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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 The appearance and specifications of this product 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 must be read before using the robot.

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 DEFINITION OF USER

The personnel can be classified as follows.

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

Programmer or Teaching operator:
»  Operates the robot
»  Teaches the robot inside the safety fence

Maintenance technician:

»  Operates the robot

e Teaches the robot inside the safety fence

»  Performs maintenance (repair, adjustment, replacement)

- Operator is not allowed to work in the safety fence.

- Programmer/Teaching operator and maintenance technician are allowed to work in the safety fence.
Works carried out in the safety fence include transportation, installation, teaching, adjustment, and
maintenance.

- Towork inside the safety fence, the person must be trained on proper robot operation.
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Table 1 (a) lists the work outside the safety fence. In this table, the symbol “O” means the work allowed

to be carried out by the worker.

Table 1 (a) List of work outside the fence

Operator

Programmer or
Teaching operator

Maintenance
technician

Turn power ON/OFF to Robot controller

O

Select operating mode (AUTO/T1/T2)

Select remote/local mode

Select robot program with teach pendant

Select robot program with external device

Start robot program with operator’s panel

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

Emergency stop with teach pendant

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

Operator’s panel maintenance

Teach pendant maintenance

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

In the robot operating, 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

o  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
AWARNING Used |.f hazard resulltlng 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
ACAUTlON damage may be expected to occur if he or she fails to follow the approved
procedure.
Used if a supplementary explanation not related to any of WARNING and CAUTION
NOTE . o
is to be indicated.

e  Check this manual thoroughly, and keep it handy for the future reference.

$-2



TABLE OF CONTENTS

TABLE OF CONTENTS

SAFETY PRECAUTIONS ... e s-1
Introduction

1 PREFACE. ... e 3

11 OVERVIEW OF THE MANUAL ... 3

1.2 RELATED MANUALS ... enneas 5

2 BINPICKING. .. .ot e e e aans 6

21 SUPPORTED FUNCTIONS. ... 6

2.2 KEY CONCEPT .o enneas 6

2.3 PARTS LIST MANAGER ... 7

2.3.1 Login to Parts LiSt Manager .......cccvoiveiieiie e rte e 9

24 INTERFERENCE AVOIDANCE ... 9

24.1 Login to Interference AvOIidanCe SETUP........coviiiririirieieieiee e 11

3 CONFIGURATION AND FEATURES ..., 12

3.1 BIN PICKING SYSTEM WITH 3D AREA SENSOR.......ccccoiiiiiiiiies 12

3.2 FIXED FRAME OFFSET SYSTEM WITH 3D AREA SENSOR ................... 14

Basic Setup Procedures

1 BINPICKING SYSTEM WITH 3D AREA SENSOR.......ccceviiiiiiiienn. 17
1.1 INSTALLATION AND CONNECTION OF 3D AREA SENSOR .......ccccccc... 17
1.2 USER FRAME SETUP ..o e e 18
1.3 SETTING UP 3D AREA SENSOR DATA ..o 18

13.1 Selecting 3D Area SENSOr DAta.........ccccveveiieieie e 18

1.3.2 3D Area Sensor Configuration ..........ccceveieeie i 19

1.3.3 Calibration SELUD ......cveie et 20

1314 TraiN IMOGEL ... bbbt 21

135 CaAlIDIALION ... 22

1.3.6 Checking Calibration POINT ..........c.cooiiiiiiiiii e 23

1.3.7 Checking Calibration ReSUIL ...........ccoiiiiiiiiieee e 24

138 3D ATEA SENSOI SEEUPD ..vevieeieitieiieie sttt ettt ettt ettt b e b sre e 24

14 TOOL FRAME SETUP .. 25
15 SETUP OF INTERFERENCE AVOIDANCE DATA ..o 25
151 Setting Interference Setup (System) Data ........cccccvveveiieviiiiie e, 25

152 Setting Interference Setup (RODOL) Data .........ccccvevveveiieriiieiee e, 27

153 Setting Interference Setup (Condition) Data.........c.cccecevevveiiiiieveseee e, 28

1.6 SEARCH VISION PROCESS SETUP ..o, 29
16.1 VISION PrOCESS SEIUD ...t 29

1.6.2 Command TOOI TEACKING .......civevireieieieere e 30

1.6.2.1  Teaching the 3D data preprocess t00l.........coevverieirenisinieseecse s 30

1.6.2.2  Teaching the 3D peak 10cator t0O0..........cccoiivireiiiiceee s 30

1.7 SETUP OF PARTS LIST MANAGER ..o 31
1.7.1 Setting the Type of the Parts List Manager........c.cccvvvvveveiviiie e, 31
B-83914EN-6/02 c-1



TABLE OF CONTENTS

1.7.2 Setting SEARCH VP LiSE......oiiiiiiiiiiiiisee e 32

1.7.3 Setting PICK POSITION LSE.......ciiiiiiiiiiiiiie e 32

1.7.4 Settings PICK Position With Set Reference Wizard ............cccoocevviiiiniiiieicnenns 33

1.8 TEACHING TP PROGRAM ...t 36

18.1 Flow Chart of TP Program .........cccoeieeiieiiiiic et 36

1.8.2 Register SEtting TabIe ......c.oovi i 37

1.8.3 Batch Input of Register COMMENTS ........cccvviiiiiiiieir e 38

184 o T T T I ol o (0T 1y o S 39

1.9 ROBOT COMPENSATION OPERATION CHECK ... 41

2 FIXED FRAME OFFSET SYSTEM WITH 3D AREA SENSOR............. 42

2.1 INSTALLATION AND CONNECTION OF 3D AREA SENSOR ................... 42

2.2 USER FRAME SETUP ...t ea s 43

2.3 SETTING UP 3D AREA SENSOR DATA ..., 43

2.3.1 Editing 3D Area SENSOr Data..........cccevveiiiiieiie e eie et 43

2.3.2 3D Area Sensor ConfiguIatioN ........c.cveueeieeie e 44

2.3.3 (O 1] o] r- U o] IS T=1 (N o S 45

2.3.4 Train MOEl ... s 46

2.35 LOF 111 o] -1 1 ] HS SRRSO 47

2.3.6 Checking Calibration POINt ...........cccciviiiiiiiice e 49

2.3.7 Checking Calibration RESUIL ..........cccveiiiiiieic e 49

2.3.8 3D ATEA SENSOT SEIUPD .oovvveeiiriieitieesiiee st e st e sete e s e et e e stae e srbeeesbeeesbeeesrbeesnbeeesseeennns 50

