. For details, refer to the description of Snap
Tool in "iRVision OPERATOR’S MANUAL (Reference) B-83914EN".

Select a locator tool in the tree view and teach the model to use for detection. By default, the GPM
Locator Tool is set as the locator tool. For details on the GPM Locator Tool and other command
tools, refer to the description of Command Tools in "iRVision OPERATOR’S MANUAL
(Reference) B-83914EN".

When the snap tool and the locator tool are set, set the reference position in the offset data
calculation tool. Refer to 3.3.3.3, "Reference position setting" for the setting.
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3.3.3.3

Reference position setting

1 Select [Depalletizing Vision Process] in the tree view.

v E Depalletizing Vision Process
-} Snap Tool 1
GPM Locator Tool 1

44 Offset data Calculation Tool v

IApp. Z Mode Calc. From Found Scale n

———
Use layer height

2 =2

Qutput layer

Meas. Number 10

Reference Data
[+

1 1 Set
Model ID 1
Layer error threshold 20| %
Reference Height 1 0 mm @UF[1]
Reference Scale 1 100.0| %
Reference Layer 1 2
Reference Height 25 750.0| mm @UF[1]

e 4 5.7

Reference Scale 2 117.9| % Set
3

Limit Check Selectﬁ
None selected n

Reference Layer 2

Z;af. Pos. Status Set Set <

Reference X 1 mm

Reference Y mm pr— 112
Reference Z mm

\Reference R 0.0[° Y,

2 Click the IEN icon to switch to the advanced mode.
3 Check [Use layer height] and [Output layer].

# Memo

1 When [Use layer height] is checked, it identifies which layer the target workpiece
is located on according to the size of the workpiece found in the vision process
and calculates the workpiece position based on the height information of the
corresponding layer. Since the same height information is applied for each layer,
stable height information can be used even when there are differences in size.
Use this function when a workpiece has large differences in height.

2 When [Output layer] is checked, it outputs the identified workpiece layer as a
measurement value to the vision register. This is useful for a program that
moves the robot differently for each layer of the workpiece. Specify the output
measurement number in [Meas. Number].

4 Enter the number of layers in the text box of [Reference Layer 1].

5  Measure the part height of a workpiece of [Reference Layer 1] as seen from the offset frame, and
enter it in the [Reference Height 1] text box.
Enter appropriate values as shown in the figure below.
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Camera

Offset Frame

Offset frame and part Z height

6  Click [SNAP] to snap the image, and click [FIND] to detect the workpiece for [Reference Layer 1].
7  Click the [Set] button for [Reference Scale 1].
A value will be displayed in [Reference Scale 1], and a reference scale will be set.
8  Stack N layers of workpieces, and enter the number of layers in the [Reference Layer 2] text box.
9  Carry out steps 5 to 8 for [Reference Layer 2].
10 When [Reference Scale 2] is set, click [FIND] again to find the workpiece.

/N CAUTION
Do not move the workpiece until reference position setting is complete.

11 Click the [Set] button for [Ref. Pos. Status].

12 Check that [Ref. Pos. Status] has become [Set].

13 Jog the robot and move it to the position for performing work on the workpiece (e.g. gripping it).
For an example, refer to the sample program in Setup Edition Subsection 3.3.4, "Robot Program
Creation and Teaching". P[2] in line 11 is the position for performing work on the workpiece.
Record the current robot position to P[2], and the reference position setting is complete.

3.3.4  Robot Program Creation and Teaching

In the sample program below, a vision process named "A" is used. A robot-mounted camera is used,
and the "OFFSET" instruction is used on line 4 to shift the camera image snap position on the pallet.
Shifting the image snap robot position by adding a constant value to the value of PR[1] simplifies
programming. For fixed frame offset, add the "VOFFSET,VR" instruction as an operation statement.
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3.

UFRAME_NUM=1

UTOOL_NUM=1

R[1:Notfound]=0

L P[1] 2000mm/sec FINE Offset,PR[1]

WAIT R[1]

VISION RUN_FIND 'A'

VISION GET_OFFSET 'A' VR[1] JMP LBL[100]

CONOIOHWN =

IHandling

10: L P[2] 2000mm/sec CNT100 VOFFSET,VR[1] Tool_Offset,PR[2]
11: L P[2] 500mm/sec FINE VOFFSET,VR[1]

12: CALL HAND_CLOSE

13: L P[2] 2000mm/sec CNT100 VOFFSET,VR[1] Tool_Offset,PR[3]

14:  IHandling
15: JMP_LBL[900]
16:

17:  LBL[100]

18:  R[1:Notfound]=1
19:

20: LBL[900]

Move to camera position to snap on line 4. Execute “WAIT” instruction to remove the possible
vibration of a camera on line 5. Execute process ”A” with the vision detection instruction on line 6.
Obtain the measurement result of the detected workpiece on line 7. Move to the approach position
above the workpiece on linel0. Since this is the approach position to the workpiece, add the tool offset
command so that the robot position is offset by PR[1] from the workpiece (for example, above the
workpiece). Move to the grasp position on linell. Move to the escape position after grasping the
workpiece on linel3.

3.5 Robot Compensation Operation Check

Check that a workpiece placed on the pallet can be detected and handled precisely.

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

e  Move the workpiece without rotation, find it and check the handling accuracy. If the accuracy is
good for reference position, but low for non-rotated workpiece on the edge of the field of view, it is
possible that Part Z Height is not set properly. Check the Part Z Height, refer to Setup Edition
Subsection 3.3.3.3, “ Reference position setting”

e  Rotate the workpiece, find it and check the handling accuracy. If the accuracy is good for a moved
workpiece without rotation, but low for rotated workpiece and lower for more rotated workpiece, it
is possible that the offset frame or the calibration grid frame is not set properly. Check the TCP
setting is precise. Moreover, check the offset frame and the calibration grid frame are set precisely,
then, retry the camera calibration.

e  Depending on robot motion, a camera may vibrate at snap position. Execute “WAIT” instruction to
remove the possible vibration of a workpiece before the “VISION RUN_FIND”.

e  Stack several workpieces then move the robot to the top workpieces. When performing the
touch-up with pointer tool to set up the frame, check that the robot moves to the workpieces
correctly. Remove the workpiece and repeat with the next workpiece. Start with lower override
of the robot to check that the logic of the program is correct. Next, increase the override to check
that the robot can operate continuously.

96

B-83914EN-2/03



Setup 4. 3D TRI-VIEW VISION PROCESS

4 3D TRI-VIEW VISION PROCESS

The 3D Tri-View Vision Process is the function for making three-dimensional compensation by
measuring three detection targets of a large workpiece such as a car body.

This chapter describes the setup procedure for 3D Tri-View Vision Process by using the following two
application examples:

. Fixed frame offset with fixed camera
° Fixed frame offset with robot mounted camera

Fixed frame offset with fixed camera
An example of layout for ‘fixed frame offset with fixed camera’ is given below. Three points of a
workpiece are measured by three fixed cameras.

L—13
" ?‘ Workpiece

Camera

Fixed frame offset with robot mounted camera
An example of layout for ‘fixed frame offset with robot mounted camera’ is given below. Three points
of a workpiece are measured by moving a camera.

Camera
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4.1

FEATURES AND NOTES

Features

Three-dimensional compensation is made by measuring three points on a large workpiece that has
the potential to move in three dimensions.

Compensation is applied to all of six degrees of freedom for parallel displacement (X, Y, Z) and
rotation (W, P, R) of the workpiece.

The number of measurement points (number of camera views) is three and cannot be changed.

The 3D Tri-View Vision Process has ‘camera views’ in a program as two-dimensional compensation
based on multiple cameras. There are three camera views for measuring a total of three detection
targets.

During detection, a total of three view lines (one for each camera view) are measured. A triangle
that takes the three detection targets as vertices and has known shape is applied to the three view
lines to identify the position of each detection target on the corresponding view line and obtain the
three-dimensional position and posture of the workpiece.

Only fixed frame offset can be performed.

Both a fixed camera and a robot mounted camera can be used.

A robot mounted camera can measure a detection target while moving the position of the robot to the
three locations. This capability is provided because the current position of a robot is considered in
iRVision calculation processing when a target position calculation is made.

Notes

The following conditions must be met when determining detection targets. (For a car body, the

reference holes are suitable).

- The exact relative position or distance between the three detection targets must be known. It

should be obtained from a drawing.

- The relative relation between the positions of the three detection targets and the work positions

does not change individually.

- Three detection targets can be set so that the whole workpiece can be covered.

- The triangle having the three detection targets as its vertices is not too shallow.

- The shapes of the detection targets are constant.

- There is no portion having a similar shape near the detection targets.

Determine the camera view so that the detection targets do not fall outside the camera view even
when they deviate at the maximum. However, if the camera field of view is too wide, the required
compensation accuracy may not be obtained.

When the detection targets are detected, three view lines are measured. The cameras need to be

placed so that any pair of view lines is not parallel and any angle formed by tow view lines is large

to some extent (if possible, 60 degrees or more). If the angle formed by view lines is tool small,
the required precision may not be obtained.
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In this figure, these two lines are
substantially parallel and the angle
formed by view lines is small.

Do not select this placement.

Angle formed by view lines

Preparation for drawings etc. about a workpiece
The 3D Tri-View Vision Process uses the distance between detection targets for calculation, so it is
necessary to input the coordinates of detection targets of the workpiece in an arbitrary coordinate system.
The coordinate system is not important because the relative distance between the targets is what is
important. Typically the coordinates of the targets in the workpiece come from a drawing.
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4.2 SETUP FOR FIXED FRAME OFFSET WITH FIXED
CAMERA

Three fixed cameras measure three points of the workpiece.
Use the following setup procedure for fixed frame offset with fixed camera:

1. Camera Data Creation and Teaching

gt

2. Vision process creation and teaching

gt

3. Robot program creation and teaching

gt

4. Robot Compensation Operation Check

When starting up a robot system that uses iRVision, perform all of the tasks described above. If the
camera gets out of position or the camera is replaced, please perform camera calibration again using
Section 1, ‘Camera Data Creation and Teaching’. When a camera calibration has been already finished,
in addition, a workpiece is changed or a kind of workpiece is added, perform ‘2 Vision process creation
and teaching’ and ‘3 Robot program creation and teaching’.

4.2.1 Camera Data Creation and Teaching

Create camera data and perform basic settings and calibration for the camera.
For the 3-D Tri-View Vision Process, create three sets of camera data and perform calibration for each
camera. As an example, for the layout shown in the figure below, three sets of camera data are taught.

Workpiece

/¢ \ ""‘.‘ | Camera

Example of a layout for creating camera data for each camera
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For the 3-D Tri-View Vision Process, a convenient method is to attach a calibration grid to the robot hand
and then calibrate, as shown in the figure below.

Calibration grid

Installation information of the calibration grid

(= Tool frame)

g Camera /g ‘

Installation example for Grid Pattern Calibration

For the setup method for Grid Pattern Calibration, refer to Know-how Edition Section 2.1, "GRID
PATTERN CALIBRATION WITH A FIXED CAMERA".

Application frame setup

In the 3D Tri-View Vision Process, application frame has a role of a coordinate system used as a camera
calibration, and a role of a coordinate system used for calculation of the offset data. So, the reference
position and the found position are outputted as a position on the application frame in the 3D Tri-View
Vision Process. Moreover, in the 3D Tri-View Vision Process, a workpiece is large in many cases.  So,
two or more robots may use a compensation data. In this case, set up an application frame on a plane
which is a common for all robots, and use this user frame as an application frame.(Set the same
application frame number for all robot).

Information setup for mounting the calibration grid
Install the calibration grid on the mounted robot. When set a calibration grid frame, it is recommended
that use the Grid Frame Setting Function. Set a tool frame as the calibration grid frame.

Calibration data creation and teaching
Create three sets of camera data and perform calibration for each.
Perform the calibration for all cameras. Create three camera setup data files and three camera
calibration data files. Note [Application frame] number must be the same in all calibration data used.
Perform two-plane calibration by moving the robot up and down as shown in the figure below. Perform
detection by bringing calibration surface 1 as close as possible to the detection target. The up/down
distance for two-plane calibration should be 100 to 150 mm. Detect the calibration grid at two different
heights. Move the calibration grid along the optical axis of the camera.
Perform robot jog without changing the calibration grid posture.
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Ist detection (Position as close as

possible to the detection target)

100mm to 150mm

™~ 2nd detection

Example of two plane calibration execution
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4.2.2 Vision Process Creation and Teaching

Perform vision process creation and teaching.

The basic setting procedure for the vision process is the same as for [2-D Single-View Vision Process].
The part that is different is that three [Camera Views] are added. The camera views for each
measurement position are named [Camera View 1], [Camera View 2] and [Camera View 3]. The snap
tool and locator tools such as the GPM Locator Tool are placed under each camera view.

3-D Tri-View Vision Process teaching is performed using the following procedure.

1 Under [Camera View 1], select camera data and teach fundamental data.

=

2 Teach locator tools for [Camera View 1].

-

3 Select [Camera View 1] and click [SNAP] to snap an image.

=

4 Perform steps 1 to 3 for [Camera View 2] and [Camera View 3].

=

5  Select [Offset data Calculation Tooll and click [FIND] to find the
workpiece.

igs

6 Set the reference position in [Offset data Calculation Tooll.
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4.2.2.1 Vision process creation

1 Create a vision process for [3-D Tri-View Vision Process].
For details on vision process creation, refer to the description of creating new vision data in the
"iRVision OPERATOR’S MANUAL (Reference) B-83914EN".

2 On the vision data list screen, if you select the created vision process and click [Edit], the vision data
edit screen will appear.

A E 100% K2 =0 B RN
M 7T 3-D Tri-view Vision Process v
v E camera View 1 [
Snap Tool 1 [l
GPM Locator Tool 1 [l
> E Camera View 2 [
» [4] camera view 3l

Offset data Calculation Tool [l v

Offset Mode Fixed Frame Offset
Image Logging Mode ® |Log Failed Images [§d

Combine Error — mm Model ID Camera Target Dist.
1

Error —
Estimation P 2

[Time to Find 0 ms

{o} o X LA =

SNAP FIND SNAP+FIND CONT S+F END EDIT

The offset mode for [3-D Tri-View Vision Process] supports only fixed frame offset.

4.2.2.2 Camera view teaching

Teach the snap tool and the locator tools such as GPM Locator Tool, for each camera view.

Put a workpiece in place.
Select [Camera View 1] from the tree view.

N —

iRVision Vision Setup - VPCB

HEEE 100% K1 =0 BN 4 50,

'ES—D Tri-View Vision Process [4 A l_ 2 ~ 7
02 comers v 1 4

(L} Snap Tool 1 5

GPM Locator Tool 1
> E camera View 2 [l |
» [¢] camera view 3l 6
Offset data Calculation Tool [l

Camera CAMERAL

(Camera Target Dist. 051.758) mm

Fundamental Data

X 1485.000| mm
7 90.000| mm — /]
z 0.000| mm

Found 1 [ px T py [ Pz [ vx T vy [ vz | ModellD | Score | _ Contrast ]

[Time to Find 12 ms 2187.9 -602.3 272.0 -0.045 -0.172 -0.984 1 100.0 141.3 0.00

o & b sl

SNAP+FIND CONT S+F PLAYBACK END EDIT
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3 From the [Camera] drop-down box, select the camera data to be used.
Select the camera data specified in Setup Edition Subsection 4.2.1, "Camera Data Creation and
Teaching".

4 Enter the coordinates of the detection target in the [X], [Y] and [Z] field in [Fundamental Data] of
[Application Frame] specified for camera calibration.
Enter an appropriate value as shown in the figure below.

- Example of entering fundamental data:
This is an example of entering CAD data of the
workpiece. Enter the coordinates of the
detection target displayed in CAD as
fundamental data.

] Coordinate system of CAD (the
osition is arbitrar
\\ P y)

circle:

cenfer: (x3,y3, z3)

center: (x1,vl, zl)

circle:

center: (x2.y2, z2)

Example of coordinates for the detection target

5  Setup the snap tool.
The snap tool is a tool that snaps images that are used to teach and find models. Set the snap
conditions such as the snap range and exposure time. For details, refer to the discription of Snap
Tool in the "iRVision OPERATOR’S MANUAL (Reference) B-83914EN".

6  Select a locator tool from the tree view and teach the model to use for detection.
By default, the GPM Locator Tool is set as the locator tool. For details on the GPM Locator Tool
and other command tools, refer to the description of Command Tools in "iRVision OPERATOR’S
MANUAL (Reference) B-83914EN ".

7  Select [Camera View 1] and click [SNAP] to snap an image of the workpiece.

8  When [Camera View 1] setup is complete, perform the setup in steps 2 to 7 for [Camera View 2] and
[Camera View 3] in the same way.
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Setup

4.2.2.3

Reference position setting

1
2

Select [Offset data Calculation Tool] from the tree view.
Click [FIND] to find the workpiece for all camera views.

/\ CAUTION

Do not move the workpiece until the reference position setting is complete.

W

9]

iRVision Vision Setup - VPCB

Error 37.0 mm/pix 1 2188.1 -608.4
Estimation E B 2 7933 -606.3
Time to Find 30 ms 3} 2189.9 786.5

Ira | =
LDJ H LHJ

SNAP FIND SNAP+FIND

Click the [Set] button for [Ref. Pos. Status].

225.4
248.8
207.0

My 1
o
T

CONT S+F

s0% K2 =l

v E 3-D Tri-View Vision Process

v E Camera View 1

Snap Tool 1

GPM Locator Tool 1
» [#] camera View 2
> E Camera View 3

% Offset data Calculation Tool v [l 1

T

Refe
Reof

|Avers

X 1723.802 Y -142.753 Z 227.056 mm

rence Data
Dos_Status Sot-

age Reference

1
1
1

Combine Error —  mm Model ID Camera Target Dist.