2.4 TOOL FRAME SETUP ..ot 50

2.5 SEARCH VISION PROCESS SETUP ..., 50

25.1 EditiNG VISION PrOCESS ...ccvvviieiieiiieesieesieesteesieeseesee s e ste e te et ste e e e sneesneesneesneas 51

25.2 Command TOOI TEACKING ........cieiiieiie e 52

2.5.2.1 Teaching the 3D data preprocess t00l..........cccoovrviveieriiieie e 52

2.5.2.2  Teaching sNap t00].......ccciiiiiieii e 52

2.5.2.3  Creating and teaching the GPM locator tool .........ccccevvvveiieviinie e, 52

2.5.2.4  Teaching the 3D plane measurement tool...........cccvevveveevenieveninse s 53

2.5.2.5 Teaching the offset data calculation tool ............ccccvevveveieiie v, 54

2.6 CREATING TP PROGRAM ... 55

2.6.1 FIOW Chart of TP Program .......ccooeiveieie et ens 55

2.6.2 Register Setting Table .......covvii i s 55

2.6.3 Creating and Teaching TP Program .........cccccevvviveiienienirenise e e seseesie e 56

2.7 ROBOT COMPENSATION OPERATION CHECK ..o, 57
References

1 FRAME SETUP REFERENCE ... 61

1.1 FRAME SETTING WITH A POINTER TOOL ....covviiiiiiieieeeeeeeeeeeee 61

111 USEr Frame SEEHING .....cveieiiiiierieieeees e 61

L1101 TCP SELUP oottt ettt ettt ettt st sb e b nneas 61

1.1.1.2  Setting method types and ProCeAUIES .........cociverieirerieinierieeseieese e 68

1.1.2 TOOI Frame SELHING ......ccveveieiiiie s 80

1.2 FRAME SETTING WITH THE GRID FRAME SETTING FUNCTION........... 88

1.2.1 SELUP PrOCEAUIES ..ottt sttt sbe et et sreene e re e 89

1.2.2 Mounting the Calibration Grid...........cccccveieiiiiiiece e 89

1.2.3 Setting the Parameters ........ccoiiiv ettt 91

124 Teach the Start POSITION...........ccccviieieie e 94

1.25 RUN MEASUIBIMENT. ....ee ittt ettt sttt e e ste e sbeesteenreesreesreeas 95

2 CAMERA CALIBRATION REFERENCE ..., 97

c-2 B-83914EN-6/02



TABLE OF CONTENTS

2.1 ROBOT-GENERATED GRID CALIBRATION ... 97
2.1.1 Selecting and Mounting the Target .......cccccovevveiie e 99

2.1.2 Creating a 3D Area SeNSOr Data ........ccccceeieeiieeiiieiiieiie e sree e s 100

2.1.3 3D Area Sensor ConfigUIAtiON .........cccveiveieeiee i e e 100

2.1.4 Calibration SELUP......cve et nre e 100

2.15 TrAIN IMOEL ... e 103

2.1.6 CaliBratiON .....oiice et 104

2.1.7 Checking Calibration POINt ...........ccccoiiiiieii it 105

2.1.8 Checking Calibration ReSUIL ...........cccoiiieiiiecece e 106

2.1.9 Automatic ReCalibration...........c.cccccviieii i 108

3 3D AREA SENSOR REFERENCE.........coiiiii e, 109
3.1 3D AREA SENSOR GUIDANCE ... 109
3.11 SEANAAIT LAYOUL ... 109

3.1.2 Camera CalibBration..........ccceiieiie ettt ere e 111

3.1.3 Projection FOV and Standoff of Projector Unit............cccceveiiiniinincnence 111

3.14 FOV Of CAMEIAS.....ccuiiieeiiec ittt ettt sttt re s 111

3.15 AMDIENT LIGNTS...oieiiee e 111

3.2 GENERAL DESCRIPTION OF 3D AREA SENSOR FRATURES.............. 112
3.2.1 3D Detection With ONnly 3D Map ......ccoocviieiiicie e 112

3.2.1.1 3D Peak LOCAtOr TOOL......ccucieiiiiisiecieeeeiese et 113

1725 W2 T B =] o] o J oo 1 o gl oo USRS 114

3.2.1.3 3D One-Sight-Model Locator TOOI ........cccccevevviiviiiiece e 115

3.2.1.4 3D Cylinder LOCAtor TOOI ......ccccviviieeieiieieie e ste st 115

3.2.1.5 3D Gripper Finger LOCator TOOL.........cccccevviieiiiisecieiese e 116

3.2.1.6 3D Data PreproCess TOOI.......ccuicviviieeiieiiieie e st seeeeiee et e s see e 117

3.2.2 3D Detection with Combination of 2D Locator Tool and 3D Map..........cccev.ee. 117

3.22.1 3D COG mMeasurement t00l.........cocviveiieieie s 118

3.2.2.2 3D plane measurement t0O0] ..........ccecveieiiiie i 118

3.2.2.3 3D Obstruction Measurement TOOI ........cccceveriirieeisieeiere e 119

3.2.24 3D BOX LOCALOr TOOL......ciiiiiiiiiie ettt st 120

3.3 UNMEASURABLE PARTS ..t 121
3.4 SETUP PROCEDURES OF 3D AREA SENSOR ..., 121
34.1 Adjusting the Layout of 3D Area SENSOT .......cccveveeiieiie e sie e ie e sre e e 121

3.4.2 Adjusting the Focus of the Projector Unit........c.ccccoooevieiiiviiiicce e 123

3.4.3 Adjusting the Focus of the Camera Unit..........ccccooviiiii i 124

3.4.4 Adjusting the Conditions for Acquiring a 3D Map.......cccccceveevivevienvieesiee e 125

3.4.4.1 Confirming the condition of the area where 3D points are not acquired......... 126

3.4.4.2  Adjusting the eXPOSUE tIME .......ccccviieiieiieie e 127

3.4.4.3  Adjusting the INENSITY .....cveieiiiiie e e 127

3.5 MACRO PROGRAMS ... e 128
4 INTERFERENCE AVOIDANCE REFERENCE .........cccoeiiiiiiicn, 129
4.1 BASIC OPERATION FOR INTERFERENCE SETUP.......ccciiiiin. 129
4.1.1 Operation for Interference SetUp Data .........cccceeeviiieiiieeieesee e 129

4.1.1.1  Creating NEW Tata ......ccveveieieresiese et 129

St = 11113 o TSRS 130

It T o] oY/ T TSRS 130

N B 11 o T S SS 130

Nt T = (=1 2= 0 1 T S 131

4.1.2 OPErating ObBJECES......veiiie e e e e re e re e reenaeenree s 132

4.1.21  Creating NEW ata .......cceiveieieiiriese sttt 132

O = (=Y - 0 1 T S SS 132

O T B 11 T USRS 133

4.1.24  Moving data up and dOWN ..........cccerieiieiiiie e 134

B-83914EN-6/02 c-3



TABLE OF CONTENTS

4.2 INTERFERENCE SETUP (SYSTEM) ..cooviiiiiiieeei e 134
4.2.1 Setting of User Frame Number and Container............cccoccvvveveeve v veeveeseenenn, 134

4.2.2 Setting of Fixed ODJECt Dal@........ccceeiiveiieiiee i 135

4.2.2.1  Spherical fiXed ODJECE ......cc.oiiiiiiie e 136

4.2.2.2  Cylindrical fixed ODJECE ......cceveiiieceeeee e 136

4.2.2.3  Hexahedron shaped fixed 0DJECE.........ccoveiiieiiiie e 137

4224 3D mMap fiXed ODJECL......coieiie e 138

4.3 INTERFERENCE SETUP (ROBOT) ...uuiiiiiiiiiiieiiiiiee e e e e 139
431 Setting the TOOI ODJECL........ccoiiiiiiei e 139

4.3.1.1  Spherical t00] ODJECT .......ccvie e 140

4.3.1.2  Cylindrical to0l ODJECT .......cvvviiiiiiieiree e 140

4.3.1.3  Hexahedron shaped to0l ODJECL.........cccvviiiiiiiiireceee e 141

4.4 INTERFERENCE SETUP (CONDITION)....ccovviiiiiiiiiiieeeeeieeeeeee e 142
4.4.1 Setting OF DAta TYPE....cceeiieiieie et e e se et e e ae e be e nre e reenneenreens 142

4.4.2 Setting of Interference CheCK ..o 142

4.4.3 Setting of Wall AVOIANCE ........ceeiieiiece e 143

4.4.4 Setting of Interference AVOIGANCE..........ccoviiieeiiie i 143

4.5 KAREL PROGRAM OF INTERFERENCE AVOIDANCE..........c.ccoeeennne. 147
5 PARTS LIST MANAGER REFERENCE .......coiiiiie, 150
51 BASIC OPERATIONS OF PARTS LIST MANAGER. ..., 150
511 SBIING TY P ettt sttt bttt sttt s be st sbeebeeneenae s 150

51.2 Displaying the Desired Edit Screen of Parts List Manager..........cccccoocevvnierenins 153

52 BASIC RULES OF PARTS LIST MANAGER.......cccciie, 154
53 PARTS LIST MANAGER SETUP AND PART DATA OPERATIONS ........ 155
531 Clear All Part Data in @ Parts LISt ........ccccooiiiieieniieeesesee e 155