100.0 904.9
100.0 930.6
100.0 848.0

M B2

SAVE END EDIT

[Ref. Pos. Status] will be [Set] and values will be entered for [Average Reference X], [Average

Reference Y] and [Average Reference Z].

The values are the average reference of the workpiece, seen from the offset frame.

Click [Save] and click [End Edit].

Jog the robot and move it to the position for performing work on the workpiece (e.g. gripping it).

For an example, refer to the sample program in Setup Edition Subsection 4.2.3, "Robot Program
Creation and Teaching". P[2] in line 11 is the position for performing work on the workpiece.
Record the current robot position to P[2], and the reference position setting is complete.
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4.2.3 Robot Program Creation and Teaching

In the sample program below, a vision process named [A] is used. Three targets of a workpiece are
found. If there is only a fixed camera, it is not necessary to specify a camera view number for the
[VISION RUN_FIND] command. For fixed frame offset, add the [VOFFSET, VR] instruction as an
operation statement.

UFRAME_NUM=1
UTOOL_NUM=1
R[1:Notfound]=0

L P[1] 2000mm/sec FINE

VISION RUN_FIND 'A'
VISION GET_OFFSET 'A' VR[1] JMP LBL[100]

oNoaRwN

!Handling

10: L P[2] 2000mm/sec CNT100 VOFFSET,VR[1] Tool_Offset,PR[1]
11: L P[2] 500mm/sec FINE VOFFSET,VR[1]

12: CALL HAND_CLOSE

13: L P[2] 2000mm/sec CNT100 VOFFSET,VR[1] Tool_Offset,PR[1]

14: 'Handling
15:  JMP_LBL[900]
16:

17  LBL[100]

18:  R[1:Notfound]=1
19;

20: LBL[900]

Detect the position of the workpiece in the line 6 and obtain the offset result of the detected workpiece on
line 7. Line 10 is the approach position to the workpiece. Since this is the approach position to the
workpiece, add the tool offset command so that the robot position is offset by PR[1] from the workpiece
(for example, above the workpiece). Move to the grasp position on line 11. Move to escape position
after grasping the workpiece on line 13. When a fixed camera is used, one [VISION RUN_FIND]
instruction measures all camera views prepared beforechand. When the images of all camera views have
been snapped, the line after the [VISION RUN_FIND] instruction is executed.

4.2.4 Robot Compensation Operation Check

Check that three points of a workpiece can be detected and that the compensation can be performed

correctly.

e At first, place the workpiece in the reference position, find it and check the handling accuracy. If
the accuracy of compensation is low, retry the reference position setting. Moreover, check the
following things.

- Check the relative relation location among three detection targets and workpiece itself does not
have individual difference.

- Check whether the each view positions with fundamental data are set correctly.

- Check the calibration position. The first detection needs to be performed at position as close
as possible to the detection target.

e  Start with lower override of the robot to check that the logic of the program is correct. Next,
increase the override to check that the robot can operate continuously.
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#Memo
If the workpiece cannot be found correctly due to a variation in the distances
between measurement points, e.g., due to individual difference of workpieces,
switch to the advanced mode in [Offset data Calculation Tool] and set [Combine
Error Limit].
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4.3 SETUP FOR FIXED FRAME OFFSET WITH
ROBOT-MOUNTED CAMERA

An example of layout for fixed frame offset with robot-mounted camera is shown below. Three targets
of a workpiece are measured by moving a camera.

Example of layout for fixed frame offset with robot-mounted camera

Use the following setup procedure:

1. Camera Data Creation and Teaching

gt

2. Vision process creation and teaching

gt

3. Robot program creation and teaching

gt

4. Robot Compensation Operation Check

When begin a setup of a vision system newly, perform all the above procedures. When the position of
the camera on the robot mechanical interface frame (the robot face plane) is shifted or cameras are
exchanged, redo ‘1 Camera Data Creation and Teaching’.

When a camera calibration has been already finished, in addition, a workpiece is changed or a kind of
workpiece is added, perform ‘2 Vision process creation and teaching’ and ‘3 Robot program creation and

teaching’.
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4.3.1 Camera Data Creation and Teaching

Create camera data and perform basic settings and calibration for the camera.

If you are performing the 3-D Tri-View Vision Process with a robot-mounted camera, multiple locations
on the workpiece are measured by a camera, but only one set of camera data is taught. For
robot-mounted camera calibration, Grid Pattern Calibration is used. Robot-Generated Grid Calibration
cannot be used for robot-mounted cameras. For the setup method for Grid Pattern Calibration, refer to
Know-how Edition Section 2.2, "GRID PATTERN CALIBRATION WITH A ROBOT-MOUNTED
CAMERA".

Application frame setup

The application frame for the 3-D Tri-View Vision Process has a role as the user frame that is the basis
for calibration and a role as the frame to be used for compensation calculations. Therefore, the reference
position and found position for the 3-D Tri-View Vision Process are output as values in the application
frame. Furthermore, in the 3-D Tri-View Vision Process, large workpieces such as car bodies are often
handled, and there are times when compensation for multiple robots is performed with an offset. In such
cases, set a common user frame on an arbitrary plane between the robots (set a common frame number),
and select this as the application frame.

Information setup for mounting the calibration grid

It is recommended that you use the ‘Grid Frame Set’ for information setup for mounting the calibration
grid. Set the calibration grid mounting position in the user frame.

4.3.2 Vision Process Creation and Teaching

Perform vision process creation and teaching.

The basic setting procedure for the vision process is the same as for [2-D Single-View Vision Process].
The part that is different is that 3 [Camera Views] are added. The camera views for each measurement
position are named [Camera View 1], [Camera View 2] and [Camera View 3]. The snap tool and
locator tools such as the GPM Locator Tool are placed under each camera view.

3-D Tri-View Vision Process teaching is performed using the following procedure.
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1 Under [Camera View 1], select camera data and teach fundamental data.

Il

2 Move the robot to the first measurement position and teach locator tools for

[Camera View 1].

gt

3 Select [Camera View 1] and click [SNAP] to snap an image.

1

4 Perform steps 1 to 3 for [Camera View 2] and [Camera View 3].

ags

5  Select [Offset data Calculation Tooll and click [FIND] to find the
workpiece.

gt

6  Set the reference position in [Offset data Calculation Tooll.

4.3.2.1 Vision process creation

1 Create a vision process for [3-D Tri-View Vision Process].
For details on vision process creation, refer to the description of creating new vision data in the
"iRVision OPERATOR’S MANUAL (Reference) B-83914EN".

2 On the vision data list screen, if you select the created vision process and click [Edit], the vision data
edit screen will appear.

SN B EE 100% K4 E - R =

M 7T 3-D Tri-view Vision Process v
v E Camera View 1 [
Snap Tool 1 [

GPM Locator Tool 1 [
» [4] camera view 2 [l
> E Camera View 3 [l

Offset data Calculation Tool [l v

Offset Mode Fixed Frame Offset
Image Logging Mode @ |Log Failed Imagesn

Combine Error — mm Model ID Camera Target Dist.
Error R 1
Estimation (T 2
Timeto Find 0 ms 3
o] o S i} B
(LS J] (o J] »
SNAP FIND SNAP+FIND  CONT S+F END EDIT

B-83914EN-2/03 111



4. 3D TRI-VIEW VISION PROCESS

Setup

4.3.2.2

Camera view teaching

Teach the snap tool and the locator tools such as GPM Locator Tool, for each camera view.

1

Put a workpiece in place.
Jog the robot and move the camera to the first snap position.
Record this robot position as a snap position.
Edition Subsection 4.3.3, "Robot Program Creation and Teaching".
position.
Select [Camera View 1] from the tree view.

iRVision Vision Setup - VPCB

EF:=EIr

100% ENIERIER Y - A

v E 3-D Tri-View Vision Process al

M) Camera View 1 v

For an example, refer to the sample program in Setup
P[1] in line 4 is the first snap

-} Snap Tool 1

GPM Locator Tool 1

4 E camera View 3 [l

Offset data Calculation Tool [l

m <

Camera B HAND_CAMERA [+ ]

Amora Taroot Dick 1521 672 mm
m—

Fundamental Data

X 115.000| mm
Y 1075.000) mm
z 55.000, mm

M)
LHJ

SNAP+FIND

Found 1 L A o py ] Pz T v T W ] Vz [ ModellD ] Score [ _ Contrast ]
99.5

[Time to Find 15 ms 731.8 290.3 -1220.1

0.037 -0.000 0.999 1 206.0 0.36

= ol M

CONT S+F PLAYBACK END EDIT

From the [Camera] drop-down box, select the camera data to be used.
Select the camera data specified in Setup Edition Subsection 4.3.1, " Camera Data Creation and

Teaching".

Enter the coordinates of the detection target as a fundamental data on any frame.

» [¢] camera view 2 @l | 7

i
N
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o]

- Example of entering fundamental data
This is an example of entening CAD data of the
workpiece. Enter the coordinates of the
detection target displayed in CAD as

fundamental data. Coordinate system of CAD (the

position is arbitrary)

circle:

center: (x3. y3, z3)
'v
circle: \
center: (x1, yl.zl) \

z

circle:

center: (x2, y2, z2)

Example of coordinates for the detection target

Set up the snap tool.

The snap tool is a tool that snaps images that are used to teach and find models. Set the snap
conditions such as the snap range and exposure time. For details, refer to the description of Snap
Tool in "iRVision OPERATOR’S MANUAL (Reference) B-83914EN".

Select a locator tool from the tree view and teach the model to use for detection.

By default, the GPM Locator Tool is set as the locator tool. For details on the GPM Locator Tool
and other command tools, refer to the description of Command Tools in "iRVision MANUAL
(Reference) B-83914EN".

Select [Camera View 1] and click [SNAP] to snap an image of the workpiece.

When [Camera View 1] setup is complete, perform the setup in steps 2 to 8 for [Camera View 2] and
[Camera View 3] in the same way.
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Setup

4.3.2.3

Reference position setting

1 Select [Offset data Calculation Tool] from the tree view.
/N CAUTION
Regarding the following steps, do not click [SNAP] on the offset data calculation
tool until the reference position setting is complete. Otherwise, images are
snapped at the current position for all camera views and prevent you from setting
the reference position. Also, do not move the workpiece.
2 Click [FIND] to find the workpiece for all camera views.
iRVision Vision Setup - VPCB
> E s50% K2 = =F ST
v E 3-D Tri-View Vision Process
v Ecamera View 1
Snap Tool 1
GPM Locator Tool 1
> Ecamera View 2 [2
» [¢] camera view 3
—
2 & |
Reference D:rT‘a N W = 3
| A:erlji;::;efri;.oos Z 1807.715 mm 4
Combine Error — mm
Extimation 678 MM/pix > om0 e imoa : o 1755
[Time to Find 47 ms 3 1781.8 -654.8 1749.6 1 99.6 1390.4
) e M g
SNAP+FIND CONT S+F END EDIT
3 Click the [Set] button for [Ref. Pos. Status].
4  [Ref. Pos. Status] will be [Set] and values will be entered for [Average Reference X], [Average
Reference Y] and [Average Reference Z].
The values are the average reference of the workpiece, seen from the offset frame.
5 Click [Save] and click [End Edit].
6  Jog the robot and move it to the position for performing work on the workpiece (e.g. gripping it).

For an example, refer to the sample program in Setup Edition Subsection 4.3.3, "Robot Program
Creation and Teaching". P[4] in line 17 is the position for performing work on the workpiece.
Record the current robot position to P[4], and the reference position setting is complete.
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4.3.3 Robot Program Creation and Teaching

In the sample program below, a vision process named [A] is used. three targets of a workpiece are found
by moving the robot-mounted camera. Vision process A has three camera views which have different
view positions of robot mounted cameras, so that each camera view number is added to the [VISION
RUN_FIND] instruction. For fixed frame offset, add the [VOFFSET, VR] instruction as an operation
statement.

UFRAME_NUM=1

UTOOL_NUM=1

R[1:Notfound]=0

L P[1] 2000mm/sec FINE

WAIT R[1]

VISION RUN_FIND 'A' CAMERA_VIEWI1]
L P[2] 2000mm/sec FINE

WAIT R[1]

VISION RUN_FIND 'A' CAMERA_VIEWI[2]
10: L P[3] 2000mm/sec FINE

11:  WAIT R[1]

12:  VISION RUN_FIND 'A' CAMERA_VIEWI3]
13:  VISION GET_OFFSET 'A’' VR[1] JMP LBL[100]

CoNoOR®WN

15:  Handling

16: L P[4] 2000mm/sec CNT100 VOFFSET,VR[1] Tool_Offset,PR[1]
17: L P[4] 500mm/sec FINE VOFFSET,VR[1]

18: CALL HAND_CLOSE

19: L P[4] 2000mm/sec CNT100 VOFFSET,VR[1] Tool_Offset,PR[1]

20: IHandling
21: JMP_LBL[900]
22:

23:  LBL[100]
24:  R[1:Notfound]=1

26:  LBL[900]

Move to the position of camera view 1 to snap on line 4. Execute “WAIT” instruction to remove the
possible vibration of a camera on line 5. Execute camera view 1 of vision process “A” with the vision
run_find instruction on line 6. When the camera image has been snapped, the line after the [VISION
RUN_FIND] instruction is executed. Move to the position of camera view 2 to snap on line 7. Move
to the position of camera view 3 to snap on line 10. Obtain the offset of the detected workpiece on line
13. Move to the approach position above the workpiece on line 16. Since this is the approach position
to the workpiece, add the tool offset command so that the robot position is offset by PR[1] from the
workpiece (for example, above the workpiece). Move to the grasp position on line 17. Move to the
escape position after grasping the workpiece on line 18.

4.3.4 Robot Compensation Operation Check

Check that three points of a workpiece can be detected and that the compensation can be performed

correctly.

e At first, place the workpiece on the reference position, find it and check the handling accuracy. If
the accuracy of compensation is low, retry the reference position setting. Moreover, check the
following things.

- Check the relative relation location among the three detection targets and the workpiece itself
does not have individual difference.
- Check whether the each view positions with fundamental data are set correctly.
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e  Start with lower override of the robot to check that the logic of the program is correct. Next,

increase the override to check that the robot can operate continuously.

# Memo
If the workpiece cannot be found correctly due to a variation in the distances

between measurement points, e.g., due to individual difference of workpieces,
switch to the advanced mode in [Offset data Calculation Tool] and set [Combine

Error Limit].
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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.

e  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.

e  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.

e  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.

e  Setting with a pointer tool
For the setting method, refer to Know-how Edition Section 1.1, "FRAME SETTING WITH A
POINTER TOOL".

e  Setting with the grid frame setting function
For the setting method, refer to Know-how Edition Section 1.2, "FRAME SETTING WITH THE
GRID FRAME SETTING FUNCTION".

1.1 FRAME SETTING WITH A POINTER TOOL

This is a method for setting a user frame or tool frame by physically performing touch-up with a pointer
tool.
This section explains a user frame and tool frame with the following configuration.

e  For user frame setting, refer to Know-how Edition Subsection 1.1.1, "User Frame Setting".
e  For tool frame setting, refer to Know-how Edition Subsection 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.
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1.1.11 TCP set up

Attach a pointer tool on the robot end of the arm tooling, and set TCP to an arbitrary tool frame number.

Z

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 on the table is arbitrary. TCP is set up by touch-up the tip of the fixed pointer with the tip of the
pointer attached on the robot end of the arm tooling. Use the “Three point method” for setting a TCP.
Set the TCP accurately. If the accuracy of this TCP setting is low, the precision in handling of a
workpiece by the robot is also degraded.

Pointer tool

b

Fixed pointer tool

Example of a layout for pointer tool and fixed pointer tool

120 B-83914EN-2/03



Know-How 1. FRAME SETTING

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 aresult, 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 [Frame] and
press the [ENTER] key.

2 Press F3 [Frame].

3 Place the cursor over [Tool] and press the [ENTER] key.
The list screen for tool frames will appear.

/o | JOINT]

SETUP Frames

Tool Frame / Six Point (XY) 1/10
4 =—————d 10 0.0 0.0 0.0 [Ecatl 1 )

= CEE T PR 1
3 0.0 0.0 0.0 [Eoat3 1
4 0.0 0.0 0.0 [Eoat4d 1
5 0.0 0.0 0.0 [Eoats 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 [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 set.
5  Press F2 [DETAIL].
The setup screen for the tool frame for the selected frame number will appear.

/o | JOINT]

SETUP Frames
Tool Frame Direct Entry 1/7
Frame Number: 1

1 comment:

2 X: 0.000

3 Y: 0.000

4 Z: 0_000

5 W: 0.000

6 P: 0.000

7 R: 0_.000
Configuration: NDB, O, 0, O

Active TOOL SMNUTOOLNUM[1l] = 1

6 4- e
|

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.

o)
SETUP Frames
Tool Frame Three Point
Frame Number: 1
X: 0.0 Y: 0.0 Z: 0.0
— S— — — — 0.0
8 — comment - I TS
9 ——' Approach point 1: UNINIT I
e T e e =
Approach point 3: UNINIT

[TYPE]  [METHOD] FRAME

8  Enter a comment in the [Comment] field as required.
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
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SETUP Frames

Tool Frame Three Point
Frame Number: 1
X: 0.0 Y: 0.0 Z: 0.0
W: 0.0 P: 0.0 R: 0.0
Comment : Pointerl
annroach noint 1- sk
12— Approach point 2: UNINIT
Approacn poine 3. UNINLYL

[TYPE]  [METHOD] FRAME MOVE_TO

11 While holding down the [SHIFT] key, press FS [RECORD)].
The current value's data will be input as approach point 1.
For the taught [Approach point 1], [Used] will be displayed.
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 the reference point 1. However, change the robot attitude from that of
the reference point 1.