5.3.1.1 Call BINPICK _CLEAR N a TP Program......cccccceeevevveruereeseseseseseeseeseesseseens 155

5.3.2 Push Some Part Data to @ Parts LiSt........ccoccoiiiieiiiiiee e 156

5.3.2.1  Setting up the SEARCH ViSiON PrOCESS.......cccoviiiiiieienieiesiesese e seenie e 156

5.3.2.2  Set up the parameters for deleting older part data when part data are pushed. 157

5.3.2.3  Duplication CheCK ........cccooviiiii i 157

5.3.24 Call BINPICK_SEARCH in a TP Program......cccccceceeruereseseseseseeseeseenesnens 158

5.3.3 Pop a Part Data from a Parts LiSt ........cccceoveiiiiiinicic e 159

5.3.3.1 Call BINPICK POP ina TP Program ........ccccoevevrieerierieriesiesiesesesseseeseenseseens 159

534 Calculate a PICK POSITION .....c.ciiiiiiie et 160

5.3.4.1  Setup the parameters for calculating a PICK position..........cc.ccocvevveveviinnnne 160

5.3.4.2  Setthe parameters for calculating a robot position to approach a part............ 162

5.3.4.3  Setup the Reference PICK POSItION .....c.ovveviiiiiiiecieiesec e 163

5.3.4.4 Call BINPICK_GETPICKPQOS ina TP Program.........ccccccecereriesveeeieeseenesnens 164

5.3.5 Set a Status for Popped Part Data...........c.ccceveeiiieiiiiie e 165

5.3.5.1  Set up the process when setting a status for a part data...........cc.cceveveverennnne 166

5.3.5.2 Call BINPICK_SETSTAT ina TP Program..........ccccverueresereseseseereeseenesnens 169

5.3.6 Calculate @ FINE POSITION ........ooiiiiiiiisiieie et 169

5.3.6.1  Set up the parameters for calculating a FINE posSition ...........c.cccovevveviercnnnnns 169

5.3.6.2  Setup the reference FINE POSItION........cccccvviiiieiiiieeieiesc s 171

5.3.6.3 Call BINPICK_GETFINEPOS in a TP program......c.cccccceeeresvsveeerueseesesnens 172

5.3.7 Execute a FINE Vision Process for a Popped Part Data ..........cccccoeeveiveivenincnnnne 172

5.3.7.1  Set up the parameters for executing a FINE viSion process ..........cccocecvverenne. 173

5.3.7.2 Call BINPICK_FINE in @ TP Program.........ccccooeeirerieireneeineneeesieseseseeneens 173

54 PART DATA MONITOR ... 174
55 SET REFERENCE WIZARD..... .o 178
55.1 Basic Flow of Set Reference Wizard Operations............cccceeevevveveeniensiersieesineenns 179

55.2 Details of Each Teaching Operation.........cccccevvevieevienvie i ee e 179

5521  VisSiON EXECULION SCIEEN ......cviviiiiiiriiiciirieeesie e 181

5.5.2.2 Reference Data SEtUP SCIEEN .....vcviveieierese e st se e e ee et nee s 182

c-4 B-83914EN-6/02



TABLE OF CONTENTS

5.6

5.5.2.3  Reference position SELUP SCIEEMN........cccveiiiirireateeieeieee et 183
KAREL PROGRAM .ottt e e e e 184
5.6.1 KAREL Programs of Parts LiSt Manager.........cccceevveviieiieiiesiieeie e esie e e 184
5.6.2 KAREL Programs for Customizing the Parts LiSt ............cccccevvevivninnir e 186

Advanced Setup

1 BINPICKING CONFIG.. ... e 197
1.1 INTERFERENCE AVOIDANCE CONFIGURATION.....cocviiieiieeee e, 198
1.2 PARTS LIST MANAGER CONFIGURATION .....oiiiiiiiiiieecieeceeeev e 199
2 CUSTOMIZATION ... e 201
2.1 HOW TO CUSTOMIZE WHEN THE CONTAINER POSITION MOVES.... 201
2.1.1 Moving the Container Object in the Interference Setup Data According to the
Amount of ContaiNer TIaVEI .........cccooviieiiiiiiii e 203
2.1.2 Shifting the Search Window According to the Amount of Container Travel ......203
2.2 HOW TO CUSTOMIZE TO REDUCE PROCESSING TIME
FOR SEARCH ... e e e s 204
221 Using an Image REGISTET ........cviiiiiireieieisesese e 204
2.3 HOW TO CUSTOMIZE TO EXECUTE THE SEARCH PROCESS IN THE
BACKGROUND PROCESS. ... .o 207
231 Bin Picking System With 3D Area SENSOT..........cocoiiieieiiiininese e 207
2.3.1. 1 PrOCESS FIOW....coiiiiiiiiieit et 208
2.3.1.2  Register Setting table........coooiiiiiiiice s 209
2.3.1.3  Batch input of regiSter COMMENTS .........coueiiiiriiireeeeieee e 210
2.3.1.4  COPYING TP PrOGIAMS. ...ccviiuiiterieetesieeiete sttt e e e s sbesbe e ssesseeeesee e 211
2.3.1.5  Editing the Main Program ........c.coeieeieienene st 211
2.3.1.6  Checking SUDPIOGIAMS ......cc.oiuirieitiiieeieiesie ettt st nee s 215
2.3.1.7  ChecKing OPEratioN .........ccoviiirieiiisieeieie sttt 217
2.3.2 Fixed Frame Offset System With 3D Area SENnSOr...........ccoervevrienenenenereeees 217
2.3.2.1  PrOCESS FIOW ..ottt 217
2.3.2.2  Register Setting table........covoiiiiiiiieee s 219
2.3.2.3  Creating and teaching TP program ..........cccoereiirienicienene e 219
2.3.24  ChecKing OPEratioN ........c.ccoiiiiiiiiiseeieie ettt 222
2.4 HOW TO CUSTOMIZE BIN PICKING SYSTEM WITH MULTIPLE
CONTAINERS ... e e e e e e e e e raaeees 223
24.1 Preparing @ CONTAINET ........oiiiiiir e 223
2.4.1.1  Changing the number of Parts list.........ccccoevirirnininsiecee s 223
2.4.1.2  Setting up 3D area SENSOT Jata.........ccovevruerieirerieiseieise e 224
2.4.1.3  Setup of interference avoidance data..........c.cooerireiiiiiiiiie e 224
2.4.1.4  Search ViSion ProCess SEIUD .....coeiererieieriere ettt st 225
2.4.1.5  Setup of parts liSt MANAGET ......cocoiiiiiieieee e 225
24.2 PrOCESS FIOW......oiiiicce s 225
24.3 Register Setting Table ... 226
244 Creating and Teaching TP Program .........ccccooieieienieeieneseese e 228
Appendix
A TROUBLESHOOTING ...t 237
Al EXECUTING KAREL PROGRAMS FOR INTERFERENCE AVOIDANCE
CAUSES AN ALARM . ..o e e e e eaa e e 237
A.2 IDENTIFYING AN INTERFERING OBJECT ..o 238
B-83914EN-6/02 c-5



TABLE OF CONTENTS

A.3

A4

A5
A.6

THE ROBOT DOES NOT PROCEED TO PICK UP A PART EVEN

THOUGH THE PART IS DETECTED ..o 239
THE ROBOT PROCEEDS TO PICK UP A PART WHERE NO PART IS

PRESENT ..o 239
THE GRID FRAME SET DOES NOT OPERATE AS EXPECTED ............ 241

THERE IS AN AREA IN WHICH 3D POINTS CANNOT BE ACQUIRED ..242

c-6

B-83914EN-6/02



Introduction

1 PREFACE
2 OVERVIEW
3 CONFIGURATION AND FEATURES






Introduction 1. PREFACE

1 PREFACE

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

1.1 OVERVIEW OF THE MANUAL

This is a manual for the R-30:B Plus/R-30:B Mate Plus/R-30:B Compact Plus CONTROLLER iRVision.
This manual describes how to operate sensor functions and create programs after completing the
installation and setup of your robot. For details on how to operate the robot in normal operation, refer to
"OPERATOR'S MANUAL (Basic Operation) B-83284EN".

This manual is directed at users who have taken the "iRVision 3D Laser Vision Sensor course”, "iRVision
2D Vision Sensor course™ and "iRVision 3D Area Sensor" at FANUC Academy. For details on each setup

item, refer to the "iRVision OPERATOR'S MANUAL (Reference) B-83914EN".