Approach point 2

Touch-up of approach point 2
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1o

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

» = on Do . QT

15 __l Y Direction Point: UNINIT l

Record must be shifted

[TYPE]  [METHOD] FRAME MOVE_TO

14 While holding down the [SHIFT] key, press F5 [RECORD].
The current value's data will be input as approach point 2.
For the taught [Approach point 2], [Used] will be displayed.
15 Place the cursor over [Approach point 3].
16 Jog the robot and perform touch-up of the fixed pointer tool with a pointer tool.
Perform touch-up of the same point as for [approach point 1]and [approach point 2]. However,
make the orientation of the robot different from that for approach point 1 and approach point 2.

Approach point 3

Touch-up of approach point 3
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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: USED

Record must be shifted

MOVE_TO 17

[ TYPE]

[METHOD] FRAME

17 While holding down the [SHIFT] key, press F5 [RECORD].

The current value's data will be input as approach point 3.

When all the approach points are taught, [Used] will be displayed. The tool frame will be set.
18 Press the [PREV] key.

The list screen for tool frames will appear.

Vo

SETUP Frames
Tool Frame / Direct Entry
X Y Z Comment
350.5 [Pointerl
[Eoat2
[Ecat3
[Ecat4
[Eoats
[Eoat6
[EcatT
[Eocat8
[Ecat9-
10 [Ecatl0
Active TOOL SMNUTOOLNUM[1] = 1

1/10

T3 B T, U
coocooocOoOoOoM
5o 0 6 0 4 40 4 o o
cococoooooo®
oHocOoOocOoOoOoOOoW
P
conocoooocoOoON
oROoOODOoODOOCODO

b o o o 0 0 a o0
ooocoococoooW
e e e e e e e

DETAIL

[ TYPE]

[OTHER ]

19  Check that the TCP has been set correctly. Press F5 [SETIND] and enter the tool frame number.
The tool frame that has been set will be set as the currently enabled tool frame.
20 Operate the robot by jog operation to move its pointer tool close to the tip of the fixed pointer tool.
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Center of rotation

Check by moving the pointer tool close to the tip of the fixed pointer tool
21 Operate the robot by jog operation around the tool frame, and change the orientation of the tool (w,

p, r). Ifthe 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

To set an user frame, there are three methods that are “Three point method” , “Four point method” and
“Direct list method”. When use the “Three point method” or “Four point method” , use the pointer tool
that is set in the Setup Edition Subsection 1.1.1.1 “TCP set up”. Moreover, the accuracy of user frame
setting becomes better as the distance of each taught points is far. When set the calibration grid frame,
the distance of each taught points by using “Four point method” become longer than using the “Three
point method”. When set the calibration grid frame, the “Four point method” is recommended. The
“Three point method” and “Four point method” is explained as shown below.

Three point method
Teach the following three points: the origin of the x-axis, the point which specifies the positive
direction of the x-axis, and the point on the x-y plane. In the example of the following figure, the user
frame is set on the table so that the XY plane of the user frame is parallel with the table plan.
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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 [Frame] and
select pressing the [ENTER] key.

2 Select and press F3 [Frame].

3 Place the cursor over [User]| and press the [ENTER] key.
The following list screen for user frames will appear.

1o

SETUP Frames

User Frame / Direct Entry 1/9
4 __[

[

[UFramel
M
[UFrame3
[OFrame4
[UFrameS
[UFrame6
[UFrame7
[UFrame8
[UFrame9

W o~ Wb

cCoooDooogo
]
CcCoooDooogo
cCoooDooogo
]
CcCoooDooogo
cCoooDooogo
]
CcCoooDooogo
bt bt et b bt b bt b ] i

Active UFRAME S$MNUFRAMENUM[1] = 0

5 [OTHER ] CLEAR SETIND

4 Place the cursor over the line number of the frame to be set.
5  Press F2 [DETAIL].
SETUP Frames screen for the selected frame will appear.
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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.

-

SETUP Frames

User Frame Three Point 1/4
Frame Number: 1

X:

0.0 Y: 0.0 Z: 0.0
W: 0.0 P: 0.0 R: 0.0
8 e comnen: - IEREREETII )
S ey
X Direction Point: UNINIT
Y Direction Point: UNINIT

Active UFRAME SMNUFRAMENUM[1] = 0

[TYPE]  [METHOD] FRAME

8  Enter a comment in the [Comment] field as required.
A comment to distinguish this frame from other frames is recommended.
Place the cursor over [Orient Origin Point].

10 Jog the robot and touch up the origin of the frame with the pointer tool pin.

Ormient Origin Point

Touch-up of orient origin point
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11 While holding down the [SHIFT] key, press FS [RECORD].
The current position data will be recorded as the orient origin of the frame.
[USED] will be shown for the taught [Orient Origin Point].

Vo

SETUP Frames
User Frame
Frame Number: 1

Three Point 2/4

X: 0.0 Y: 0.0 Z: 0.0
W: 0.0 P: 0.0 R: 0.0
Comment : FIXTURE1l
loricont Oriain Daint - RGO

12 X Direction Point: UNINIT
Y LDI1rectlion FOINT: UNLNLYT

Record must be shifted

[TYPE] [METHOD]  FRAME  MOVE_TO

12 Place the cursor over [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.

Orient Origin Point

Touch-up of X direction point
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/O

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
» = on Do . QT
15 Y Direction Point: UNINIT

Record must be shifted

[TYPE]  [METHOD] FRAME MOVE_TO

14 While holding down the [SHIFT] key, press F5 [RECORD].
The current position data will be recorded as the X direction point.
[USED] will be shown for the taught [X Direction Origin Point].
15 Place the cursor over [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.

Y Direction Point

Orient Origin Point

\/

Touch-up of Y direction point
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Vo

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

Y Direction Point: TSED

Record must be shifted

[TYPE] [METHOD] FRAME MOVE_TO 17

17 While holding down the [SHIFT] key, press F5 [RECORD].

When all the touch-up points are taught, [Used] will be displayed. The user frame will be set.
18 Press the [PREV] key.

The User Frame list screen will appear.

o
SETUP Frames
User Frame / Three Point 1/9
X Y Z Comment
11298.7 -447.7 -268 .9 [FIXTURE1 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
7 0.0 0.0 0.0 [UFrame7 1
8 0.0 0.0 0.0 [UFrame8 1
9 0.0 0.0 0.0 [UFrame9 1
Active UFRAME SMNUFRAMENUM[1] = 0

[ TYPE] DETAIL [OTHER ] 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.
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Four point method
Teach the following four points: the origin of the x—axis parallel to the frame, the point which specifies
the positive direction of the x—axis, a point on the x—y 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

The following figure is a calibration grid. When perform 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 a System origin on the center of a calibration grid, when the “Three point method” is used,
the distance from the System Origin to the X Direction Point or the Y Direction Point is near. By using
“Four point method”, the accuracy of user frame setting becomes better.
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—— X Direction

System Origin ~—_|

o090 0NOOO
00990000
o009 O0/0O0O0O
ooOogoo e
KN X-1 1 LN
ooO0oO0OOGOS
0900 OOO
ooO9o0OOOS
AL L L LN N

D000 0 ®®® C—— 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 [Frame] and
press the [ENTER] key.

2 Press F3 [OTHER].

3 Place the cursor over [User] and press the [ENTER] key.
The list screen for user frames will appear.

Vo

SETUP Frames

User Frame / Three Point 1/9
4 __[

=
|

[UFramel

1
[UFrame3 1
[UFrame4d 1
[UFrame5 1
[OFrame6 1
[UFrame7 1
[UFrame8 1
[UFrame9 1

W Wl

cCoocoooogo
]
cooooooc o
cCoocoooolgo
]
cCoocoooogo
cCoocoooocgo
]
CcCoocooooc o

Active UFRAME SMNUFRAMENUM[1] = 1

5 m DETAIL [OTHER ] CLEAR SETIND >

4 Place the cursor over the line of the user frame number to set.

5  Press F2 [DETAIL].
The setup screen for the user frame for the selected frame number 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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1o

SETUP Frames
User Frame Four Point 1/5
Frame Number: 1

X: 0.0 ¥: 0.0 Z: 0.0
W: 0.0 P: 0.0 R: 0.0
8 NN 000 FIXTUREN l
9 Orient Origin Point: UNINIT
"X Direction Point: UNINIT
Y Direction Point: UNINIT
System Origin: UNINIT

Active UFRAME S$MNUFRAMENUM[1] = 1

[[-.-'1 ETHO D: FRAME

8  Enter a comment in the [Comment] field as required.

A comment to distinguish this frame from other user 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 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 : FIXTURE1l
nriont Nricin Daint -  [SEY0N
12— X Direction Point: UNINIT
Y Blrectlon roint: UNINIT
System Origin: UNINIT

[TYPE]  [METHOD] FRAME MOVE_TO

11 While holding down the [SHIFT] key, press FS [RECORD)].
The current position data will be entered as the X-axis origin point.
For the taught [Orient Origin Point], [Used] will appear.
12 Place the cursor over [X Direction Point].
13 Jog the robot and touch up the X direction point of the frame 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.

- 4

Orient Origin Point X Direction Point
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/0

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 : FIXTUREL
Orient Origin Point: TUSED
e Dircction Doind - (geeRole

15 ——I Y Direction Point: UNINIT

——

o¥YSLeEm wrigin. VNI L

Record must be shifted

[TYPE] [METHOD]  FRAME  MOVE_TO

14 While holding down the [SHIFT] key, press F5 [RECORD].
The current position data will be entered as the X direction.
[USED] will be shown for the taught [X Direction Point].
15 Place the cursor over [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.

; o

Y Direction Point
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vo

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
Y Direction Point: syl

18 ——' System Origin: UNINIT I

Record must be shifted

[TYPE]  [METHOD] FRAME MOVE_TO

17  While holding down the [SHIFT] key, press FS [RECORD)].
The current position data will be entered as the Y-axis direction.
[USED] will be shown for the taught [Y Direction Point].
18 Place the cursor over [System Origin].
19 Jog the robot and touch up the orient origin point of the frame with the pointer tool.

" 4

System Origin
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1/O

SETUP Frames
User Frame Four Point 5/5
Frame Number: 1

X: 1628.4 Y -1.9 Z: =-255.5
W 0.0 P 0.0 R 0.0
Comment : FIXTURE1
Orient Origin Point: TUSED
X Direction Point: USED
Y Direction Point: USED
System origin: S

Record must be shifted

[TYPE]  [METHOD] FRAME MOVE_TO

20  While holding down the [SHIFT] key, press FS [RECORD].
The current position data will be recorded as the orient origin of the frame.

When all the touch-up points are taught, [Used] will be displayed. The user frame will be set.

21 Press the [PREV] key.
The User Frame list screen will appear.
22 Press F5S [RECORDY] and enter the 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 is explained a tool frame setting 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

138
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“Tool Frame Setup / Six Point(XZ)”, and teach the six points shown in the figure below by touch-up
operation. The position of fixed pointer is arbitrarily.

System Origin\

% DO OO O®®®C——— 7-axis/Y-axis
0000000 OSO® Dt
Approach point 1 'R X X | . 'S 3 8

Approach point 2 ~—
Approach point 3

After the pointer for touch-up is secured to a secured stand, select “Tool Frame Setup / Six Point(XY)” or

iﬁ

000000000

X Direction

Six point teaching method touch-up points for a calibration grid

The user tool set using the “Tool Frame Setup / Six Point(XZ)” method is rotated by 90 degrees about the
X-axis with respect to a desired coordinate system. Upon completion of setting the user tool frame by
touch-up operation, 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 [Frame] and
press the [ENTER] key.

2 Press F3 [Frame].

3 Place the cursor over [Tool] and press the [ENTER] key.
The list screen for tool frames will appear.
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vo

SETUP Frames
Tool Frame / Direct Entry

W hd 7 l"nﬂ_rmnn‘l'
¢ ——(
£
3
4
5
6
v
8
9
10

[Ecatl 1
[]!.(.-)d.LA 1
[Eoat3 1
[Ecat4 1
[Eoath 1
[Eoaté 1
1
1
1
1

ocooocooococCclo

[EoatT
[Eoat8
[Eoat9
[Ecatl0
00L SMNUTOOLNUM[1] = 1

oo ocooOocooCc]o
T B
oo oooOocooCc]o
(=1 == == = = [ =)
'
ocooooooocCclo

]
0
0
0
0
0
0
0
0
T

Active

5 m [OTHER ] CLEAR SETIND
4 Place the cursor over the line of the tool frame number to set.
5  Press F2 [DETAILS].
The setup screen for the tool frame for the selected frame number will appear.
1/0
SETUP Frames
Tool Frame Direct Entry 1/7
Frame Number: 1
1 Comment:
2 x: 0.002
3 ¥ 0.000
4 3z 0.000
5 W: 0.000
6 p: 0.000
7 R: 0.000
Cconfiguration: NDB, 0, 0, O
Active TOOL SMNUTOOLNUMI[1] = 1
6
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.
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IjO

SETUP Frames
Tool Frame
Frame Number: 1

X: 0.0 Y: 0.0 Z:
Wl - n_n D - n_ N D -
8 comment : I 5 574 53
9 { Approach point 1: UNINIT l
TApproach point Z: UNINLIT
Approach point 3: UNINIT
Orient Origin Point: UNINIT
X Direction Point: UNINIT
Y Direction Point: UNINIT

[TYPE]  [METHOD] FRAME

Six Point (XY)

1/7

Enter a comment in the [Comment] field as required.

A comment to distinguish this frame from other frames is recommended..

Place the cursor over [Approach point 1].

Jog the robot and touch up the reference point 1 with the pointer tool.

Approach point 1

Touch-up of approach point 1
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X: 0.0 Y: 0.0 Z: 0.0
W: 0.0 P: 0.0 R: 0.0
Comment : FIXTURE1
[Approach point 1: (ki)

12 e
Approach point 3: UNINLT
Orient Origin Point: UNINIT
X Direction Point: UNINIT
Y Direction Point: UNTNIT

/O

SETUP Frames

Tool Frame
Frame Number: 1

5ix Point (XY)

2/7

11

12
13

Record must be shifted

11

[TYPE]  [METHOD] FRAME MOVE_TO

While holding down the [SHIFT] key, press F5 [RECORD].

The current value's data will be input as approach point 1.

For the taught [Approach point 1], [Used] will be displayed.

Place the cursor over [Approach point 2].

Jog the robot and touch up the reference point 2 with the pointer tool.

Touch up the same point as the reference point 1. However, change the robot attitude from that of
the reference point 1.

Approach point 2

Touch-up of approach point 2
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1/0

SETUP Frames
Tool Frame
Frame Number: 1

Six Point (XY)

3/7

X: 0.0 Y: 0.0 Z: 0.0
W: 0.0 P: 0.0 R: 0.0
Comment : FIXTURE1l
Approach point 1: USED
ADDTroach Dpoin SFET
15

Orient Origin Point: UNINIT

X Direction Point: UNINIT

Y Direction Point: UNINIT

1. FRAME SETTING

Record must be shifted

FRAME MOVE_TO

[ TYPE ]

[METHOD]

14 Press and hold the [SHIFT] key and press F5S [RECORD] to record the data of current position as the
reference position.  As for the [Approach point 2], [USED] is displayed.

15 Move the cursor to the [Approach point 2].

16 Jog the robot and touch up the [Approach point 2] with the fixed pointer. The position of

[Approach point 2] is same position as the approach point 1. However, the posture of approach

point 2 is different from the posture of approach point 1.

Approach point 3

Touch-up of approach point 3
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Ijo

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 : FIXTUREl
Approach point 1: USED
Approach point 2: USED
Approach point 3-  [IGIGH
16—t (oricnt oriain Fome: GhiTT)
X Direction Polint: UNINIT
Y Direction Point: UNINIT

Record must be shifted

[TYPE]  [METHOD] FRAME MOVE_TO RECOR 17

17 Press and hold the [SHIFT] key and press F5S [RECORD] to record the data of current position as the
reference position.  As for the taught reference point, [USED]is displayed.

18 Move the cursor to the [Orient Origin Point].

19 Jog the robot and touch up the Orient Origin Point with the fixed pointer.

Orient Origin Point

Touch-up of the point for the Orient Origin Point

144 B-83914EN-2/03



Know-How 1. FRAME SETTING

UG -

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

Orient Origin Point:

2] — X Direction Point: UNINIT

Y UIrectlon FOI1NL: UNINIT

Record must be shifted

[TYPE] [METHOD]  FRAME  MOVE_TO

20 Press and hold the SHIFT key and press F5 RECORD to record the data of current position as the
reference position.  As for the taught reference point, RECORED is displayed.

21 Move the cursor to the X Direction Point.

22 Jog the robot and touch up the X Direction Point with the fixed pointer.

X Direction Point

Touch-up of X direction point
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1o

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 : FIXTURE1
Approach point 1: USED
Approach point 2: USED
Approach point 3: USED
Orient Origin Point: USED
X Direction pPoint-  |NGEIAN

24 ——I Y Direction Point: UNINIT I

Record must be shifted

[TYPE] [METHOD]  FRAME  MOVE_TO

23 Press and hold the SHIFT key and press F5 RECORD to record the data of current position as the
reference position.  As for the taught reference point, RECORED is displayed.

24 Move the cursor to the Y Direction Point.

25 Jog the robot and touch up the Y Direction Point with the fixed pointer.

T— Ey ?)

/!

8o

y #
r

Y Direction Point

Touch-up of Y direction point
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1o

SETUP Frames

Tool Frame Six Point (XY) T/7
Frame Number: 1
X: 400.0 Y: 0.0 %z -2.0
W: 180.0 P: 0.0 R: 0.0
Comment : FIXTURE1
Approach point 1: USED
Approach point 2: USED
Approach point 3: USED
Orient Origin Point: USED
X Direction Point: USED

[TYPE]  [METHOD] FRAME MOVE_TO

26 Press and hold the SHIFT key and press F5 RECORD to record the data of current position as the
reference position. When all the reference points are taught, USED is displayed. The tool frame
has been set.