/A CAUTION
This manual is based on R-30iB Plus/R-30iB Mate Plus/R-30iB Compact Plus
system software version 7DF3/06. Note that depending on the software version
of your robot controller, some functions or setup items described in this manual
may not exist, some functions or setup items not described in this manual may
exist, and some notations may be different.
Part Volume Chapter title Description
Introduction Chapter 1 | PREFACE Describes the outline and usage of this manual
and related manuals.
Describes an overview of the Bin Picking
Chapter 2 | BIN PICKING system, and the basic functions, Parts List
Manager and Interference Avoidance.
Chapter 3 CONFIGURATION AND Describes three examples of the Bin Picking
FEATURES system configuration and their features.
Basic Setup Describes the setup procedure for a Bin Picking
Procedures Chapter 1 BIN PICKING SYSTEM WITH 3D system with 3D Area Sensor, which is the basic
AREA SENSOR configuration of the Bin Picking system, from
installation through operation check.
Describes the setup procedure for a Fixed
Chapter 2 FIXED FRAME OFFSET SYSTEM Frame Offset systeF:anith 3D Area Sensor, from
WITH 3D AREA SENSOR . . .
installation through operation check.
References Describes the methods for frame setting with a
Chapter 1 | FRAME SETUP REFERENCE pointer tool and frame setting with the Automatic
Grid Frame Setting function.
Chapter 2 CAMERA CALIBRATION Describes a procedure for camera calibration
REFERENCE based on Robot-Generated Grid Calibration.
Describes an overview of the 3D Area Sensor,
Chapter 3 | 3D AREA SENSOR REFERENCE detection methods, setup procedure, macro
programs, etc.
Describes basic operation of the Interference
Chapter 4 INTERFERENCE AVOIDANCE Avoidance, setup F(?Jetails of system, robot and
REFERENCE L
condition data.
Describes basic operation of the Parts List
Chapter 5 PARTS LIST MANAGER Manager, setup d(Fe)taiIs work data operations
REFERENCE otc. ' ' '
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Introduction

Part Volume

Chapter title

Description

Advanced
Setup

Chapter 1 | BIN PICKING CONFIG

Describes the setup items for Interference
Avoidance Config and Parts List Manager
Config, which configure the Bin Picking system
setup function.

Chapter 2 | CUSTOMIZATION

Describes how to customize your system to
respond to frequently encountered situations
when using a Bin Picking system, such as the
container position not being determined or what
to do when you would like to shorten the time
necessary for SEARCH.

Appendix

A TROUBLESHOOTING

Describes necessary troubleshooting methods
for six common issues.

Symbol Used in This Manual

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

Symbol

Description

#MEMO

information for refere

Describes information that provides help for operating screens, explains a function, or gives

nce.

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 t

his manual.
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1.2 RELATED MANUALS

This section describes other manuals that you can refer to when using iRVision.

Manual Spec. No. Description
OPERATOR'S MANUAL B-83284EN This is the main manual of the controller.
(Basic Operation) e Setting the system for manipulating workpieces

e  Operating the robot

e Creating and changing a program

e Executing a program

e Status indications

e Backup and restore robot programs.
This manual is used for application design, robot installation,
and robot teaching.

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

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

MAINTENANCE MANUAL B-83555EN This manual describes the maintenance and connection of the
R-30iB Mate/R-30iB Mate Plus Controller (Open Air Type).

OPERATOR'S MANUAL B-83284EN-1 This is the alarm code list of the controllers.

(Alarm Code List) This manual describes the causes of alarm occurrence and the
measures to be taken.

Sensor Mechanical Unit / B-83984EN This manual describes the method for connecting the controller

Control Unit and sensors such as a camera or 3D Laser Vision Sensor used

OPERATOR'S MANUAL for iRVision and the sensor maintenance method.

iRVision OPERATOR'S B-83914EN This manual is the reference manual for iRVision on the R-30:B

MANUAL Plus/R-30iB Mate Plus/R-30iB Compact Plus controller.

(Reference) e This manual describes each function provided by

iRVision.

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

iRVision 2D Camera B-83914EN2 This manual should first be referred to when you start up the
Application iRVision 2D offset and 2.5D offset systems.
OPERATOR'S MANUAL e This manual describes procedures for starting up

iRVision 2D offset and 2.5D offset system, creating
programs, caution, technical know-how, responses to
several cases, and so on.
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2. BIN PICKING Introduction

2 BIN PICKING

A Bin Picking system is an application that recognizes the position and orientation of each of the parts
randomly placed inside a container by using iRVision, and the robot to pick up those parts one by one.

This manual describes the procedures and process for building a Bin Picking system. A Bin Picking
system can be built by configuring the settings according to the procedures described in "Basic Setup
Procedures".

2.1 SUPPORTED FUNCTIONS

The table below shows the functions supported by Bin Picking. An overview of the functions 'Parts List
Manager' and 'Interference Avoidance' listed in the table will be described later.

Some functions in the list can be used only if certain options are installed in the robot controller. Check in
advance whether the functions necessary for the Bin Picking system you want to build are installed.

SUPPORTED FUNCTIONS iRVision Bin Picking iRVision 3D Area Sensor
Interference Avoidance v
PARTS LIST MANAGER v
3D Area Sensor-related Functions v
(3D Area Sensor Vision Process, etc.)
ROBOT-GENERATED GRID v
CALIBRATION
2-D View Vision Process Functions v
(2-D Single-View Vision Process, etc.)
Search Area Restriction Tool v

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

2.2 KEY CONCEPT

This section describes terms used in this manual.

3D Area Sensor
Indicates a 3D sensor that consists of two camera units and one projector unit. The 3D Area Sensor
obtains 3D information in the field of view by using the two camera units to capture multiple stripe
pattern images as projected by the projector unit.

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

FINE
Indicates the operation of moving a robot to a predetermined position and performing 3D measurement
with the 3D Laser Vision Sensor attached to the wrist of the robot based on the position of a part obtained
by SEARCH. This makes it possible to obtain accurate 3D position and orientation data for each part,
which cannot be measured by SEARCH with a fixed camera or hand camera.

B-83914EN-6/02 6
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Part Data

Indicates one data set that contains the found results of SEARCH and FINE for a specific part in a
container. Part data is assigned a unique ID number (part data ID), which is used for identification.

Parts List

Parts List is a list of Part Data sets. A Bin Picking system needs to be designed so that the part data of
parts in one container is managed via a single parts list.

Push

Indicates operation to add part data created based on the found results of SEARCH to a parts list.

Pop

Indicates operation to select part data to be picked up preferentially, from a parts list.

Black List

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

3D Map

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

2.3

PARTS LIST MANAGER

This section describes the Parts List Manager, which is a basic function of Bin Picking. The Parts List
Manager is a collection of functions required for Bin Picking. By using this functionality, you can create
part data based on the results found by a vision process executed as SEARCH and push that part data to a

parts list.

Bin Picking using the Parts List Manager is performed mainly in the four steps shown in the following

figure.

Data Management

Vision Process A

Qar

1. PUSH part data
to part list

e
Vision Process B

+ O

QO

Vision Process C

O
+OO

Reference PICK posiion {Vision Process A)| —

Parts List

PartID:1

Pop: TRUE
Add to Part List1

3.Get PICK
position

PICK Paosition

i

PICK Success

Reference PICK posiion {Vision Process B)
Reference PICK posilion (Vision Process C)

Pricrity:-100.0
Vision Result: ( +

4._ Set status to
part data

Status: Awaiting +PICK Success

Part Data?
Part 1ID:2
Sialus: Awailing
Pop: FALSE
Add o Part List: 2

Puiority: 90.0
Vision Result: ( +

Part Data3
PatID: 3
Sialus: Awailing
Pop: FALSE
Add o Part List: 2

Puiority: 75.0
Vision Result* +

Example of Bin Picking steps using PARTS LIST MANAGER
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Step 1 Push
Part data is created on the basis of the result of detection by the SEARCH vision process and the created
part data is added to the parts list.

Step 2 Pop
A candidate for part data to be picked up is selected from among the part data stored in the Parts List. At
this time, a part data set whose retained priority is the highest is selected. The priority of part data is set
when the part data is pushed. The user-specified measurement value of ten measurement values held in
the result of detection by the vision process is set as the priority.

Step 3 Getting the pick position (getting the robot movement position)

By using the found results of a vision process that are held by the popped part data (vision offset data)
and the reference robot position that is held by the Parts List Manager (such as the reference PICK
position and reference FINE position), the next position to which the robot should move is calculated and
stored into the position register. In the above example, the part data containing the found results of vision
process A are popped, so the PICK position is calculated based on the vision offset data held by this part
data and the reference PICK position of vision process A held by the Parts List Manager and stored into
the position register.

Step 4 Setting the status
When some operation is performed on the part corresponding to the popped part data, the status
indicating the state of the part is set to the part data, such as the success or failure of PICK and the success
or failure of FINE. By setting the status as above, the state of each part in the container can become the
same as the state of the corresponding part data in the Parts List to perform Bin Picking system
efficiently.

Parts List Manager has the following functions in order to facilitate Bin Picking in the above four steps.

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

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

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

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

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

To set up the Parts List Manager, log in to the Parts List Manager.
On the ROBOT Homepage, click [iRVision], then [Parts List Manager], and the Parts List Manager

Screen appears.

ROBOT

iRVision

Information for

HMI iPendant [

- - Explanations of IRVision basic
iRVision concets, selup procedures, and
Perfarm all the work necessany for tea Humdamental ter -

aa initislizing e camera settings and creating a visien Please rexd this before using
procacs ivision for the firs time.

PC iPendant You can also run tests of the vision process you ereated ta

Current Robot Status

Parts List Manages

Materials for learning the basics

Salact tha vision Ll for tha bin picking functicn il the pettings for avaiding intarfersnca Batwaan e Py e

A L o : 1 vision procass to uss for the urs 08 0 By following the kutorlals, you

Variables/Diagnostics and st the reference pesition, & robot and other chjucts around the system during bin coa leam Iow 5 #4¢ up & bypicsl
iking. ‘apication.

Active Program/

Robot Tools
Production Status

RSS Alarm Feed

iRVision

Contact Information
Display vision results and images during production.
Note

Infarmation and Settings

2.4 INTERFERENCE AVOIDANCE

This section describes the interference avoidance function, which is a basic function of the bin picking.
The interference avoidance function includes the following three functions.

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

Interference Avoidance
In addition to the Interference Check, this function automatically generates the target position and posture
in a specified range if interference occurs at the checked robot position.

Wall Avoidance
This function calculates the offset for retracting the end of the arm tooling of the robot from the wall
toward the center of the container. This function is used when the robot retracts from the wall of the
container after the FINE or the PICK operation.

To use the above three functions, the positions and sizes of objects for which you want to check
interference should be set in advance. The positions and sizes of these objects are set by combining
multiple fixed-shape objects (container, sphere, cylinder, and hexahedron) as shown in the figure below.
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Interference Avoidance

Peripheral objects such as the container and the columns of the camera stand are set as 'system data'.
Among the set objects, objects other than the container are called as 'fixed objects'. Robot-mounted
objects such as the gripper and the 3D Laser Vision Sensor are set as 'robot data’. The set objects are

called 'tool objects'.

To perform an interference check, interference avoidance, or wall avoidance using data of these objects,

conditions for such an operation are set as ‘avoidance condition data'.

/A CAUTION
Interference Avoidance does not support a robot with additional axes or robot

whose motion group is not group 1.

B-83914EN-6/02
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2.4.1 Login to Interference Avoidance Setup

On the ROBOT Homepage, click [iRVision], then [Interference Avoidance Setup], and the interference

To set Interference Avoidance data, log in to the Interference Avoidance Setup screen. -
2
avoidance data list screen appears.

ROBOT
Homepage

Hostname: R T
Robot K

iRVision

Infarmation for

HMI iPendant

Beginners

I Explanations of iRVision basic
iRVision comEACEs, BRtup procadures, and
Perform all the work necessary for teaching iRVision, such
a5 Initializing the camara settings and creating a visien

ProCess.
: a e can also rur tests of the vision process you crested ta
PC iPendant e :

mental terminology.
Please resd this before using
iRvision fer the first tme.

Current Robot Status ot . . Sep= Tutorials 'J:
Parts List Manager Interference Avoldance Setup GJ
Active P / Matarials for lsarning the basic
V. I—“Tﬂ :.O,%ram Tt Select the vision process to uss for the bin picking functial] Configure the settings for avaiding interfirence between e e
anables/Liagnestics and set th refarance position. e b and otfar blecs around the ystam uring in e T TR il
g application.

Robot Tools
Production Status

RSS Alarm Feed

Contact Information

Note

Display eonnacticn Display vision results and  Display the images stared in - Configura the ganaral
about the images in the he image register. iRVision system settings.
iRvision devices connected  vision log, The image register is an In mest cases, you dont
to the robot controller. area for temporarily storing  have to change these.
captured images. settings, and you can use
with the default
configuration.
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3 CONFIGURATION AND FEATURES

iRVision supports the following bin picking systems with 3D Area Sensor.

This document explains how to set up a bin picking system with 3D Area Sensor. It also explains how to
set up a fixed frame 3D offset system with 3D Area Sensor. Each system requires the software option(s)
below.

System configuration Required software option
Bin picking system with 3D Area Sensor iRVision Bin Picking
iRVision 3D Area Sensor
Fixed frame offset system with 3D Area Sensor iRVision 3D Area Sensor

This chapter explains the configurations and features of the two systems for which the set up procedures
are explained in the "Basic Setup Procedures"” volumes.

3.1 BIN PICKING SYSTEM WITH 3D AREA SENSOR

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

3D Area Sensor
Camera stand

Conveyor

Example of bin picking system configuration
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Process Flow
SEARCH is performed with the 3D Area Sensor mounted on the camera stand, and information about the
3D position and orientation of a part is detected, and the part is picked.

PLACE

Process Flow

Features

3D Area Sensor provides a function for measuring the 3D position and orientation of a part by using
a 3D point near the part that is detected with a locator tool such as GPM Locator Tool, as well as a
function for detecting the highest 3D points in a region (local peaks) and sets of 3D points (3D blob)
that are continuously distributed on a 3D map. For details, refer to "References: 3 3D AREA
SENSOR REFERENCE".

In some cases a part can be picked in such a way that the direction of the gripper is consistent with
the orientation of the part by using the 3D Plane Measurement Tool with a GPM locator (this
depends on the shape and characteristics of the part, so it is recommended to study the applicability).
By using the function for regional highest 3D points (local peaks) and a set of 3D points (3D blob)
which are continuously-distributed on a 3D map, it is possible to achieve bin picking that does not
require re-teaching in the case that shape of part will be changed (this depends on the shape and
characteristics of the part, so it is recommended to study the applicability).

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

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

Part data is managed with Parts List Manager so that a part-picking process is not performed more
than once on a part that can be detected with SEARCH but is placed where it cannot be picked up.

For how to set up a bin picking system with 3D Area Sensor, refer to "Basic Setup Procedures: 1 BIN
PICKING SYSTEM WITH 3D AREA SENSOR".

B-83914EN-6/02 13
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3.2 FIXED FRAME OFFSET SYSTEM WITH 3D AREA
SENSOR

Configuration
This fixed frame offset system has the configuration shown in the following figure.

3D Area Sensor

Camera stand

Parts
/

Conveyor

Configuration of 3D fixed frame offset system

Features

e  The Interference Avoidance function is not used for the following reasons: parts are nearly lined up,
the robot will not tilt the gripper greatly during its part picking process, and the robot's work area is
free from any objects that would interfere with the gripper, such as a container and a camera stand.
Also, because it is a simple fixed frame offset system, the Parts List Manager is not used, either.

o 3D Area Sensor provides a function for measuring the 3D position and orientation of a part by using
a 3D point near the part that is detected with a locator tool such as GPM Locator Tool, as well as a
function for detecting the highest 3D points in a region (local peaks) and sets of 3D points (3D blob)
that are continuously distributed on a 3D map. For details, refer to "References: 3 3D AREA
SENSOR REFERENCE".

e By using the function for measuring the 3D position and orientation of a part by using a 3D point
near the part that is detected with a locator tool such as GPM Locator Tool, picking operation can be
performed according to the orientation of the target part (this depends on the shape and
characteristics of the part, so it is recommended to study the applicability).

e By using the function for a regional highest 3D points (local peaks) and a set of 3D points (3D blob)
which are continuously-distributed on a 3D map, it is possible to achieve bin picking that does not
require re-teaching in the case that shape of part will be changed (this depends on the shape and
characteristics of the part, so it is recommended to study the applicability).

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

For how to set up a fixed frame offset system with 3D Area Sensor, refer to "Basic Setup Procedures: 2
FIXED FRAME OFFSET SYSTEM WITH 3D AREA SENSOR™.
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1
BIN PICKING SYSTEM WITH 3D AREA
SENSOR

This chapter describes the specific setup procedure of the bin picking system which is set up as shown in
the figure below.