27 To display the tool frame list screen, press the PREV key.

28 Check the TCP is set accuracy. Press F5 [SETIND] and enter the 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.

Center of rotation

d

Check by moving the origin point of the calibration grid close to tip of fixed pointer tool

30 Operate the robot by jog operation around the tool frame, and change the orientation of the
calibration grid (w, p, r). If the TCP is accurate, the tip of the pointer tool will always point toward
the origin point of the calibration grid.
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1.2 FRAME SETTING WITH THE GRID FRAME SETTING
FUNCTION

Function overview
In the Grid Frame Setting Function, the robot holding the camera or the robot holding calibration grid
automatically moves to change relative position and orientation between the camera and the calibration
grid, and find the grid pattern repeatedly. Finally, the position of the calibration grid frame relative to
the robot base frame or the robot mechanical interface frame (the robot face place) is identified. When
the Grid Frame Setting Function is executed, a frame is set on the calibration grid, as shown in the
following figure.

Example of frame using calibration grid

Compared with the manual touch-up setting method, the function offers a number of merits, including
accurate setting of the frame without requiring user skills, no need for touch-up pointers or to set the TCP
for touch-up setting, and semi-automatic easy-to-do operation.

There are the following two methods to configure the grid frame setting.
e  Open the camera data edit screen from the teach pendant and automatically measure the position of
the calibration grid.

e  Execute from the [{RVision utility] menu on the teach pendant.

If you want to calibrate the camera quickly, it is recommended that you should use the method to
automatically measure the position of the calibration grid on the camera data edit screen.

/A\ CAUTION
The Grid Frame Setting Function is usable with 6-axis robots only. The function
cannot be used with 4-axis robots and 5-axis robots.

148 B-83914EN-2/03



Know-How 1. FRAME SETTING

# Memo
A frame obtained from the grid frame setting on the camera data edit screen is
not set as the user frame or tool frame. It is stored inside the corresponding
camera data and used for the calibration of the camera data. This is useful for
camera data calibration only, so if you want to set the user frame or tool frame
on the grid pattern, configure the grid frame setting from the iRVision utility
menu.

1.2.1 Setting Procedure from the Camera Data Edit Screen

Configure the grid frame setting on the camera data edit screen using the following procedure.

1 Set the calibration grid.

Egs

2 Edit the camera data.

ugs

3 Teach the measurement start position (camera
data edit screen).

Ngs

4 Run measurement (camera data edit screen).
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1.2.1.1  Setting the calibration grid

When fixing the grid to a table
Measure the target using a camera attached to the robot end of arm tooling. You need to measure the
calibration grid fixed to a table with the camera mounted on the robot end of arm tooling while moving
the camera. Fix the position of the calibration grid viewed from the world frame of the robot. For a
robot-mounted camera, that camera may measure the fixture position of the calibration grid. For a fixed
camera, prepare a different camera that is attached to the temporary position on the robot end of arm
tooling, and perform the grid frame setting function.

Robot-mounted

camera

Calibration grid

Example of using a fixed calibration grid

When attaching the grid to the robot end of arm tooling
Measure the calibration grid attached to the robot end of arm tooling in front of the fixed camera while
moving the grid. Fix the position of the calibration grid viewed from the mechanical interface frame
(wrist flange) of the robot. Your camera may be used for measurement. When there is not enough space
for the robot to move around the field of view of your camera, prepare a different camera for
measurement.
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Fixed camera

S

| p é ))

'l / Calibration grid

Set the tool frame

/

Example of using a calibration grid attached to the robot end of arm tooling

Make sure that the calibration grid is fixed securely so that it does not move during measurement.

# Memo
To prevent any excessive grid from being found mistakenly, it is recommended
that you should make sure that the calibration grid is not dirty or scratched and
place a plain sheet as a background.

1.2.1.2 Editing the camera data

Open the camera data edit screen from the teach pendant and make settings to automatically measure the
position of the calibration grid. Proceed with the setting up to the state where the icon is displayed in
[1 Camera Setup] and [2 Calibration Setup] in the navigation area.

For details, refer to Know-how Edition Section 2.1, "GRID PATTERN CALIBRATION WITH A FIXED
CAMERA" when using a fixed camera or Know-how Edition Section 2.2, "GRID PATTERN
CALIBRATION WITH A ROBOT-MOUNTED CAMERA" when using a robot-mounted camera.
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1.2.1.3 Teaching the measurement start position

Teach the measurement start position as follows.

iRVision Vision Setup - CDCM

Camera Calibration Fixture Pos.
Setup Setup Setting

B FE Ea2 v ) ZoomETy -] I | & |

Measurement Start
Position

Not Set

T e 4

Not Executed

o000 Measure Fixture
oo o0o0 o0 Position

°
°
°
0000000
e@eocoeooeoo o
o0 00000000000
°
°
°
°
°

P G

FIND TEST SNAP+TEST END EDIT

1 Press [3 Fixture Pos. Setting] in the navigation area.

2 Press [LIVE].

An image being captured by the camera is displayed in real time.

3 Jog the robot so that the optical axis of the camera is about perpendicular to the plate surface of the
grid frame and all of the four large circles of the grid pattern are inside the field of view of the
camera. A distance between the camera and the calibration grid must allow the camera to come into
focus, usually about the same as the camera distance for calibration.

# NMemo
Grid Frame Setting measures the calibration grid with moving the robot on which
the camera or the calibration grid is mounted. It is recommended that you should
set a larger field of view for the calibration grid so that the four large circles of the
grid pattern do not easily go outside the field of view.
Camera field
of view
Range of the camera field of view
4 Press [Record] in [Measurement Start Position].

The measurement start position is recorded, and [Measurement Start Position] changes to [Set].
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5 To check the value of the trained measurement start position, press [Position] in [Measurement Start
Position].
The value of each axis of the measurement start position is displayed, as shown below.

iRVision Vision Setup - CDCM

Start position is as follow.

: -1.239 deg
: -19.820 deg
: -24.558 deg
: -0.000 deg
: -65.442 deg
: 1.239 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].
6  To move the robot to the trained measurement start position, press [OK] while holding down the
[SHIFT] key on the teach pendant.

1.2.1.4 Running measurement

Perform measurement as follows, using the trained measurement start position as a reference.

1 Check that the robot is at the measurement start position.
Press [Execute] in [Measure Fixture Position] while holding down the [SHIFT] key on the teach
pendant.
It starts measurement, causing the robot to start moving. The screen changes while the robot is in
operation, allowing you to check measurement images in real time.
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iRVision Vision Setup - CDCM

8060000 Pocoos
> 60060608 Pcoose
©0606060QPoss00
©e0606060600008000
© 0060600000800 60
eeeeﬁﬂ)ﬂﬂﬁ#ﬂ%
eeeeeeea#’”’"

: FRC A [ ﬂjiff,iji::/
ey -

SAVE

/A\ CAUTION
Releasing [SHIFT] while measurement is in progress stops the measurement.
In that case, perform the measurement again. You can resume it from where it

1

The robot usually performs operations within an expected range according to the
parameter setting. However, the robot can make a motion beyond an expected
range, depending on the parameter setting. When doing the measurement,
check that the related parameters are set correctly and decrease the override to
30% or less to ensure that the robot does not interfere with peripheral
equipment.

If another program is paused, the robot may not be able to move. In that case,
abort the program using the [FUNC] menu on the teach pendant.

When the measurement is successfully completed, the following screen appears.
The robot stops with the camera facing the calibration grid straight and the origin of the calibration
grid coming to the center of the image.
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iRVision Vision Setup - CDCM

Measurement has been completed successfully.

Number of steps of main measurement automatically
changed to reachable position: 6

Checking the measurement
When the measurement is completed, the fixture position of the calibration grid is displayed on the screen.
You can check if the displayed fixture position is correct using the following procedure.

1 Set the displayed position to a frame number that has not been set.
When the calibration grid is attached to the robot, set the position to the tool grid.
When the calibration grid is fixed, set the position to the user grid.

# Memo
Set the displayed position on the frame screen from the teach pendant.

2 Switch to the frame set in the step 1.
3 Set the manual-feed coordinate system to the frame set in the step 1.
For the tool frame, press the [COORD] key to switch to [Tool].
For the user frame, press the [COORD] key to switch to [User].
4 Click the icon in the image display area on the camera data edit screen.
Click [LIVE] on the camera data edit screen.
Jog the robot around WPR. It would be fine as long as the center position of the calibration grid does
not deviate significantly from the center line of the image.

AN

In the event of failure to measure
If the measurement fails, the screen returns to the camera data edit screen without displaying the
measurement completion message.
Change the [1 Camera Setup], [2 Calibration Setup], and [3 Fixture Pos. Setting] setting items or the
measurement start position, and then execute the measurement again. 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 from the iRVision Utility Menu

When you configure the grid frame setting from the iRVision utility menu, configure the grid frame
setting on the iR Vision utility menu using the following procedure.

I. Setthe calibration grid.

2. Setthe parameters (iRVision utility menu).

Teach the m easurement start position

(iRVision utility menu).

4. Run measurement ((RVision utility menu).

1.2.2.1 Mounting the calibration grid

When the calibration grid is secured to a fixed surface
When the calibration grid is secured to fixed surface, a camera mounted on the robot end of arm tooling is
used to measure the position of the calibration grid frame. The Grid Frame Setting Function identifies
the position of the calibration grid frame relative to the robot base frame (world), and sets the results in a
user specified user frame. When use a robot-mounted camera, the Grid Frame Setting Function can be
performed with the camera currently used. When use a fixed camera, prepare another camera for the
Grid Frame Setting Function separately. Then, perform the Grid Frame Setting Function using the
camera attached to the arbitrary positions of the robot end of arm tooling.

# Memo
To set the position of the calibration grid for calibration, it is recommended that

you should use the method to automatically measure the position of the
calibration grid on the camera data edit screen.
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Robot mounted-camera

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 Grid Frame Setting Function identifies the position of the calibration grid frame relative to the robot
mechanical interface frame (the robot face plate), and the results is written in a user defined user tool.
The Grid Frame Setting Function can be performed with the camera currently used. When there is not
sufficient space to perform Grid Frame Setting Function with the camera currently used, prepare another
fixed camera and Grid Frame Setting Function can be performed.
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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. Spreading 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 the parameters

Setup the parameters on [{RVision 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 iR Vision Utilities screen will appear.

/0
iRVision Utilities

D — ilAutomatic Grid Frame Set]

L V1io1un LUy menug

1/2

[ TYPE ] 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: EFLIETEIEILEETEY
5 Exposure Time: 15.00 ms
6 Start Position: Not Recorded
7 Grid Spacing: 15.0 mm

Setting Result
Focal Distance: kkkkkk

[ TYPE] DISP IMG FIND EXECUTE )

/A\ CAUTION
The Grid Frame Set menu cannot be opened in more than one window at a time.

The following items will be displayed 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 Grid Frame Setting Function - user frame or user tool. When set the
user tool with the calibration grid mounted on the robot, select F4 [UTOOL]. When set the user frame
with the calibration grid installed on a table or other fixed surface, select F5 [UFRAME].

[User Frame Number to set]

Specify the number of the user frame to be set. This will only be displayed if [UFRAME] is selected in
[Set UFrame or UTool?]. The range of specifiable user frame numbers is 1 to 9.

[Tool Frame Number to set]

Specify the number of the user tool to be set. The range of specifiable user tool numbers is 1 to 10.
This will only be displayed 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 [FIND], and a list of cameras will be displayed. 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 be displayed, and if it hasn't been, [Not Recorded] will be displayed.
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 Edition Subsection 1.2.1.3, "Teaching
Start Position".

[Grid Spacing]

Set the grid spacing of the calibration grid in use.

[Check Result]
This item is displayed when measurement is completed. For details, refer to the description of checking
the measurement result in "iRVision OPERATOR'S MANUAL (Reference) B-83914EN".

[Check Tool/User Frame Setup]

This item is configurable after measurement. If measurement is not completed, this item cannot be set.
For details, refer to the description of checking the measurement result in "iRVision OPERATOR'S
MANUAL (Reference) B-83914EN".

F2 [DISP IMG]

The Automatic Grid Frame Set screen and Vision Runtime screen will be displayed as follows.
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1/0 JOIN
iRVision/iRCalibration Utiliti iRVision Runtime
Grid Frame Set 4/8
1 Robot Group Number to Use: 1
2 Set UFrame or UTool2: UTOOL

3 Tool Frame Number To 3e
4 Camera Name: 1: 2|
5 Exposure Time: ms

- L B B B BN AR BN B BN J
& Start Position: Not Recorded
B O SO &8 008081
7 Grid Spacing: 15.0 mm
PO OO SO0 "0 01
Setting Result P o " 008 . L B B B N |
Focal Distance: = = kewdes mm pess e sesPeass e
Scale: **%%  mm/pix
P oo 09 * 00 01
Mean Error: = =000 kkkkk pix o0
Maximum Error: = kxws pix LU B L BN AR L BB |
> &S0 88 0080881
& Set User frame for check: 1 BTEEEEEEEEET

[ TYPE ] DISP IMG [CHOICE] EXECUTE

F3 [LIVE]

A live image for the selected camera will be displayed on the Vision Runtime screen. When a live
image is displayed, it changes to F3 [STOPLIVE] and if F3 [STOPLIVE] is pressed, live image display
will be stopped.

F4 [FIND]

Detect 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 screen to set the LED light integrated into the camera package is displayed. For details on the LED
light setting, refer to the description of setting the LED light in "iRVision OPERATOR'S MANUAL
(Reference) B-83914EN".

F9 [MOVE_LIM]

The robot moves during the measurement of the grid frame, and the screen to set the move amount limit
for this measurement is displayed. For details on the move amount limit setting, refer to the description of
setting the move amount limit in "iRVision OPERATOR'S MANUAL (Reference) B-83914EN".

1.2.2.3 Teaching start position

Teach the start position using the following procedure.

1 If Vision Runtime is not displayed, press F2 [DISP IMG].
Place the cursor over [Start Position].

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 of the four large black circles of the calibration grid are inside the
camera's field of view. The distance between the calibration grid and the camera should be
appropriate for the grid to come into focus, which is, under normal circumstances, roughly the same
as the distance at which camera calibration is performed.
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#Memo

field of view.

For Automatic Grid Frame Set, measurement is performed by panning and
rotating the camera attached to the robot's gripper or the calibration grid. Itis
recommended that you set the field of view to something quite large in relation to
the calibration grid, so that the four large black dots will not be outside of the

/Camera field of view

Camera field of view

4 While holding down the [SHIFT] key, press F4 [RECORD].
The start position will be recorded, and [Start Position] changes to [Recorded].
5  To check the trained start position, press F3 POSITION. The value of each axis of the start
position is displayed, as shown below.

/0

iRVision/iRCalibration Utiliti
Grid Frame Set

Start position
Jl: -0.315 deg J4:
J2z -0.908 deg J5:
J3: 13.718 deg J6:

0.000 deg
-103.718 deg
0.315 deg

J

iRVision Runtime

LI O ]
se e e eee
oo e e eee
RN NI NN
I N N3
(NN I X
ses e e o ese
LI O AR B ]
ss s e s ee

o8 0000000
L ]
-

RECORD MOVE TO

To return to the previous menu, press PREV.
6  When moving the robot to the taught start position,

[SHIFT] key.

press F5 [MOVE TO] while pressing the
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1.2.2.4 Run measurement

Perform measurement as follows, using the taught start position as a reference.

AW N~

If Vision Runtime is not displayed, 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 F5 [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  1/0

iRVision/iRCalibration Utiliti iRVision Runtime
Grid Frame Set

Now executing

) o o 0 o 0 0

) o @ e o o @ |

) o © o O o © o

) @ ® o @ o o o |

) @ © o © o ©° o

/\ CAUTION
1 The measurement will stop if you release the [SHIFT] key during measurement.

3 Although the robot will perform the decided motion to some extent, depending on

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.

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.

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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Frame has been updated.

Vo

IRVision/iRCalibration Utiliti IRVision Runtime
Grid Frame Set

Execution of Grid Frame Set
succeeded.

Number of steps of main measurement

automatically changed to reachable FEEEEEEEEE Y]
po:ition: ' FEEEEEEEEEREN]
(N N I )
(U I BN I
oo oo eeooeee
 EENNNNNNNN]
s sees DSOS
ee e e ee OB OO
EEREENNENEENRN

5  Ifyou press F4 [OK] is pressed, you will return to the Automatic Grid Frame Set screen.

Measurement check
The 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] 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.

In the event of failure to measure
If measurement fails, the following message will appear.

iRVision/iRCalibration Utiliti iRVision Runtime
Grid Frame Set

Execution of Grid Frame Set
was aborted.

Please fix the problem and run
Grid frame Set again.

se s s e seORS
ses s s eGSR S
sesssesBORRRS
[N A AN NN N N
ee e v ooeeee
es oo 0DOoOo s e
sessss0oco0esse
LI BB O I BB O]
CRCRC I RO O B O]

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.

164 B-83914EN-2/03



Know-How 2. CAMERA DATA SETTING

2 CAMERA DATA SETTING

2
This chapter explains the settings for camera data. -

Create camera data and perform camera setup and calibration. Camera calibration is the work of setting
where the camera is installed as seen from the robot. Complete calibration before teaching a vision
process. There are three methods to calibrate a camera. This chapter explains them using the
following structure.

° Know-how Edition Section 2.1, "GRID PATTERN CALIBRATION WITH A FIXED CAMERA".

o Know-how Edition Section 2.2, "GRID PATTERN CALIBRATION WITH A ROBOT-MOUNTED
CAMERA".

e  Know-how Edition Section 2.3, "ROBOT-GENERATED GRID CALIBRATION".

2.1 GRID PATTERN CALIBRATION WITH A FIXED CAMERA

Grid pattern calibration is a general-purpose calibration method for cameras that uses a special jig called a
calibration grid. When using grid pattern calibration, prepare a calibration grid in advance. Usually,
prepare a calibration grid which is the bigger than a field of view. A standard calibration grid is
available from FANUC in several sizes. It is strongly recommended that you order a calibration grid as
well as a camera and lens.

It is not necessary to detect all the dots on the calibration grid. There are 11x11 dots in the standard
calibration grid of FANUC. If 7x7 dots are detected, the camera calibration is performed with sufficient
accuracy. (The four big dots need to be detected.) In order to show all the dots in field of view, it is
not necessary to prepare a small calibration grid. In order to perform a calibration with accuracy
sufficient to the edge of the field of view, even if the number of detectable dots became fewer, prepare the
bigger calibration grid than a field of view.

Use the following setup procedure for 'GRID PATTERN CALIBRATION WITH A FIXED CAMERA":
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1 Application Frame Setting

1l

2 Camera Data Creation

ags

3 Camera Setup

ags

4  Calibration (Calibration Setup, Grid Frame

Setup, Calibration)

igE

5 Checking Calibration Point

oyt

6  Checking Calibration Result

For a robot system with multiple cameras, create camera data for each camera and perform calibration.

211 Application Frame Setting

Select a frame for the robot that will be the reference for calibration. Perform camera calibration using
the selected frame as the reference.

User frame [0: World frame] is selected as the default setting. In most cases, it does not need to be
changed. However, in the following cases, set up a user frame and perform calibration using that user
frame number as the application frame.

e In cases where the camera is attached to a robot other than the robot to be offset
e In cases where the calibration grid is attached to a robot other than the robot to be offset
e In cases where multiple robots are to be compensated using the same offset

Also, in cases like the above, it is necessary to carry out communication between robot controllers.
iRVision performs this communication when it is necessary, and for this, an interface function called
'ROS Interface Packet over Ethernet (RIPE)' is used internally. For robot systems to which the above
cases apply, refer to the description of ROS Interface Packet over Ethernet (RIPE) in "Ethernet Function
OPERATOR’S MANUAL B-82974EN" when setting up the RIPE functions.

The figure below is an example of a situation in which the calibration grid is attached to a robot other
than the robot to be offset. When a camera is installed on the Robot 1 and a calibration grid is installed
on the Robot 2, set a common user frame for both robots, and use the frame as the application frame.
Also make the user frame number common.
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Camera

Robot with a calibration grid
/ (Robot 2) 2

Common user frame= Application frame

Robot with a camera

(Set the same application frame number for each robot)
(Robot 1)

Example of a situation in which the calibration grid is attached to a robot other than the robot to be offset

For information on user frame settings, refer to Know-how Edition Section 1, "FRAME SETTING".
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21.2 Camera Data Creation

Create camera data for the 2D camera and set the camera type, method for camera installation, etc.

For details on the creation of vision tools, including camera data, refer to the description of creating new
vision data in "iRVision OPERATOR’S MANUAL (Reference) B-83914EN".

2.1.3 Camera Setup

Set the camera to use and the type of camera calibration for the camera data that has been created.

1  On the vision data list screen, click the camera data that has been created.
2 Click [1. Camera Setup] in the navigation area.
A screen like the following one will appear.

iRVision Vision Setup - ChCM_
2
PRV 50% K| =l & |
Camera 1: sc130erF2 K
Robot-Mounted Cam. )
lAuto Brightness 0 Enable [
000600 0 00 Eposuretme® | oomGMEE B— 3.4.5
LED Type @ None
Focus and Aperture Adjust
o 0 060606 0 0 00
Calibration Grid Pattern Calibration &2
o0 0 0@e o000
o0 0 0@oe o oo
‘(I N X NI NN
o 0606 00 06 00
e ®© 06606060 060 00
! e () B
LIVE SNAP SAVE END EDIT

3  Set the camera to use, the method for camera installation, the exposure time, the presence/absence of
LED lighting, etc.
When use a fixed camera, select [No] for [Robot-Mounted Cam.].
4 Select [Grid Pattern Calibration] for [Calibration].
Adjust the diaphragm and focus of the lens. If you click [Adjust] in [Focus and Aperture], “Focus
Adjustment Guide” is displayed. For details, refer to the description of the focus adjustment guide in
“iRVision OPERATOR’S MANUAL (Reference) B-83914EN”.

9]

/N CAUTION
Adjust the diaphragm and focus of the lens before camera calibration. If the
diaphragm and focus are readjusted, camera calibration needs to be performed
again.

= Memo
The brightness of images snapped with a camera that supports HDR can be
adjusted automatically. For details, refer to the description of automatic
brightness adjustment in “/RVision OPERATOR’S MANUAL (Reference)”.
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21.4 Calibration

Detect the grid pattern and perform camera calibration. The method for calibration varies depending on
where the calibration grid is installed.

When using a fixed installation for the calibration grid, refer to Know-how Edition Subsection 2.1.4.1,
"For fixed installation".

When installing the calibration grid on the robot's gripper, refer to Know-how Edition Subsection 2.1.4.2,
"For robot-mounted installation".

2.1.4.1 For fixed installation

When using a fixed installation for the calibration grid, perform calibration using one plane as shown in
the figure below.

Calibration grid

Example of using a fixed installation for the calibration grid

Also, when using a fixed installation for the calibration grid, it is recommended that you install the
calibration grid near the workpiece detection plane. As shown in the figure below, it is recommended
that you install the calibration grid at a position where the distance between the camera and the workpiece
detection plane is the same as the distance between the camera and the calibration grid.
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Camera
i/

Workpiece measurement plane

Table
Workpiece

Installation plane of the calibration grid and workpiece detection plane

In the frame, set the information that says where the calibration grid is installed. In cases where
calibration is performed with the calibration grid fixed to a table, etc., set the installation information for
the calibration grid in a user frame with an arbitrary number. After setting the calibration grid position
in the user frame, do not move the calibration grid until calibration is complete. There are two methods
for setting a user frame: a method that uses a pointer tool, and a method that uses automatic grid frame set.
For details on setting using touch-up, refer to Know-how Edition Subsection 1.1.1, "User Frame Setting".
For details on setting using automatic grid frame set, refer to Know-how Edition Section 1.2, "FRAME
SETTING WITH THE GRID FRAME SETTING FUNCTION".
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Calibration Setting Procedure
Calibration setting for when using a fixed installation for the calibration grid is as follows.

1 Select [2 Calibration Setup] in the navigation area.
The grid pattern calibration setup screen will appear.
iRVision Vision Setup - CDCM
1
[ =] 0] 50% K2 J=H| = 2
Grid Spacing 30.0mm [§1
Robot-Held Cal. Grid @ No [ 3
O © 06 06 6 060 60 0O ethod o seFrame B 4
O © 06 066 060 60 0O
o0 0000 o0 oo
o000 o o oo
o0 0000 000
O © 06 066 60 60 0O
O © 06 066 06 60 0O
"% o M 2
2 From the [Grid Spacing] drop-down box, select the grid spacing for the calibration grid.
3 From the [Robot-Held Cal. Grid] drop-down box, select [No].
4 From the [Setting Fixture Pos. Method] drop-down box, select [Use Frame].
# Memo

In the simple mode, the world frame is set as the application frame. To change
the application frame to another user frame, switch to the advanced mode and
change the application frame.

Grid Frame Setting Procedure
The procedure to set the position of the calibration grid when fixing the calibration grid is as follows.

1

Select [3 Fixture Pos. Setting] in the navigation area.
The screen to set the fixture position of the calibration grid appears.
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2 From the [Cal. Grid Frame] drop-down box, select the user frame number where the position of the
calibration grid is registered.

# Memo
Note that the frame specified in [Cal. Grid Frame] is different from [Application
Frame] and [Offset Frame].

3 Click the [Set] button in [Fixture Position Status].
The position registered in the set user frame number is displayed in [Position of Cal. Grid Relative to
App. UFrame].

Calibration Execution Procedure
The procedure to execute grid pattern calibration when fixing the calibration grid is as follows.

1 Select [4 Calibration] in the navigation area.
The screen to set grid pattern calibration appears.

iRVision Vision Setup - CDCM
5 1 s 1
1 B
Camera Calibration  Fixture Pos. [| Calibration | Calibration  Calibration
Setup Setup Setting Points Result
I 7] o
Number of Planes® 1 [E2 2
Camera Distance®  |Override Focal Distance [ me—— 3
©ceo0e0o00000 et |_t200
1st plane Found — 5
[}
=5 © ] s
LIVE SNAP SAVE END EDIT
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2 From the [Number of Planes] drop-down box, select [1].
When the calibration grid is fixed, one plane is used for calibration.

3 From the [Camera Distance] drop-down box, select [Override Focal Distance] and enter the nominal
focal distance of the lens in the text box.
When one plane was used for calibration with the calibration grid mounted perpendicular to the
optical axis of the camera, a correct focal distance cannot be theoretically calculated. Therefore,
manually enter the focal distance of the lens after finding the calibration grid. For example, when the
focal distance of your lens is 12 mm, enter "12.0".

4 Click [SNAP] to capture the image of the calibration grid.

5 Click the [Find] button in [1st plane].
For details on the setting after finding the image, refer to Know-how Edition Subsections 2.1.5,
"Checking Calibration Point" and 2.1.6, "Checking Calibration Result".
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2.1.4.2 For robot-mounted installation

When installing the calibration grid on the robot's gripper, perform calibration using two planes by
moving the robot vertically as shown in the figure below.

1st detection

\/ s

Example of calibration using two planes when installing a calibration grid on the robot's gripper

e In the 2D Single-view Vision Process or 2D Multi-view Vision Process, the up/down distance for
two-plane calibration should be 100 to 150 mm. It is recommended that the distance between the
camera and the calibration grid for one of the planes is the same as the distance between the camera
and the workpiece.

e In the Depalletizing Vision Process, it is recommended that the up/down distance for two-plane
calibration be set to a value that covers the upper and lower ends of the workpiece in the pallet.

e In the 3D Tri-View Vision Process, perform detection by bringing calibration surface 1 as close as
possible to the detection target. In addition, the up/down distance for two-plane calibration should
be 100 to 150 mm.

Find the grid pattern at two different heights. When moving the calibration grid up and down, jog the
robot without changing the calibration grid posture. 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. It is recommended that
positioning pins or other appropriate means may be used so that the calibration grid can be mounted at the
same position.
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For the robot-mounted installation, there are the following three methods to acquire the fixture position of
the calibration grid. It is recommended that you should use the method to automatically measure the
position of the calibration grid on the camera data edit screen.

e Method to open the camera data edit screen from the teach pendant and automatically measure the
position of the calibration grid

e  Method to use a pointer tool

e Method to use the grid frame setting function from [iRVision utility] on the teach pendant

For methods to use a pointer tool and the grid frame setting, set the position of the calibration grid to the
tool frame. For details on setting using touch-up, refer to Know-how Edition Subsection 1.1.2, "Tool
Frame". For details on setting using automatic grid frame set, refer to Know-how Edition Section 1.2,
"FRAME SETTING WITH THE GRID FRAME SETTING FUNCTION".

Calibration Setting Procedure
Calibration setting for when installing the calibration grid on the robot's gripper is as follows.

1 Select [2 Calibration Setup] in the navigation area.
The grid pattern calibration setup screen will appear.

iRVision Vision Setup - CDCM

u n
EEIrd oo CAICH s |
Grid Spacing 30.0mm [E2
Robot-Held Cal. Grid{Yes [
Robot Holding Grid |This Robot B Group |1 [

'Setting Fixture Pos.
Method Meas,

w N

ure automatically [l ——————— 4

"% oy | E

LIVE SNAP SAVE END EDIT

2 From the [Grid Spacing] drop-down box, select the grid spacing for the calibration grid.
3 From the [Robot-Held Cal. Grid] drop-down box, select [Yes].
4 From the [Setting Fixture Pos. Method] drop-down box, select [Measure automatically].

# Memo

1 In the simple mode, the world frame is set as the application frame. To change
the application frame to another user frame, switch to the advanced mode and
change the application frame.

2 If the position of the calibration grid was set to the tool frame using a pointer tool
or the grid frame setting, select [Use Frame] from the [Setting Fixture Pos.
Method] drop-down box.

Grid Frame Setting Procedure
The procedure to automatically measure the position of the calibration grid when attaching the camera to
the robot end of arm tooling is as follows.
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For details, refer to Know-how Edition Subsection 1.2.1, "Setting Procedure from the Camera Data Edit
Screen".

1 Open the camera data edit screen from the teach pendant and select [3 Fixture Pos. Setting] in the
navigation area.
The screen to set the fixture position of the calibration grid appears.

iRVision Vision Setup - CDCM
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SNAP FIND TEST SNAP+TEST END EDIT

2 Jog the robot to the automatic measurement start position.
The measurement start position must have a distance so that the camera faces the center of the
calibration grid almost straight and comes into focus.

3 Click the [Record] button in [Measurement Start Position].
[Set] is displayed in [Measurement Start Position].

4 Click the [Execute] button in [Measure Fixture Position] while holding down the [SHIFT] key on
the teach pendant.
When the measurement is successfully completed, the completion message pops up.

5  Check if the position displayed in [Measured Fixture Position] is correct.

# Memo
If the position of the calibration grid was set to the tool frame using a pointer tool
or the grid frame setting, use the same procedure as for the grid frame setting
procedure in Know-how Edition Subsection 2.1.4.1, "For fixed installation". In that
case, set the tool frame number in [Cal. Grid Frame].

Calibration Execution Procedure
The procedure to execute grid pattern calibration when attaching the calibration grid to the robot end of
arm tooling is as follows.

1 Select [4 Calibration] in the navigation area.
The screen to set grid pattern calibration appears.
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iRVision Vision Setup - CDCM
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2 From the [Number of Planes] drop-down box, select [2].
When the calibration grid is attached to the robot end of arm tooling, two planes are used for
calibration.

3 Find the 1st Plane. Move the calibration grid an appropriate distance from the camera, click [SNAP],
and click the [Find] button in [1st plane].

4 Find the 2nd Plane. Change the distance between the calibration grid and the camera, click [SNAP],
and click the [Find] button in [2nd Plane].

For details on the setting after finding the image, refer to Know-how Edition Subsections 2.1.5,
"Checking Calibration Point" and 2.1.6, "Checking Calibration Result".

2.1.4.3 When two or more robots are used

If the robot that has a camera attached to it and the robot that has a calibration grid attached to it are
different as shown in the figure below, for the [Robot Holding Grid], select the robot controller for the
robot with the calibration grid attached to it on the teaching screen for calibration.

B-83914EN-2/03 177



2. CAMERA DATA SETTING Know-How

Camera

/ Robot with a calibration grid

Common user frame= Application frame

Robot with a camera
(Set the same application frame number for each robot)

Example of a situation in which the calibration grid is attached to a robot other than the robot to be offset
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Click [2 Calibration Setup] in the navigation area.

Click the B=N icon to switch to the advanced mode.

3 From the [Application Frame] drop-down box, select a frame for the robot that will be the reference
for calibration. Specify the same user frame number for the two robots.

4 From the [Robot Holding Grid] drop-down box, select the name of the robot controller for the robot

with the calibration grid attached to it, and the motion group number.

[\
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21.5 Checking Calibration Point

Check the calibration point found in Know-how Edition Subsection 2.1.4, [Calibration].
If you click [5 Calibration Points] in the navigation area, the calibration points screen will appear.

#

1
2
5
4
5

1 66.6 639.5  120.0 0.0 0.0 0.011

6
7
8
9
10

11
12

Check points with large errors, and delete them if they
are not grid points.

Plane #

| we=point Number

If there are points found other than the dot positions of the calibration grid, delete the irrelevant found

points using the following procedure.

1 Select an irrelevant found point from the found point list, or enter a found point number in the [Point

Number] text box.
2 Click the [DELETE] button.

The irrelevant found point will be deleted.
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2.1.6

Checking Calibration Result

Check the calculated calibration data.
If you click [6 Calibration Result] in the navigation area, a calibration result screen like the following one

will appear.

[Scale] indicates how many mm one pixel on an image is equivalent to.

are not too large.
Focal Distance 0
Standoff Distance i
Lens Distortion i
Max Lens Distortion
Scale

Mean error value )

Maximum error value

Make sure that the focal distance is roughly acculate, and
that the mean error value and the maximum error value

Position of Camera Relative to Cal. Grid

X 300 Y -0.0 Z
w 0.0 P 0.0 R
Position of Cal. Grid Relative to App. UFrame i
X 1770.0 Y 0.0 Z
w 00 P 0.0 R

the size of field of view by the image size.

Example:
If the size of field of view is 262x169 mm and the image size is 640x480 pix, the scale will be as
follows.

0.409 mm/pix = 262 mm ~+ 640 pix

It can be calculated by dividing

If there is a large error in the [Scale], check whether the installation information for the calibration grid

has been correctly set, and the [Grid Spacing] has been correctly input.

[Scale] changes depending on

the distance from the camera, so it will not be constant within the field of view. The displayed value for

[Scale] is an average value for near the calibration plane.

If there is no problem with the calibration points and calibration result, then the calibration is complete.
Click [SAVE] to save the data, then click [END EDIT].
The calibration grid can now be removed.
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2.2 GRID PATTERN CALIBRATION WITH A
ROBOT-MOUNTED CAMERA

Grid pattern calibration is a general-purpose calibration method for cameras that uses a special jig called a
calibration grid. When using grid pattern calibration, prepare a calibration grid in advance. Usually,
prepare a calibration grid which is the bigger than a field of view. A standard calibration grid is
available from FANUC in several sizes. It is strongly recommended that you order a calibration grid as
well as a camera and lens.