[NSEARCH

. —a 3D Area Sensor Vision Process
Interference Avoidance: ROBOT Data

— a cylinder shaped Tool Object
R

TCP of the gripper s ~Reference UFRAME — UFRAME[1]

—UTOOL[1]
Interference Avoidance: SYSTEM Data
— a Container Object

Example of Bin Picking system configuration
/A CAUTION

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

1.1 INSTALLATION AND CONNECTION OF 3D AREA
SENSOR

Installation of the 3D Area Sensor
Install the 3D Area Sensor on the camera mount.

Connecting the 3D Area Sensor
Connect the 3D Area Sensor to a robot controller. For details, refer to the description of sensor
connection cable configuration in "Sensor Mechanical Unit/Control Unit OPERATOR'S MANUAL
B-83984EN".
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1.2 USER FRAME SETUP

Set the user frame which becomes the reference frame for an offset calculation or interference avoidance
calculation. Set it on the upper opening of the container as shown in the figure below. For how to set up
the user frame, refer to "References: 1 FRAME SETUP REFERENCE".

Z

NS

X

S
~

Example of user frame setup

Here, set the user frame to UFRAME [1] as described in the figure 'Example of Bin Picking system
configuration'.

1.3 SETTING UP 3D AREA SENSOR DATA

Edit 3D Area Sensor data and configure the necessary settings according to the following procedure.
On the ROBOT Homepage, click [iRVision], then [Vision Setup]. The menu screen for vision data
appears.

1.3.1 Selecting 3D Area Sensor Data

The 3D Area Sensor has pre-installed sample sensor data. You should edit it according to the actual
application. Edit the 3D Area Sensor data edit screen according to the following procedure:

1  Click [V_3DA_CA] from the [Camera Data] category on the vision data list screen.
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iRVision Vision Setup
Comment Created 1
Camera Data (1)

W V_3DA_CAM Sample 30 Area Sensor Data 3D Area Sensor 17-DEC-2019 12:02:02 17-DEC-2019 12:02:02 13

Vision Process 1001s (1)

E V_3DA_SAMPLE Sample Vision Process for 3D Area Sensor 3D Area Sensor Vision Process 17-DEC-2019 12:02:30 17-DEC-2019 12:03:46 664

B, 4 v [}

CREATE FILTER COPY DETAIL DELETE

2 Click [EDIT].
The edit screen for 3D Area Sensor data is displayed.

1.3.2 3D Area Sensor Configuration

Configure the basic settings for the 3D Area Sensor.
Click [1 Sensor Config] in the navigation area of the 3D Area Sensor data edit screen. The screen below

appears. Set the following parameters.

iRVision Vision Setun - V 3DA_CAM

1 = 1B !
M, A
Sensor Calibration
Config Setup
A 2 - - - In " n T
Select [1] for [Projector ID]. — Cameral 1-1: sc130er2 [
Camera2 1-2: sci130er2 B

Calib. Exposure O 10.000, ms £ [
ITest Projector Pattern © Fralne

Select the camera connected to [Camera 1]
and [Camera 2] each.

Set a value for "Calib.
Exposure™ so that the
calibration target will be
clearly captured.

The greater the value (longer
exposure time), the brighter
the image.

M G

END EDIT
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#MEMO

If either of the following problems occurs, switch to the advanced mode and

select [Robot-Generated Grid Cal.] for [Calibration]. (Normally,

[Robot-Generated Grid Cal.] is selected)

(1) When you want to change the initial position for [Cameral] and [Camera2]
Example: The robot or gripper interferes with peripheral equipment when an
initial position common to [Cameral] and [CameraZ2] is used.

(2) When you want to set different targets to be used for calibration for
[Cameral] and [Camera?2]

Example: A target common to [Cameral] and [Camera?2] is difficult to detect.

Adjusting the Layout of 3D Area Sensor

Adjust the layout of the 3D Area Sensor. For details, refer to "References: 3.4.1 Adjusting the Layout of
3D Area Sensor".

Adjusting the Focus of the Projector Unit
Adjust the focus of the projector unit of the 3D Area Sensor. For details, refer to "References: 3.4.2
Adjusting the Focus of the Projector Unit".

Adjusting the Focus of the Camera Unit
Adjust the focus of the camera units of the 3D Area Sensor. For details, refer to "References: 3.4.3
Adjusting the Focus of the Camera Unit".

1.3.3 Calibration Setup

Set up calibration for two 3D area sensor cameras.

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.

Setting the Start Position
In the navigation area of the edit screen for the 3D area sensor data, click [2 Calibration Setup]. A screen

similar to the one below appears. Click the [Record] button in [Start position] to record the measurement
start position.
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iRVision Vision Setup - V_3DA

Sensor Calibration | Train Model
Config Setup

Jog the robot with a target
attached to it so that the
target is captured in the
center of the camera’s field
of view, and click the
[Record] button for [Start
position] to set the current
position of the robot as the
start position.

B

END EDIT

#MEMO
By displaying the screen for the advanced mode and changing the settings for
[Calibration Area 1] and [Calibration Area 2], you can narrow the range of the
robot operation during calibration. The setting for each of these items are also
reflected in [Search Window] for cameras 1 and 2 on the [Train Model] screen.

1.3.4 Train Model

Teach the model pattern for target detection.

Click [3 Train Model] in the navigation area of the 3D Area Sensor data edit screen. The screen below
appears. The procedure is the same as the procedure for teaching a model pattern with GPM Locator Tool.
For details, refer to the description of GPM Locator Tool in "iRVision OPERATOR'S MANUAL
(Reference) B-83914EN".

iRVision Vision Setup -V_3DA_CAM

Sens N rain Mode “alibration
i Setup
N— o - i
Click the [Teach] button to train the shape of the target 3 camerat [
as a model. r |—m
\)
Training Stability Loc. G Ang. G 5Sca. G
Training Mask @ Enabila | Eait |
Emphasis Area Enable m
Score Threshold £ 70.0/ %
{Contrast Threshold 50
L1 ]
DOF Enable  Nom. Min. Max.
Orientation |+ 35.0 350 ©
Scale 0 o 85.0 130.0) %
Image Display Mode Pattern n
Show Almost Found £
Found 0 L Row(v) | Column(H) | Score | Contrast | _FitError | Angle [ Scale [ Aspect ] Skew |
(Almost Found 0
Time to Find 0 ms

g o E
L h o iy

SNAP+FIND CONT S+4F SAVE END EDIT

Set the value for [Run-Time Mask] for an individual camera. To limit the range to place calibration points,
select the relevant camera in the drop-down box for [Camera] and then set the window.
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#MEMO
When you display the screen for the advanced mode, you can change the
[Run-Time Mask] setting.

1.3.5 Calibration

Calibrate the cameras.

1 Inthe navigation area, click [4 Calibration].
The following screen appears.

iRVision Vision Setup - V_3DA_CAM S
1 +N:2 vill: — v

Sensor Calibration Train Model Calibration

Config Setup

Not Exacute, 2

B

END EDIT

2 Click the [Execute] button in [Calibration].
3 When the following confirmation screen appears, click [EXECUTE] while holding down the
[SHIFT] key on the teach pendant.

iRVision Vision Setup - V_3DA_CAM

Pross SHIFT + F4 to execute, or F5 to Cancel.

Befare exccuting, vision data will be saved with cur

v

‘ ‘ EXECUTE CANCEL

22 B-83914EN-6/02



Basic Setup Procedures 1. BIN PICKING SYSTEM WITH 3D AREA SENSOR

/A CAUTION

1 Calibration can only be executed on the teach pendant. This action cannot be
performed on the PC.

2 Calibration is terminated when you release the [SHIFT] key while calibration is
being executed. In such cases, redo the calibration.

3 The robot usually performs operations within an expected range according to the
parameter setting. However, the robot can move beyond the expected range
depending on the parameter settings. When executing the calibration, 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.

4 If another program is paused, the robot may not be able to move. In such cases,
press the [FCTN] key and end the programs.

5 When redoing a calibration that was suspended in the middle of execution, you
can start from the part where it ended the last time.

1.3.6 Checking Calibration Point

Check the found calibration points after executing Robot-Generated Grid Calibration.
In the navigation area of the edit screen for the 3D area sensor data, click [5 Calibration Points]. A screen
similar to the one below appears.

iRVision Vision Setup - V_3DA_CAM

Sensor Calibration Train Model Ci Sensor

Config Setup — Result Setup
EPAEAFAL] zoom Eed - | O | Calibration Point:

icamera camerat £
. . . . .. {Check points with large errors, and delete them if they
To check calibration points for an individual camera, lare not grid points.
. | & | vt | Hz [ x | v [ 2z [N

select the relevant camera in the [Camera] dropdown box. 1001 5115 6395 1950.0 2843 5938 0.000

1002 3901 6395 19721 -284.3 5938 0.000

T TEEEEEE—— 1003 2688 G5 19947 7843 598 0000

1004 5115 5198 19500 262.2 5938 0.000

If there is an incorrectly detected point, either select the [| 1005 1033 12621 18617 3947 5938 0002

. . . . . . 1006 10099 1134.2 1861.7 3726 5938 0.000

incorrect point in the points list or enter the point number 1007 10066 10081 18617 3505 5938 0.000

. . - 1008 10033 BB36 18617 -3285 5938 0.000

into the [Point Number] text box, and click the [Delete] 1000 10001 7607 18517 3064 5938 0.000
1010 996.9 6395 18617 2843 5938 0,000

button. 1011 9938 3198 18617 262.2 5938 iJ.l[[IV
1012 990.7 401.7 18617 -240.1 5938 0,000
Point Number g

=

END EDIT
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1.3.7

Checking Calibration Result

1.3.8

Check the calculated calibration data.
In the navigation area of the edit screen for the 3D area sensor data, click [6 Calibration Result]. A screen
similar to the one below appears.

iRVision Vision Setup - V_3DA_CAM

Calil {! C

Sensor Calibration Train Model

Config Setup

(& i Sensor
Setup

Check that the value for

[Focal

~amara i} Cameral £

Make sure that the focal distance Is roughly acculate, and
that the mean error value and the maximum error value
are not too large.

Distance] is correct.

[an\

Check that the values for [Pos. of

oeal L] 12.00 mm
Lens Distortion ¥ 000000

Max Lens Distortion 0.0 pix
Scale 0.182 mm/pix
Mean arror value [} 0.000 plx
Maximum error value ¥ 0.002 pix

Calib. pt. height range I3
Target position
x 3000 Y

374.6 - 593.8 mim

2843 Z 863.8

Fixed Camera Relative to App.
UFrame] are correct.

STy

Pos, of Camera Relative to App, UFrame
¥ 19500 Y 3345 2 10027
w 70 P 00 R 0.0

‘Create TP program for Re-Calibration

B

3D Area Sensor Setup

END EDIT

Teaching of condition of acquiring 3D Map

Set up the 3D Area Sensor according to the following procedures.

Click [7 Sensor Setup] in the navigation area of the 3D Area Sensor data edit screen. Set the following
parameters.

iRVision Vision Setup - V_3DA_CAM

Sensor Calibration Train Model Calibration Calibration Calibration Sensor
Config Setup Points Result 5
® | 0% A 3 & |
intensity £ 1 5
Exposure Time £ 8.000, M

Click [ACQ 3DMAP] to check that a 3D map can be
acquired.

3D Map Density Normal B
Image Display Mode #? Gray Scale 58
3D Map Info.

Date

Time

Num. Points
Map Size
XY Interval
Z Average
Z Variation

X mm
iy mim

2z mm

E

END EDIT
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Click [ACQ 3DMAP] to see if a 3D map can be acquired. If there is an area where 3D points cannot be
acquired, adjust the values for [Intensity] and [Exposure Time] by referring to "References: 3.4.4
Adjusting the Conditions for Acquiring a 3D Map".

1.4 TOOL FRAME SETUP

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

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

Here, set the above tool frame to UTOOL [1] as described in the figure 'Example of Bin Picking system
configuration' at the beginning of this chapter. For how to set up the tool frame, refer to "References: 1
FRAME SETUP REFERENCE".

1.5 SETUP OF INTERFERENCE AVOIDANCE DATA

Interference Avoidance data consists of Interference Setup (System) data, Interference Setup (Robot) data,
and Interference Setup (Condition) data. Set up a necessary type of Interference Avoidance data.

1.5.1 Setting Interference Setup (System) Data

Set Interference Setup (System) data for interference avoidance.

Selecting Interference Setup (System) Data
On the ROBOT Homepage, click [iRVision], then [Interference Avoidance Setup]. The menu screen for
interference avoidance appears. On the vision data list screen, select [V_SYS] and click [EDIT].

Setting a Container Object
Select the Interference Setup (System) data and set the user frame and container object that form the basis
for interference avoidance position calculation according to the following procedure.

B-83914EN-6/02 25
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iRVision Interference Avoidance Setup - V_SYS

| Select UF[1] for [User
Frame Number].

Container 10

iIContainer Pos. Origin

iIContainer Pos. X
Select the container number (Container Pos, Y

Iser Frame Number

iContainer Margin(XY)

(Container Margin{Z)

for [Container ID]. Frbrti ooy

Container Offset VR )

[Container Pos. Y], and [Container Depth].
mounted on the robot, and set it by clicking the relevant [Set] button.

following figure.

(liontainer Pos. Y /Container Depth

VA

L/

Container Pos. Origin ! _container Pos. X

/
/

/

Set the container's position and size for [Container Pos. Origin], [Container Pos. X],
Touch up each of the positions shown in the following figure with the pointer tool

Set the value for [Container Depth] by measuring the depth of the container in the

Checking via 4D Graphics

After setting the container object, check that the setting has been made correctly on the 4D Graphics page

on the teach pendant.

On the teach pendant, select the [MENU] key, [Next], [4D GRAPHICS], then [4D Display], and select
F1[TYPE], then [4D Bin Picking IA]. In addition to the robot, the set container object is displayed in 3D

graphics.

Fault SRVO-003 Deadman switch released
i SET_POs LINE 0 [iEll ABORTED [ENE

4D GRAPHICS Bin-Picking IA
01

[TYPE ] SELECT ZOOM PAN ROTATE

Check that the position and size of the container are correct.

26
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1.5.2 Setting Interference Setup (Robot) Data

Set Interference Setup (Robot) data for interference avoidance.
On the ROBOT Homepage, click [iRVision], then [Interference Avoidance Setup]. The menu screen for
interference avoidance appears.

Selecting the Interference Setup (Robot) Data
On the vision data list screen, select [V_ROB] and click [EDIT].
When the edit screen for robot data appears, select [HAND] from the tree view. It is a tool object of the
robot gripper which has been set to the robot data in advance.

iRVision Interference Avoidance Setup - V_ROB

viF

=

g

END EDIT

Setting the Tool Object
Use the following procedure to set the tool object:

iRVision Interference Avoidance Setup - V_ROB

FAK1
vEqv roa® Shape Cylinder
Radius 20.0, mm
Base Centerl 0.0 0.0 0.0

Base Center2 0.0 0.0 200.0

Set the size and positions in the following figure for [Radius],
[Base Centerl], and [Base Center2].

Base Centerl

Base Center2
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Checking via 4D Graphics
After setting the tool object, check that the setting has been made correctly on the 4D Graphics page on
the teach pendant.
On the teach pendant, select the [MENU] key, [Next], [4D GRAPHICS], then [4D Display], and select
F1[TYPE], then [4D Bin Picking IA]. In addition to the robot, the set tool object is displayed in 3D
graphics.

Fault SRVO-003 Deadman switch released
i SET_POs LINE 0 [iEll ABORTED [ENE
RAPHICS Bin-Picking IA
A ,’\

GEO_01

[TYPE ] SELECT ZOOM PAN ROTATE

Check that the position and size of the tool object are correct.

1.5.3 Setting Interference Setup (Condition) Data

Set Interference Setup (Condition) data for interference avoidance.
On the vision data list screen, select [V_CND] and click [EDIT].
On the edit screen, set the parameters according to the following procedure.

_i_I!Vision Interference Avoidance SEtl:IR - \f:CND
Ev_cnp "

IType = e Avoidance K2 | Select [Interference Avoidance] for [Type].
Utool Number 1

heck Mode Check Objects until Interference Check Fails n

Select utool [1] for [Utool Number].