It is not necessary to detect all the dots on the calibration grid. There are 11x11 dots in the standard
calibration grid of FANUC. If 7x7 dots are detected, the camera calibration is performed with sufficient
accuracy. (The four big dots need to be detected.) In order to show all the dots in field of view, it is
not necessary to prepare a small calibration grid. In order to perform a calibration with accuracy
sufficient to the edge of the field of view, even if the number of detectable dots became fewer, prepare the
bigger calibration grid than a field of view.

Use the following setup procedure for 'GRID PATTERN CALIBRATION WITH A ROBOT-MUONTED
CAMERA':

1 Application Frame Setting

ags

2  Camera Data Creation

ags

3  Camera Setup

ags

4  Calibration (Calibration Setup, Grid Frame

Setup, Calibration)

gt

5 Checking Calibration Point

ags

6  Checking Calibration Result
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2.2.1 Application Frame Setting

Select a frame for the robot that will be the reference for calibration. Perform camera calibration using
the selected frame as the reference.

User frame [0: World frame] is selected as the default setting. In most cases, it does not need to be
changed. However, in the following cases, set up a user frame and perform calibration using that user
frame number as the application frame.

e In cases where the camera is attached to a robot other than the robot to be offset
e In cases where the calibration grid is attached to a robot other than the robot to be offset
e In cases where multiple robots are to be compensated using the same offset

Also, in cases like the above, it is necessary to carry out communication between robot controllers.
iRVision performs this communication when it is necessary, and for this, an interface function called
'ROS Interface Packet over Ethernet (RIPE)' is used internally. For robot systems to which the above
cases apply, refer to the description of ROS Interface Packet over Ethernet (RIPE) in "Ethernet Function
OPERATOR’S MANUAL B-82974EN" when setting up the RIPE functions.

2.2.2 Camera Data Creation

Create camera data for the 2D camera and set the camera type, method for camera installation, etc.

For details on the creation of vision tools, including camera data, refer to the description of creating new
vision data in the "iRVision OPERATOR’S MANUAL (Reference) B-83914EN".

2.2.3 Camera Setup

Set the camera to use and the type of camera calibration for the camera data that has been created.

1 On the vision data list screen, click the camera data that has been created.
2 Click [1 Camera Setup] in the navigation area.
A screen like the following one will appear.

iRVision Vision Setup -

2 —
Camera Calibration
Setup Setup
EIrIEIra s0% K| EN — & |
Camera 1: sc130eF2 [
Robot-Mounted cam. ® [OTTIINNN CFZNN
Robot Holding Cam.  This Robot [ Group 1 K2
O © 6 0 06 60 0 00 lAuto Brightness © Enable [ |
Exposure Time® | 20000 msMMEBER I 3.4.5
o . o . ( ] . ( . ‘ LED Type @ None 2
Focus and Aperture
Calibration £ Grid Pattern Calibration |5
o000 oo oo -
o0 0 0@o o oo
(BN X NI BN
o 6 06060 06 0 00O
o 6 0 66 06 0 00O
=% e} () =
LIVE SNAP SAVE END EDIT
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3 Set the camera to use, the method for camera installation, the exposure time, the presence/absence of
LED lighting, etc.
If a camera has been attached to the robot's hand, select [ Yes] for [Robot-Mounted Cam].

4 Select [Grid Pattern Calibration] for [Calibration].

5 Adjust the diaphragm and focus of the lens. If you click [Adjust] in [Focus and Aperture], “Focus
Adjustment Guide” is displayed. For details, refer to the description of the focus adjustment guide in
“iRVision OPERATOR’S MANUAL (Reference) B-83914EN”.

/N CAUTION
Adjust the diaphragm and focus of the lens before camera calibration. If the
diaphragm and focus are readjusted, camera calibration needs to be performed
again.

-~ Memo
The brightness of images snapped with a camera that supports HDR can be
adjusted automatically. For details, refer to the description of automatic
brightness adjustment in “/RVision OPERATOR’S MANUAL (Reference)”.

2.2.4 Calibration

Detect the grid pattern and perform camera calibration.
If a camera has been attached to the robot's gripper, perform calibration using two planes by moving the
robot vertically as shown in the figure below.

Camera

1st detection

100 to
150 mm

2nd detection

Calibration grid

Example of two-plane calibration when installing a camera on the robot's gripper
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e In the 2D Single-view Vision Process, 2D Multi-view Vision Process or, in the 3D Tri-View Vision
Process, the up/down distance for two-plane calibration should be 100 to 150 mm. It is
recommended that the distance between the camera and the calibration grid for one of the planes is
the same as the distance between the camera and the workpiece.

e In the Depalletizing Vision Process, it is recommended that the up/down distance for two-plane
calibration be set to a value that covers the upper and lower ends of the workpiece in the pallet.

Find the calibration grid at two different heights. In this operation, ensure that the posture of the robot
for detecting the calibration grid is the same as the posture for detecting a workpiece. When moving the
camera up and down, jog the robot without changing the camera posture.

For calibration with the calibration grid fixed to a table, the fixture position of the calibration grid is
normally calculated automatically on the camera data edit screen before calibration.

Calibration Setting Procedure
The calibration setting for when a camera is attached to the robot's gripper is as follows.

1 Click [2 Calibration Setup] in the navigation area.
The grid pattern calibration setup screen will appear.

iRVision Vision Setup - CDCM
2 @ v
1 Camera Calibration Fixture Pos.
Setup Setup Setting
BRI 50% K2l =W il
Grid Spacing 30.0mm [ 2
Robot-Held Cal. Grid {No K2l 3
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e 0 0606 006 0 00
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o0 o0 0o oo oo
' N XN NI N
o 6 6 066 0 0 0O
o 6 © 066 06 0 0 O
*3 o | B
LIVE SNAP SAVE END EDIT

2 From the [Grid Spacing] drop-down box, select the grid spacing for the calibration grid.
3 From the [Robot-Held Cal. Grid] drop-down box, select [No].
4  From the [Setting Fixture Pos. Method] drop-down box, select [Measure automatically].

# Memo
In the simple mode, the world frame is set as the application frame. To change
the application frame to another user frame, switch to the advanced mode and
change the application frame.

Grid Frame Setting Procedure
The procedure to automatically measure the position of the calibration grid when attaching the camera to
the robot end of arm tooling is as follows.
For details, refer to Know-how Edition Subsection 1.2.1, "Setting Procedure from the Camera Data Edit
Screen".
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1 Open the camera data edit screen from the teach pendant and select [3 Fixture Pos. Setting] in the
navigation area.
The screen to set the fixture position of the calibration grid appears.

iRVision Vision Setup - CDCM
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2 Jog the robot to the automatic measurement start position.
The measurement start position must have a distance so that the camera faces the center of the
calibration grid almost straight and comes into focus.

3 Click the [Record] button in [Measurement Start Position].
[Set] is displayed in [Measurement Start Position].

4 Click the [Execute] button in [Measure Fixture Position] while holding down the [SHIFT] key on
the teach pendant.
When the measurement is successfully completed, the completion message pops up.

5  Check if the position displayed in [Measured Fixture Position] is correct.

Calibration Execution Procedure
The procedure to execute grid pattern calibration when attaching the camera to the robot end of arm
tooling is as follows.

1 Select [4 Calibration] in the navigation area.
The screen to set grid pattern calibration appears.

B-83914EN-2/03 185



2. CAMERA DATA SETTING Know-How

Calibration Calibration Calibration
Points Result

iRVision Vision Setup - CDCM
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END EDIT

2 From the [Number of Planes] drop-down box, select [2].
3 Find the 1st Plane. Move the calibration grid an appropriate distance from the camera, click
[SNAP], and click the [Find] button in [1st plane].

4 Find the 2nd Plane. Change the distance between the calibration grid and the camera, click [SNAP],
and click the [Find] button in [2nd Plane].
For details on the setting after finding the image, refer to Know-how Edition Subsections 2.1.5,
"Checking Calibration Point" and 2.1.6, "Checking Calibration Result".

2.2.5 Checking Calibration Point

Check the calibration point found in Know-how Edition Subsection 2.2.4, "Calibration".
Click [Calibration Points] in the navigation area. A calibration point screen like the following will
appear.

Check points with large errors, and delete them if they
are not grid points.

Plane # 1 n
# Vt Hz X Y Z Err P8
1 511.5 639.5 0.0 0.0 0.0 0.010
2 368.4 639.5 30.0 0.0 0.0 0.013
3 511.5 496.4 0.0 30.0 0.0 0.000
4 225.3 639.5 60.0 0.0 0.0 0.013
1

6 82.1 782.6 90.0 -30.0 0.0 0.008
7 82.1 925.8 90.0 -60.0 0.0 0.030
8 82.1 1068.9 90.0 -90.0 0.0 0.024
9 82.1 1212.0 90.0 -120.0 0.0 0.024

10 82.1 67.0 90.0 120.0 0.0 0.019
11 225.2 67.0 60.0 120.0 0.0 0.034
12 225.2 210.1 60.0 90.0 0.0 0.030
1 mmmmmPoint Number 2

If there are points found other than the dot positions of the calibration grid, delete the irrelevant found
points using the following procedure.

1 Select an irrelevant found point from the found point list, or enter a found point number in the [Point
Number] text box.
2 Click the [DELETE] button to delete the irrelevant found point.
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2.2.6 Checking Calibration Result

Check the calculated calibration data.
If you click [Calibration Result] in the navigation area, a calibration result screen like the following will
appear.

Make sure that the focal distance is roughly acculate, and
that the mean error value and the maximum error value
are not too large.

Focal Distance i 12.00 mm
Standoff Distance i} 474.6 mm
Lens Distortion -0.00000
Max Lens Distortion i 0.0 pix
Scale 0.209 mm/pix
Mean error value 0.016 pix
Maximum error value 0.046 pix
Position of Camera Relative to Cal. Grid i
X 00 Y 0.0 Z 474.6
w 00 P 0.0 R -0.0
Position of Cal. Grid Relative to App. UFrame f?
X 12000 Y 00 Z 1009.9
w 0.0 P 0.0 R 0.0
Position of Robot Holding Camera
X 11400 Y 0.0 Z 1502.9
w 180.0 P 0.0 R 0.0

[Scale] indicates how many mm one pixel on an image is equivalent to. It can be calculated by dividing
the size of field of view by the image size.

Example:
If the size of field of view is 262x169 mm and the image size is 640x480 pix, the scale will be as
follows.

0.409 mm/pix =262 mm —+ 640 pix

If there is a large error in the [Scale], check whether the installation information for the calibration grid
has been correctly set, and the [Grid Spacing] has been correctly input. [Scale] changes depending on
the distance from the camera, so it will not be constant within the field of view. The displayed value for
[Scale] is an average value for near the calibration plane.

If there is no problem with the calibration points and calibration result, then the calibration is complete.
Click [SAVE] to save the data, then click [END EDIT].
The calibration grid can now be removed.
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2.3 ROBOT-GENERATED GRID CALIBRATION

Robot-Generated Grid Calibration is a type of general-purpose camera calibration function similar to Grid
Pattern Calibration. The function moves the target, mounted on the robot end of arm tooling, in the
camera's field of view to generate a virtual grid pattern for camera calibration. Unlike Grid Pattern
Calibration, this calibration method does not require a calibration grid as large as the camera’s field of
view and is therefore suitable for calibrating a wide-view-angle camera. Also, since it performs 2-plane
calibration, the calibration method enables you to accurately calculate the position of the camera and the
focal distance of the lens in use. The robot automatically moves and measures the position of the target
and the size of the camera's field of view. When performing the calibration of the fixed camera, the
Robot-generated Grid Calibration can be used. @ When using a robot-mounted camera, the
Robot-generated Grid Calibration cannot be used. When using a robot-mounted camera, perform the
Grid Pattern Calibration for a camera calibration.

Fixed camera

Example of a layout for robot-generated grid calibration
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Set up robot-generated grid calibration using the following procedure.

1 Application Frame Setting

2 Selecting and Mounting the Target

-

3 Camera Data Creation

4  Camera Setup

5 Calibration Setup

6  Teaching Model

7  Executing Calibration

o L Y o R o

8  Checking Calibration Point

ags

9  Checking Calibration Result

If the target can be mounted in the same position each time using positioning pins, the previously created
re-calibration program can be used again for re-calibration. In this case, re-calibration of the camera can
be performed by executing this program from the first line.

For details on robot-generated grid calibration, refer to the description of Robot-Generated Grid
Calibration in "iRVision OPERATOR'S MANUAL (Reference) B-83914EN".

B-83914EN-2/03 189



2. CAMERA DATA SETTING Know-How

2.3.1 Application Frame Setting

Select a frame for the robot that will be the reference for calibration. Perform camera calibration using
the selected frame as the reference.

Set an application frame so that the XY plane of the application frame is almost parallel with the
calibration plane. During camera calibration, the robot moves in parallel to the XY plane of the
application frame. As shown in the figure below, if the calibration plane and the XY plane of the world
frame are almost parallel, a user frame [0: World frame] can also be selected as the application frame.

Camera

Application frame \
(Base frame) : #

Calibration plane.

Calibration plane and world frame
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As shown below, set a user frame so that the XY plane of the user frame is parallel with the calibration
plane. A user frame number is arbitrary, and use this user frame number as the application frame
number.

\ Plane on which robot moves (calibration plane)

Camera

Application  frame(user frame)

Target

Calibration plane and user frame
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2.3.2 Selecting and Mounting the Target

Select the target mark to be used for calibration.

Geometry of the target

The target must meet the following conditions:

e  The features to be taught are on the same one plane.
e  The target has a geometry for which any rotation of +45° or so can be identified.
e  The target has a geometry whose size can be identified.

Below are examples of appropriate/inappropriate shapes for the target.

D & D

Examples of appropriate shapes for the target

O

The rotation angle cannot be identified. The size cannot be identified.

Examples of inappropriate appropriate shapes for the target

Size of the target
The target should be something whose size will be approximately 80 to 100 pixels long and wide when it
is snapped as an image.

Mounting the target
Mount the target at the robot end of arm tooling. Make sure that the target does not get behind the robot
arm or the tooling even when the robot moves in the camera's field of view.

/\ CAUTION
Fix the target securely to the robot's gripper so that it will not get off position while
robot is operating.

# Memo

1 Normally, the robot position and posture are set so that the range of robot motion
becomes maximal when the robot actually operates. Therefore, mounting the
target so that it can be captured by the camera when the robot is in a posture that
it takes during operation makes it easier to secure the range of robot motion.

2 Positioning pins or other appropriate means may be used so that the target can
be mounted at the same position for each measurement. This way, a robot
program generated for a previous calibration operation can be used for
re-calibration.
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2.3.3 Camera Data Creation

Create camera data for the 2D camera and set the camera type, method for camera installation, etc. -

For details on the creation of vision tools including camera data, refer to the description of creating new
vision data in "iRVision OPERATOR’S MANUAL (Reference) B-83914EN".

2.3.4 Camera Setup

Set the camera to use and the type of camera calibration for the camera data that has been created.

1 On the vision data list screen, click the camera data that has been created.
2 Click [1 Camera Setup] in the navigation area.
A screen like the following one will appear.

iRVision Vision Setup - ChCM_

1£v 2%!

Camera Calibration
Setup Setup

[ =] 50% K2 D=
Camera 1: sc130er2 B3

Robot-Mounted Cam. {No [§2

Exposure Time ® [ 20.000 ms

LED Type none [E1

Calibration Robot-Generated Grid Cal. [i

=3 o () B

LIVE SNAP SAVE END EDIT

3 Set the camera to use, the method for camera installation, the exposure time, the presence/absence of
LED lighting, etc.

4 Select [Robot-Generated Grid Cal.] for [Calibration].

Adjust the diaphragm and focus of the lens. If you click [LIVE], a live image will be displayed in

the image view. Make adjustments while looking at the live image.

(9]

/N CAUTION
Adjust the diaphragm and focus of the lens before performing camera calibration.
If the diaphragm and focus are readjusted, camera calibration needs to be
performed again.
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2.3.5 Calibration Setup

Perform the necessary setup for robot-generated grid calibration on the calibration setup screen.

1 Select [2 Calibration Setup] in the navigation area.
The robot-generated grid calibration setup screen will appear.

iRVision Vision Setup - CDCM

3 !
1 Camera Calibration Train Model
Setup Setup
[ =] so% K2 =l &
IStart position Set
e 2

Image Logging Mode® Log Failed Images [

! o () B

LIVE SNAP SAVE END EDIT

2 Click the [Record] button for [Start position]. Record the start position.
The start position should be set so that the target attached to the robot's gripper appears roughly in
the center of the camera's field of view. The height of the measurement start position is the height of
the 1st Plane. During camera calibration, the robot will move in parallel to the XY plane of the
application frame while keeping the posture of the start position. Move the robot by jog operation
to a position that will be appropriate as the start position, and click the [Record] button at that
position to record the start position.
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Camera /h\

foA
foy
[\ 2
. |
j \

2.3.6  Teaching Model

Teach the shape of the target to use for calibration as a model pattern for the pattern match tool. Model
pattern teaching is performed after moving the robot to the recorded initial position.

1 Click [3 Train Model] in the navigation area.
A screen like the following one will appear.

iRVision Vision Setup - CDOCM
‘AR
Camera Calibration Train Model Calibration
Setup Setup
= 200% K =N =
E— 2
l [Training Stability Loc. G Ang. G Sca. G H 3
[Training Mask %9 e
Emphasis Area © Enable
Score Threshold » MEENEN
Contrast Threshold £
L
DOF Enable  Nom. Min.. Max.
Orientation © fr— 4
Scale 120.0| %
—
Image Display Mode  Pattern 54
Found 0 Row(V) Column(H) [ _Score [ _Contrast ] _FitError | Angle | Scale | Aspect [ Skew ]
|Almost Found 0
[Time to Find 0 ms
Show Almost Found

o (& L H M B

SNAP+FIND CONT S+F END EDIT

2 Click the [Teach] button.
A full-screen image will be displayed, and a rectangular window (reddish purple rectangle) will
appear. Surround the target to teach with the rectangular window, and click [OK]. The model
pattern will be taught.
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# Memo
Make the size of the rectangular window slightly larger than the target. During
measurement, the zone of the rectangular window taught here will control the
position of the robot so that it does not go out of the search window. Therefore,
if the taught zone is too large compared to the target, it will not be possible to
move the target to the edge of the field of view, and this may result in an
inaccurate calibration result.

3 If a model pattern is taught, the evaluation result for the model that is taught will be displayed for
[Training Stability] will be displayed.
Check that there is a O for Location, Angle, and Scale. Even a single x will mean calibration

cannot be performed successfully, so change the shape of the target in such cases.
4 The standard values for [DOF] are £30 for [Orientation] and 95 to 120% for [Scale]. Normally,

these do not need to be changed, but adjust them as required.

2.3.7 Executing Calibration

In order to execute camera calibration, select camera data on the iR Vision utility screen.

1 Click [4 Calibration] in the navigation area.
A screen like the following one will appear.

iRVision Vision Setup - CDCM

[ ] w0 s0% K2 =0 i
Calibration ExecutedERuan e m— D

Cr o} M B2

SAVE END EDIT

LIVE SNAP

2 Click the [Execute] button in [Calibration].
3 When the following confirmation screen appears, click the [Execute] button while holding down the

[SHIFT] key on the teach pendant.
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iRVision Vision Setup - CDCM

Press SHIFT + F4 to execute, or F5 to Cancel.

EXECUTE CANCEL

I :

/A\ CAUTION

1 Releasing [SHIFT] while measurement is in progress stops the measurement.

In that case, perform the measurement again. You can resume it from where it
stopped.

2 The robot usually performs operations within an expected range according to the
parameter setting. However, the robot can make a motion beyond an expected
range, depending on the parameter setting. When doing the measurement, check
that the related parameters are set correctly and decrease the override to 30% or
less to ensure that the robot does not interfere with peripheral equipment.

3 If another program is paused, the robot may not be able to move. In that case,
abort the program using the [FUNC] menu on the teach pendant.

2.3.8 Checking Calibration Point

Check the calibration points found in Know-how Edition Subsection 2.3.7, "Executing Calibration".

If you click [5 Calibration Points] in the navigation area, the calibration points screen will appear.

Check points with large errors, and delete them if they
are not grid points.
~

1001 94.5 93.6 20455 321.6 343.3 0.015
1002 94.5 336.2 2045.5 178.6 3433 0.022
1003 94.5 578.8  2045.5 35.7 3433 0.046
1004 94.5 821.5 2045.5 -107.2 343.3 0.012
1 1005 94.5 1064.1 2045.5 -250.1 343.3 0.045
1006 303.0 11855 1922.7 -321.6 343.3 0.035
1007 303.0 9428 19227 -178.7 3433 0.013
1008 303.0 700.2  1922.7 -35.8 343.3 0.037
1009 303.0 457.5 1922.7 107.2 343.3 0.013
1010 303.0 215.0 1922.7 250.1 343.3 0.052
1011 511.5 93.6 1799.9 321.6 343.3 0.029
1012 511.5 336.2  1799.9 178.6  343.3 0.019

1 mmPoint Number 1005 mmMme-—

If there are any found points that have been found by mistake, delete the irrelevant found points using the
following procedure.
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1 Select an irrelevant found point from the found point list, or enter a found point number in the [Point

Number] text box.
2 Click the [DELETE] button.
The irrelevant found point will be deleted.

2.3.9

Checking Calibration Result

Check the calculated calibration data.

If you click [6 Calibration Result] in the navigation area, the calibration result screen will appear.

are not too large.

Focal Distance )

Lens Distortion i

Max Lens Distortion
Scale

Mean error value
Maximum error value
Calib. pt. height range i

Target position
X 3006 Y
w 00 P

X 17999 Y
w 0.0 P

Pos. of Camera Relative to App. UFrame

12.00

0.00000

0.0

0.589

0.026

0.052

343.3 - 4433
00 Z -9.0
0.0 R -0.0
0.0 Z 1677.0
0.0 R 0.0

Create TP program for Re-Calibration

Make sure that the focal distance is roughly acculate, and
that the mean error value and the maximum error value

pix
mm/pix
pix
pix

mm

Check whether the focal distance is correct, and whether the position of the fixed camera relative to the
application user frame is correct.
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3 SETUP OF SNAP IN MOTION

This function enables iRVision to snap an image without stopping robot motion, and is effective when
measuring a fixed frame offset with a robot-mounted camera and/or measuring a tool offset of a part held
by a robot with a fixed camera or a camera mounted on another robot. Using this function will reduce
robot cycle time compared to the legacy way.

3.1 OVERVIEW OF SNAP IN MOTION

This section gives an overview of the function snap-in-motion.

3.1.1 Features

This function enables iRVision to snap an image without stopping robot motion, and is effective when
measuring a fixed frame offset with a robot-mounted camera and/or measuring a tool offset of a part held
by a robot with a fixed camera or a camera mounted on another robot. The following vision processes
support this function.

2D Single-view Vision Process
2D Multi-view Vision Process
Depalletizing Vision Process
3D Tri-View Vision Process

You can calibrate cameras and teach vision processes as is conventionally.

Calibration of a camera and teaching vision processes are performed in the state where it stopped. Even
if it is SNAP IN MOTION, that is the same method with other applications.

Obtaining an accurate robot position at a snapping moment is a key technology to measure a fixed frame
offset of part with a robot-mounted camera or a tool offset of a part held by a robot with a fixed camera or
a camera mounted on another robot.

Conventionally an accurate robot position can be obtained only while a robot remains stationary. The
function snap-in-motion enables measuring a fixed frame offset and a tool offset by getting an accurate
robot position at a snapping moment.

This function has the following restrictions.

e  The robot that holds a camera or a part should be controlled by the controller on which iRVision
resides.

e  Only one robot can move at a snapping moment.

When performing tool offset with a robot-mounted camera, two robots are used (a robot holding a camera
and a robot holding a part), but the position during motion can be obtained for only one of them. Stop
the other robot when snapping.

iRVision assumes a robot that can move at a snapping moment in the following manner:

e  If [This Controller] is selected for Robot Holding the Part, the robot that held a part can move.

e Ifarobot other than [This Controller] is selected for Robot Holding the Part and [This Controller] is
selected for Robot Holding the camera, the robot that holds a camera can move.

Above conditions are used in both cases that two robots are controlled by one controller and two
controllers.
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3.1.2 Using Snap in Motion

By default, the function snap-in-motion is disabled. To use this function, change the system variable
$VSMO_CFG.$ENABLE to TRUE.

$VSMO_CFG.$SENABLE = TRUE

By setting this system variable to true, the function snap-in-motion itself is enabled. But, to snap an
image actually without stopping robot motion, you need to modify your robot program. Refer to the
Know-how Edition Subsection “3.1.4 Robot Program for Snap in Motion” about how to modify robot
programs.

By enabling the function snap-in-motion, the method to obtain a robot position at the snapping moment is
changed internally. Basically, you can use camera calibrations, vision processes and robot programs that
you taught previously even after this function is enabled. However, potentially a quantity of errors may
be observed if you continue to use camera calibrations and vision processes that you have taught before
the function is enabled. In such a case, calibrate cameras and teach the reference positions again.

3.1.3 Checking Position and Speed at Snap

When the function snap-in-motion is enabled, the actual position and speed of the robot at the last
snapping moment are recorded in the following system variables. Refer to these variables to determine
the exposure time and so on in study for application described later.

$VSMO_VAL.$POSITION
It is the actual robot position at the snapping moment. It is in the Cartesian format. X, Y and Z are in
millimeters, and W, P and R are in degrees. For a robot-mounted camera, the position of the mechanical
interface relative to the [Application UFrame] is recorded. For tool offset, the position of the
[Application UFrame] that you selected in the camera calibration setup page is recorded.

$VSMO_VAL.$SPEED

It is the actual robot speed at the snapping moment. X, Y and Z are in mm/sec, and W, P and R are in
degrees/sec.

3.1.4 Robot Program for Snap in Motion

For snap-in-motion, you need to execute the VISION RUN_FIND instruction in a different manner from
usual.

Snap after stopping
This is an example of a program for when snapping after stopping the robot, as in the conventional
procedure. The operation mode in line 2 is ‘FINE’. The robot's motion stops while snapping under the
‘VISION RUN_FIND’ command in line 3, and the motion to move to P[3] starts when snapping is
complete.

L P[1:start] 500mm/sec FINE
L P[2:snap] 500mm/sec FINE
VISION RUN_FIND " A’

L P[3:stop] 500mm/sec FINE

SHw N =
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Snap in motion
To snap an image without stopping the robot, the VISION RUN_FIND instruction should be executed by
using the TIME BEFORE instruction. In the robot program below, ‘CNT100’ is specified for P[2] in the
second line, and the subprogram FIND.TP is called at the moment that the robot passes through P[2] by
using the TIME BEFORE instruction.

1: L P[1:start] 500mm/sec FINE
2: L P[2:snap] 500mm/sec CNT100 TB 0.00sec, CALL 'FIND’
3: L P[3:stop] 500mm/sec FINE

FIND.TP that is called by the TIME BEFORE instruction is as below. The VISION RUN_FIND
function is executed in this subprogram.

| 1:  VISION RUN_FIND ' A |

You can tweak the start time of the TIME BEFORE instruction, or you can use the TIME AFTER
instruction or the DISTANCE BEFORE instruction instead of the TIME BEFORE instruction. For
these instructions, refer to "OPERATOR’S MANUAL (Basic Operation) B-83284EN".

If positions P[1] ~ P[3] in the above program are not on a line, the robot moves inside of the original path
and does not pass through P[2] because of CNT100. In such a case, modify P[2] so that the robot
actually passes through the expected snap position.

3.1.5 Notes

Vibration of robot arm while robot moving is not considered. The bigger the vibration is, the larger the
error is.

3.2 STUDY FOR APPLICATION

This section describes issues to consider when the function snap-in-motion is used.

3.2.1 Light and Exposure Time

If the function snap-in-motion is used, the camera or the target is moving during the exposure, so the
snapped image will be blurred to that extent. Because this blur can cause detection error, the exposure
time should be set a smaller value than usual to mitigate the blur.

Assuming that the robot moves in the direction at a right angle to the optical axis of the camera, the
amount of blur is calculated by the expression V x T x N + S in pixels, where V is the velocity at the
snapping moment in mm/sec, T is the exposure time in sec, S is the size of the camera field of view in
millimeters and N is the number of effective pixels of the camera.

(Pixels)=VxTxN=+S

Determine the exposure time so that this amount of blur is smaller than one pixel and prepare a good light
source to get a fully bright image with the selected exposure time.
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3.2.2 Image Processing Time and Motion Time

When using the function to capture without stopping, it is necessary to pay attention to the relationship
between the time required for image processing and the time required for robot operation.

GET_OFFSET
The following program calls the subprogram FIND.TP, which include the VISION RUN_FIND
instruction, at the moment that the robot passes through P[2] in the second line, and tries to get the
resulting vision offset in the line 4. If P[2] and P[3] were too close and the robot reached P[3] in a short
time, the robot would wait for the completion of vision detection in the fourth line, resulting the robot
stopping. To avoid such a thing, consider a good layout of the camera so that the image processing
finishes while the robot is moving from P[2] to P[3].

L P[1:start] 500mm/sec CNT100

L P[2:snap] 500mm/sec CNT100 TB 0.00sec, CALL FIND
L P[3:stop] 500mm/sec CNT100

VISION GET_OFFSET "A" VR[1] JMP, LBL[1]

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

Tl AW N =

Continuous RUN_FINDs

In iRVision, vision detection that has been executed first has to be completed before the next vision
detection can be started. Therefore, if you start up vision detection consecutively in a short interval, the
vision detection that comes after will be kept waiting, and as a result, it will not be able to snap an image
at the expected position.

For example, in the following program, if the time to move from P[2] to P[3] is shorter than the time for
the image processing for FIND1.TP, snapping an image for FIND2.TP will be delayed.

L P[1:start] 500mm/sec CNT100
L P[2:snap1] 500mm/sec CNT100 TB 0. 00sec, CALL FIND1
L P[3:snap2] 500mm/sec CNT100 TB 0. 00sec, CALL FIND2
L P[4:stop] 500mm/sec CNT100

SHw N =

Time a vision process takes depends on the shape of the trained model pattern, the detection parameters,
the condition of the snapped image, and the load of the controller that performs the vision process.
Check your vision process time by actually executing the vision process.

In addition, if the vision process executed previously is configured to log images, the next vision process
can be kept waiting until the previous vision process completes image logging and snapping an image of
the next vision process can be delayed. In such a case, configure the previous vision process not to log
images. The delay of snapping an image can be shortened slightly if the ‘Enable Logging’ is checked
off in the iR Vision configuration setup page.

3.2.3 Shift of Snap Position

Depending on the condition of the controller, timing of snap may be fluctuated slightly. The shift of the
snap timing is basically no problem, because iRVision can get an accurate robot position at snapping.
But if the size of the camera field of view is adjusted so that an image is filled with a part, the shift of the
snap timing lead the part being out of the camera field of view and that causes detection failure. Set the
size of the camera field of view to have enough margins to accept a quantity of the shift of the snap
timing. The size of margin depends on the speed of the robot at snapping. The faster the robot is
moving, the bigger the shift of the snapping position is.

Moreover, after turning on a controller, in the first vision detection, detection time may take a few
seconds longer. About the detection time of the second times, it becomes the normal detection speed.
At the detection of first time, when the shift of the snap timing occurs, perform the detection of first time
at somewhere else before the performing snap in motion.
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= Memo
Vision Processes are saved in the FROM or memory card. In addition, If Vision
Process is performed, it will remain in the cache in DRAM. Since access to the
file in cache is quick, the vision detection of second time becomes early rather
than the first time. Since Vision processes in the cache are deleted at the
turning off a control, the detection speed at first time after turning on a control
may become long. In addition, there is a limitation in the cache domain of
DRAM. So other Vision Processes are run, old Vision Processes in the cache
will be deleted from cache. In the system that runs many kinds of Vision
Processes in one cycle, some of the executed Vision Processes may not remain
in cache. The capacity of cache is 2 MB as an initial value.

3.3 SAMPLE APPLICATIONS

This section demonstrates three sample applications using the function snap-in-motion.

e  Tool offset with a fixed-mounted camera (2D Single-view Vision Process)
e  Tool offset with a fixed-mounted camera (2D Multi-view Vision Process)
e  Fixed frame offset with a robot-mounted camera (3D Tri-view Vision Process)

In either application, generally the setup procedure and items to consider are the same as those of each
application without the function snap-in-motion. The descriptions about the area of overlap with those
in each vision processes are left out.

3.3.1 Tool Offset with a Fixed Camera (2D single-view vision
process)

Tool offset with a fixed camera (2-D Single-view vision process) measures the amount of tool offset by
snapping the workpiece that the robot is gripping, using a fixed camera. Using the measured tool offset,
the robot positions are compensated to put the part in a correct position. The tool offset is usually
measured with stopping the robot. Using the function snap-in-motion, the vision detection can be
executed while the robot is transporting a part without stopping robot motion.

The subsection “1.4.4 Robot Program Creation and Teaching” in the setup procedure described in the
section “1.4 SETUP FOR TOOL OFFSET WITH FIXED CAMERA” is different from those using the
function snap-in-motion. ‘Robot Program Creation and Teaching’ is explained below.

The figure below is an example of layout in the case of tool offset using 2D Single-view Vision Process
with a fixed-mounted camera.

B-83914EN-2/03 203



3. SETUP OF SNAP IN MOTION Know-How

Compensation plane

Tool offset with a fixed camera (2-D Single-View Vision Process)

3.3.1.1 Robot program creation and teaching

This subsection demonstrates robot programs for tool offset in motion. Based on sample robot programs
below, create appropriate robot programs for your application.

The following two programs are created.
e  Main robot program (MAIN.TP)
e  Robot program to detect a target (FIND.TP)

MAIN.TP

This is the main program. In this program, the robot moves from the start position P[1] to the stop
position P[3] through the snap position P[2], and call the subprogram FIND.TP at the moment that the
robot passes through the snap position. After that, the VISION GET OFFSET instruction is called to
get the resulting vision offset. The robot positions P[4] and P[5] are compensated with the vision offset
so that the part is put at the correct location.

1: UFRAME_NUM=1

2. UTOOL_NUM=1

3:

4: L P[1:start] 500mm/sec CNT100

5: L P[2:snap] 500mm/sec CNT100 TB 0. 00sec, CALL FIND
6: L P[3:stop] 500mm/sec CNT100

7:  VISION GET_OFFSET "A” VR[1] JMP LBL[99]

8: L P[4:approach] 500mm/sec FINE VOFFSET, VR[1]
9: L P[5:set] 100mm/sec FINE VOFFSET, VR[1]
10: L P[4:approach] 100mm/sec FINE VOFFSET, VR[1]
11:  END
12:  LBL[99]
13:  UALM[1]
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FIND.TP
This is a program called by the TIME BEFORE instruction. This program executes the vision process
“A” using the VISION RUN_FIND instruction.

| 1:  VISION RUN_FIND ' A’ |

3.3.2  Tool Offset with a Fixed Camera (2D multi-view vision
process)

Tool offset with a fixed camera (2-D Multi-View Vision Process) measures the amount of tool offset of a
workpiece by snapping multiple features on a large workpiece that the robot is gripping, using a fixed
camera. Using the measured tool offset, robot positions are compensated to put the part at a correct
position. The tool offset is usually measured with stopping the robot. Using the function
snap-in-motion, the vision detection can be executed while the robot is transporting a part without
stopping robot motion.

The subsection “2.4.4 Robot Program Creation and Teaching” in the setup procedure described in the
section “2.4 SETUP FOR TOOL OFFSET WITH FIXED CAMERA” is different from those using the
function snap-in-motion. ‘Robot Program Creation and Teaching’ is explained below.

The figure below is an example of layout in the case of tool offset using 2D Multi-view vision process
with a fixed-mounted camera.

Camera

1st view position
2nd view position

Tool offset with a fixed camera (2-D Multi-View Vision Process)

3.3.2.1 Robot program creation and teaching

This subsection demonstrates robot programs for tool offset in motion. Based on sample robot programs
below, create appropriate robot programs for you application.

Following two programs are created.
e  Main robot program (MAIN.TP)
e  Robot program to detect a target (FIND.TP)
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MAIN.TP

This is the main program. In this program, the robot moves from the start position P[1] to the stop
position P[4] through the two snap positions P[2] and P[3], and calls the subprogram FIND.TP with a
camera view number as an argument at the moment that the robot passes through the snap positions. In
order to confirm that the vision processes are completed in every camera view, it waits until RJ1]
becomes 2.  After that, the VISION GET OFFSET instruction is called to get the resulting vision offset.
The WAIT instruction secures that the VISION GET OFFSET instruction is executed after the VISION
RUN_FIND completion. The robot positions P[5] and P[6] are compensated with the vision offset so
that the part is put at the correct location.

UFRAME_NUM=1
UTOOL_NUM=1

R[11=0

L P[1:start] 500mm/sec GNT100

L P[2:snap1] 500mm/sec CNT100 TB 0.00sec, CALL FIND(1)
L P[3:snap2] 500mm/sec CNT100 TB 0.00sec, CALL FIND(2)
L P[4:stop] 500mm/sec GNT100

WAIT R[11>=2

10:  VISION GET_OFFSET "A" VR[1] JMP LBL[99]

11: L P[5:approach] 500mm/sec FINE VOFFSET, VR[1]

12: L P[6:set] 100mm/sec FINE VOFFSET, VR[1]

13: L P[5:approach] 500mm/sec FINE VOFFSET, VR[1]

O ~J o Gl wWwnN —

©

14:  END
15:  LBL[99]
161 UALM[1]

FIND.TP

This is a program called by the TIME BEFORE instruction. This program executes detection of the
camera view specified by the argument using the VISION RUN _FIND instruction. And R[1] is
incremented after the image acquisition completes.

1: VISION RUN_FIND "A" CAMERA_VIEW[AR[1]]
2:  RI1]=R[1]+
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3.3.3 Fixed Frame Offset with a Robot Mounted Camera (3D
Tri-view vision process)

In a fixed frame offset application with a robot-mounted camera of 3D Tri-view Vision Process, three
features on a part are detected by the robot mounted-camera and the 3D position of the part is measured.
Using the measured position, robot positions are compensated so that the tool of the robot can reach the
part. The fixed frame offset is usually measured with stopping the robot.

Using the function snap-in-motion, the measurements can be executed continuously without stopping the
robot holding the camera at each snap position.

The subsection “4.3.3 Robot Program Creation and Teaching” in the setup procedure described in the
section “4.2 SETUP FOR FIXED FRAME OFFSET WITH FIXED CAMERA” is different from those
using the function snap-in-motion. “ROBOT PROGRAM CREATION AND TEACHING” is explained
below.

The figure below is an example of layout in the case of fixed frame offset using 3D Tri-view vision
process with a robot-mounted camera.

Camera

Tool offset with a fixed camera (3-D Tri-View Vision Process)

3.3.3.1 Robot program creation and teaching

Here, examples of robot programs for performing snap-in-motion and fixed frame offset are described.
Change the programs to suit each system, referring the robot programs described here.

The following two robot programs will be created.
e  Main robot program (MAIN.TP)
e  Detection robot program (FIND.TP)

MAIN.TP

This is a main program. In this program, the robot moves from the start position P[1] to the stop
position P[5] through the three snap positions P[2] ~ P[4], and calls the subprogram FIND.TP with a
camera view number as an argument at the moment that the robot passes through each snap position. To
confirm that the vision processes are completed in every camera view, it waits until R[1] become 3.
After that, the VISION GET _OFFSET instruction is called to get the vision offset. The WAIT
instruction can prevent that the VISION GET OFFSET instruction executes previously rather than
VISION RUN_FIND is completed. The robot positions P[6] and P[7] are compensated with the vision
offset so that the robot holds the part.
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1: UFRAME_NUM=1

2. UTOOL_NUM=1

3:

4:  R[1]=0

4: L P[1:start] 500mm/sec GNT100

5: L P[2:snap1] 500mm/sec CNT100 TB 0. 00sec, CALL FIND(1)
6: L P[3:snap2] 500mm/sec CNT100 TB 0. 00sec, CALL FIND(2)
7: L P[4:snap3] 500mm/sec CNT100 TB 0. 00sec, CALL FIND(3)
8: L P[5:stop] 500mm/sec CNT100

9:  WAIT R[11>=3

9:  VISION GET_OFFSET "A" VR[1] JMP LBL[99]
10: L P[6:approach] 500mm/sec FINE VOFFSET, VR[1]
11: L P[7:hold] 100mm/sec FINE VOFFSET, VR[1]
12: L P[6:approach] 500mm/sec FINE VOFFSET, VR[1]
13:  END
14:  LBL[99]
15:  UALM[1]

FIND.TP

This is a program called by the TIME BEFORE instruction.

This program executes detection in the

camera view specified by the argument using the VISION RUN FIND instruction. And R[1] is
incremented after the image acquisition completes.

1:
2:

VISION RUN_FIND "A" CAMERA_VIEW[AR[1]1]
RI11=R[1]+1
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4. FAQS FOR TROUBLESHOOTING

4

4.1

FAQS FOR TROUBLESHOOTING

METHOD FOR ADJUSTMENTS AFTER CAMERA
REPLACEMENT

| don't know how to make adjustments after camera replacement

Measures:

4.2

If the camera breaks for some reason, replace it and readjust using the following

procedure.

1 Cut off the power supply to the robot controller. By cutting off the power supply
to the robot controller, the power supply to the camera will be cut off.

2 Remove the camera. When doing this, be careful not to apply any pressure to

the diaphragm and the focus ring of the lens.

Remove the lens from the camera.

Attach the lens that was removed in step 3 to the new camera.

Install the camera and fix it in place.

Perform camera calibration.

The work is now complete.

Before removing a camera that is in operation, double-check that the diaphragm of the

lens and the focus ring are fixed securely in place and will not move.

Furthermore, the lens is reusable. If you replace the lens without moving the focus or

the lens ring, readjustment of the locator tools will be unnecessary, which will make

the work easier.

(@) WV, TN SN OS]

VISION DATA RECOVERY

| don't know how to recover vision data

Measures:

Recover vision data using the following procedure.

1 Prepare a memory card on which you have made a backup in accordance with the
procedure in Introduction Edition Section 2.7, "MEMORY CARD
PREPARATION".

2 The extension for vision data files is VD. If you load all the *.VD files, the
vision data will be recovered.

Be careful with the version ID if the robot controller to copy from is different from the

robot controller to copy to. The version ID of the robot controller to copy to needs to

be the same or higher than that of the robot controller to be copied from.

B-83914EN-2/03
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4.3

DETECTION PROBLEMS

The expected workpiece is not being detected (not found)

Measures:

Please check the following.

Set it so that logged images are saved, and save the not-found image. Adjust the
locator tool parameters using several images for which detection failed. If
saving logged images, refer to the description of Vision Config in "iRVision
OPERATOR’S MANUAL (Reference) B-83914EN". After finishing
adjustment, change the settings so that images will not be saved. The detection
time may be longer if found images are being saved.

Adjust the parameters while referring to the logged images. By placing a check
by [Show Almost Found], you will be able to tell which parameter settings are
causing the not-founds.

If part of the image is causing halation so that the workpiece is difficult to see, the
effect may be reduced to some extent by using the multi exposure function.
However the detection time may be longer if the multi exposure function is used.
If it is necessary to reduce the detection time, do not using multi exposure to
prevent halation, but rather, change the position of the lighting, etc.

If the contrast between the workpiece and the background is low, the workpiece's
features may not be seen clearly. When detecting the outline of a workpiece
with a pattern match tool, if the workpiece is light-colored, the workpiece will be
seen clearly if you set the background to a dark color.

When applying the [Depalletizing Vision Process], if detection becomes
impossible when the number of layers is changed, check whether the [Scale] for
the DOF has been set to something valid.
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A different workpiece from the expected one is being detected (false

detection)

Measures:

Please check the following.

Set it so that logged images are saved, and save the false-detection image.

Adjust the locator tool parameters using several images for which detection failed.

If saving logged images, refer to the description of Vision Config in "iRVision

OPERATOR’S MANUAL (Reference) B-83914EN". After finishing

adjustment, change the settings so that images will not be saved. The detection

time may be longer if found images are being saved.

Adjust the parameters while referring to the logged images. You can make

adjustments using methods like the following:

- Reduce the search area to until it is the smallest one that is necessary.

- Set the DOF for [Orientation], [Scale], and [Aspect] to the smallest that are
necessary.

- Reduce [Elasticity].

- Reduce the setting value for [Area Overlap].

- Set the [Emphasis Area].

If the workpiece has only a few model features, matching will be likely to occur at

various places within the field of view, which makes it easy for false detection to

occur. By increasing the number of model features, you will be able to perform

detection that is less likely to be affected by noise. If the number of model

features is increased, the detection score may decrease compared to when the

model had only few features. In such cases, set the score to something low.

Even if the score is set to something low, it will still be effective as a

false-detection prevention measure if the number of model features is increased.

Enabling [Ignore Polarity] in the setting items for things like pattern match will

make it easy for false detection to occur. It should basically be set to disabled.
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| don't know how to redetect

Measures: If detection has failed owing to a not-found, etc., the detection can be retried using
vision override while changing the detection parameters. For details on vision
override, refer to the description of Vision Override in the "iRVision OPERATOR’S
MANUAL (Reference) B-83914EN".

An example of retry while changing the exposure time in a 2-D single-view vision
process is shown below.
The following figure is the setup screen for vision override. Suppose that the vision
process name is 'A', and the vision override name is 'EXPO1".
Vision Process A n
Vision Tool Snap Tool 1 n
Property Exposure Time n
Overridable Range | 10.000| - 50.000| Current Value: 20.000
The following is a sample program. Vision detection is performed in line 15. As an
example, the exposure time here is set to 20 ms. If the vision detection has failed, a
vision variable setting instruction is called in line 20, and the exposure time is changed
to the value stored in register [5] (for example, 25 ms). If detection is performed
again in this state by executing vision process 'A' in line 15, an image will be snapped
with an exposure time of 25 ms.

12:  R[20:retry]=0

13:  R[15:notfound]=0

14:  LBL[100]

15:  VISION RUN_FIND 'A'

16:  VISION GET_OFFSET 'A' VR[1] JMP LBL[10]

17:  JMP LBL[20]

18: LBL[10]

19:  IF R[20:retry]=1,JMP LBL[900]

20: VISION OVERRIDE 'EXPO1' R[5]

21:  R[20:retry]=1

22:  JMP LBL[100]

23:

24:  LBL[20]

34: LBL[900]

35:  R[15:notfound]=1
Vision override does not overwrite the content of the vision process itself. The values
that are overwritten by override are only enabled for the vision detection instruction
immediately after the vision variable setting instruction is executed. Once the vision
detection instruction is executed, all values set by the vision variable setting instruction
(and all vision variables related to vision processes other than the one that executed
detection) will be cleared.
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The lighting environment is not stable

Cause:

Measure 1:

In an environment where the intensity in the field of view is not constant between day
and night, detection may not be stable.

By using the auto exposure function, detection that is resistant to intensity changes can
be performed. Auto exposure is a function that automatically selects the exposure
time in response to the ambient environment so that the intensity of a snapped image
will be the same as that of a reference image. This is done by registering in advance
an image with an intensity to use as the reference.

How to specify the auto exposure area
Specify the auto exposure area. The image that was being displayed when you set the
auto exposure area will be the reference image for auto exposure. Set up the auto
exposure area using the following procedure.
1 From the [Exposure Mode] drop-down box, select [No].
2 Adjust the exposure time so that the image has an appropriate intensity.
3 In the [Exposure Mode] drop-down box, change the selection to [Auto].
Click [OK] on the displayed pop-up that asks for the auto exposure area to be

taught.
iRVision Vision Setup - VP2S
MG oo IR =
¥ [l 2.0 Single-View Vision Process

E GPM Locator Tool 1
Offset Data Calculation Tool

Snap Window Full Window Set A
Resolution Reduction @ 2x [§ll

image Size i)
Exposure Mode l Auto 61 i
o

Auto Exposure Area @) (238,622) 100x100

Auto Exposure Adjust ® 0 B
Multi Exposures 14 :
LED Type None B8l

Image Display Mode Snapped Image ﬂ

[Time to Find: 312 ms

C | | E

PLAYBACK END EDIT

4 Set the auto exposure area.

e If the auto exposure area has not been taught yet, a window for teaching the
auto exposure area will appear, so set the auto exposure area using the
window.

e  [f the auto exposure area has already been taught, click the [Train] button for
[Auto Exposure Area] to change the position and size of the auto exposure
area.
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iRVision Vision Setup - VP2S
‘oom FTTH |
Enclose the area to be used as the photometric area with a rectangular window.
In [Auto Exposure Mode], a completely white or black area of the image cannot be specified. Set an area in intermediate gray shades as the photometric

X

CANCEL

5  If'there is a section you want to ignore in the auto exposure area, click the [Mask]
button and mask the section you want to ignore.

#Memo

1 A section in the image that is completely white or completely black
cannot be specified as the auto exposure area. Set a section that
has intermediate colors to be the auto exposure area.

2 A section in which the image changes significantly is not suitable as
an auto exposure area. For example, in a place where there is
sometimes a workpiece and sometimes not, stable photometry
cannot be performed, as the intensity of its appearance will change
significantly depending on the presence or absence of a workpiece.

How to make fine adjustments for auto exposure
Fine adjustments can be made in auto exposure so that an image will be snapped that
has an intensity that is a little brighter or darker than that of the set reference image.
A value from -5 to +5 can be selected. The larger the value gets in the + direction, the
brighter the image will be, and the larger the value gets in the - direction, the darker the
image will be.

/N\ CAUTION
As auto exposure and multi exposures create a single image by

shapping multiple images at a time, the snap-in-motion function
cannot be used.
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Measure 2: Multi exposure snaps multiple images using different exposure times, and creates an
image with a wide dynamic range by combining them. The same as with auto
exposure, detection that is resistant to intensity changes can be performed. Specify
the number of images to snap. A number between 1 and 6 can be set. The more
images are taken, the wider the dynamic range will be, but the time it takes to snap the
images will also be longer. Also the outlines in the image may be blurred overall.

iRVision Vision Setup - VP2S
BRGIEIV 100% AN A1 .

v H 2-D Single-View Vision Process

(8] Snap Tool 1 v
GPM Locator Tool 1

Offset Data Calculation Tool

&
Snap Window i Full Window Set Al
Resolution Reduction® 2 5
Image Size 512x640 pix
Exposure Mode ) Fixed K2
Exposure Time Y| v [~ A]
Multi Exposures 2B 1414 - 2828 ms

Multi Exposure Area®  (0,0) 1024x1280
Multi Exposure Mode £ | Deviation |5

LED Type @ None [§2

Image Display Mode Snapped Image n

[Time to Find: 626 ms

el | B

PLAYBACK SAVE END EDIT

How to specify the multi exposure area
Specify the exposure area used for multi exposure. Images are combined on the basis
of the intensity inside the multi exposure area. The whole of the screen is set by
default, and normally, this does not need to be changed. To set the multi exposure
area, click the [Train] button and set the window. If there is a section you want to
ignore in the auto exposure area, click the [Mask] button and mask the section you
want to ignore.

100% £
Enclose the area to be used as the photometric area with a rectangular window.
When the photometric area used for multi exposure is set, image synthesis is performed based on the brightness in the photometric area. 0 |

(Lol v X

RESET 0K CANCEL

Multi Exposure Mode
Select the method for combining the images in multi exposure.
e  Deviation
For the images in a multi exposure area, the deviation of the luminance is
calculated, and the images are combined in such a way that only a few pixels that
cause halation will remain. This is the default setting.
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e  Maximum
Images are combined by suppressing the maximum luminance so that the images
in the multi exposure area do not cause halation. If there is even a part of the
multi exposure area where halation is occurring at even a single point in, all other
parts will become relatively darker.

e  Average
A combination method that simply calculates the average intensity of each image.
Although it is the method for which the dynamic range is widest, the image will
be darker overall.

/\ CAUTION
As auto exposure and multi exposures create a single image by
snapping multiple images at a time, the snap-in-motion function
cannot be used.

Detection is taking a long time

Cause 1:

Measures:

Cause 2:

Measures:

A loop using an upward jump label that includes an operation statement with a
movement distance that is 0 has been programmed in.

Depending on how the TP program is created, it may not be possible to process vision
data because almost all of the CPU's capacity will be used for program execution.
Specifically, this applies in cases where a program with a loop that uses an upward
jump has been created, and in that loop, there is an operation statement for which the
movement distance is zero. In such cases, if there is an 'operation statement for
moving to a waiting position', then the movement distance of the operation statement
will be zero starting from the second run of the loop.

You can check whether the TP program has the above logic or not by changing the
value of the system variable $PG_CFG.$JIMPWAIT UPR to '16' (the default is '-16").

/N CAUTION
Changing the above system variable will put the system into the
same state as if a WAIT of 16 ms had been entered in all the
upward jumps. If there is a problem with application as a result of
this change, analyze the TP program to identify the loop that is
causing the problem, and enter a WAIT instruction in that loop (set
the system variable back to the default).

The execution history is being saved.

If the execution history is being saved using a USB memory, it may take a long time to
perform vision detection.
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