Search Pos. Inside Container  None [
(angle Between Z-axis And Pose 60.0) *

Prior Position Minimum trans. Bl | Trained position [
Enable . Minimum Maximum - -
X mm Set the range of interference avoidance.
[¥ mm
K = ool nle Set as shown on the left to set the range -
b 30 to 30 degrees in the W direction as the
t range in which interference can be
avoided.
Time Out 1000.0) ms

B

END EDIT
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1.6 SEARCH VISION PROCESS SETUP

Configure the necessary settings for a vision process according to the following procedure.
On the ROBOT Homepage, click [iRVision], then [Vision Setup], and the menu screen for vision data
appears.

1.6.1 Vision Process Setup

The 3D Area Sensor has a pre-installed sample vision process. You should edit it according to the actual
application.
On the vision data list screen, select [V_3DA_SAMPLE] and click [EDIT].

iRVision Vision Setup

Camera Data (1)
Ev 3DA_CAM Sample 30 Area Sensor Data 3D Area Sensor 17-DEC-2019 12:02:02  17-DEC-2019 12:02:02 1338
Vision Process Tools (1)

g V_3DA_SAMPLE Sample Vision Process for 30 Area Sensor 30 Area Sensor Vision Process 17-DEC-2019 12:02:30 17-DEC-2019 12:03:46

E, g N =] i}

CREATE FILTER DETAIL DELETE

Setting the parameters
Set the parameters for the vision process for 3D Area Sensor Vision Process.
Set the parameters according to the following procedures.

p - V_3DA_SAMPLE

D 30 Peak Locator Tool 1
u Offset data Calculation Tool [l

Select the camera view number of the camera view - F
to be used in the dropdown list for [Camera View]. [ lealoros vien -

Offset Frame 0 UF 1: UFrame1 B8

Image Display Mode®? 2D Image + Result [l
Select UF[1] for [Offset Frame]. Show Discarded

Pick Score Calculation

Add Folk 3 1

Normalized Z 5 Weight:| 1.0/ 100.0% v
For [Meas. Z Range], specify the Z-direction range i1 | Normalizad:Z: || Lavelness: |1 Pick Score’ | Sort |

to acquire a 3D map. Set the height from the frame
selected for [Offset Frame].

ad
CTH ry? ! 1 L
L Oy . L ] =°ﬂ '

LIVE SNAP FIND SNAP+FIND COl S5 2-30D SNAP PLAYBACK END EDIT
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1.

6.2 Command Tool Teaching

1.

Teach the 3D Data Preprocess Tool and 3D Peak Locator Tool placed in the vision process for 3D Area
Sensor Vision Process.

SMEMO
For V_3DA_SAMPLE, Snap Tool, 3D Data Preprocess Tool, 3D Blob Locator
Tool, and Offset Data Calculation Tool are placed by default. Snap Tool and
Offset Data Calculation Tool will not be taught for the bin picking system, leave

them as they are.

6.2.1 Teaching the 3D data preprocess tool

In the tree view on the vision process edit screen for 3D Area Sensor Vision Process, select [3D Data
Preprocess Tool 1] and teach the 3D Data Preprocess Tool. For how to teach 3D Data Preprocess Tool,
refer to the description of the 3D Data Preprocess Tool in "iRVision OPERATOR'S MANUAL
(Reference) B-83914EN".

.6.2.2 Teaching the 3D peak locator tool

In the tree view for the vision process for 3D Area Sensor Vision Process, select [3D Peak Locator Tool
1] and teach the 3D Peak Locator Tool. For details on how to teach 3D Peak Locator Tool, refer to the
description of the 3D Peak Locator Tool in "iRVision OPERATOR'S MANUAL (Reference)
B-83914EN".

30
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1.7

SETUP OF PARTS LIST MANAGER

Set up the

Parts List Manager.

On the ROBOT Homepage, click [iRVision], then [Parts List Manager], and the data list screen for the
Parts List Manager appears.

1.7.1

Setting the Type of the Parts List Manager

Set up a parts list type.
On the Parts List Manager data list screen, select parts list [1] and click [EDIT].

PARTS LIST MANAGER

SEARCH

Select [SEARCH] for [Type].

Click [EDIT].

EDIT PTYPE

H v ‘\‘

For details on how to create a new parts list or to change the type of Parts List Manager to [SEARCH +
FINE], refer to "References: 5 PARTS LIST MANAGER REFERENCE".

B-83914EN-6/02
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1.

7.2

Setting SEARCH VP List

1.

Set the SEARCH vision process to the SEARCH VP List.
On the Parts List Manager data list screen, select the parts list to be edited and click [EDIT]. The
SEARCH VP List edit screen appears. Set the parameters according to the following procedures.

SEARCH VP List Parts Listl

Ision Process Name
Img. Reg
Priority

Select [Measurement 1] for [Priority].

In the default state of the 3D Area Sensor
Vision Process, the value for [Normalized
Z] is output to [Measurement 1].

e

B

[ PAGE ] END EDIT

[TR—

Select the first row in the SEARCH VP
List.

7.3

Setting PICK Position List

Teach the reference PICK position and set it to the PICK Position List.

On the edit screen for the SEARCH VP List, select [PAGE], then [PICK Position List]. On the PICK

Position List edit screen, set the following.

PICK Position List Parts List1

Comment
Use Found Position Enable

[Vision Process Name V_3DA_SAMPLE n S
Medel 10 0

Interference Setup

For Bin Picking Sample TP Program

Interference Setup Approac]

YNV

Select the first row in the PICK Positio

A A

Not Set

Jos
n

List.

Check that [V_3DA_SAMPLE] has

Calculate 1A
IASYS
IARDB
TACND

Approach Setup
IACND
lofs

Tafs
Reference PICK Position

PICK Position X

been selected for [Vision Process
Name].

Select the [Calculate 1A] check box.

Set “23" to [PR] in [Tofs].
Register “(0.0,0.0,100.0,0.0,0.0)" and

DUL FILA FOSIUDT

Check that [\V_SYS] has been selected for [IASYS].
Check that [\V_ROB] has been selected for [IAROB].
Check that [\V_CND] has been selected for [IACND].

AMIET IR FITON

Start Set Reference Wizard

the position data to PR [23] in the
cartesian or matrix format.

"¢ =

[ PAGE ]

END EDIT
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1.7.4 Settings PICK Position With Set Reference Wizard

Set the reference PICK position and SEARCH Vision Process reference data.

1 When the [Start Set Reference Wizard] button is clicked on the PICK Position List edit screen, the
following screen appears. Check the setup procedure and click [NEXT].

SET REFERENCE WIZARD Setup Sequence

FIND or teaching reference ion is done in the following order.

Execute V_3DA_SAMPLE -> Setup V_3DA_SAMPLE Reference Data -> Setup PICK Positionl

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

v x

NEXT CANCEL

2 When the following screen for finding a vision process appears, move the robot out of the container
by jogging it, for example, place the part at the position where you want to set as the reference
position, and click [FIND].

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

SET REFERENCE WIZARD PICK Positionl Setup - Vision Execution

Please move the robot to detecting position for the following the vision process.
V_3DA_SAMPLE

Detect a part by the following vision process.

o x

FIND CANCEL
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3

4

The vision process for SEARCH Vision Process is executed, and the message 'The vision process
has run. Please check FIND result in Vision Runtime Page.' shown below is displayed. On the
Vision Runtime screen, check that the result of the SEARCH Vision Process is correct, and click
[NEXT].

SET REFERENCE WIZARD PICK Position1 Setup - Vision Execution

Please move the robot to detecting position for the following the vision process.
V_3DA_SAMPLE
Detect a part by the following vision process.

The vision process has run. Please confirm FIND result in Vision Runtime Page.

v ] x

NEXT FIND CANCEL

The following reference data setup screen appears. Click [SET] to set the reference data of the
SEARCH Vision Process, and click [NEXT].

SET REFERENCE WIZARD PICK Position1 Setup - Reference Data Setup

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

PICK Position1

Press [NEXT] to start next step.

v & x

NEXT SET CANCEL

34
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5  The following reference position setup screen appears.

SET REFERENCE WIZARD PICK Positionl Setup - Reference Position Setup

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

When the reference position setting is done, press the [COMPLETE].

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

SET POS.TP

1: UFRAME_NUM=1

2: UTOOL_NUM=1

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

A\

Position found by TP program
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7 Check whether P [1] is appropriate as a position to pick a part (the position is adjusted if necessary
by fine-tuning the position of the robot), and click [SET] on the Reference Position Setup screen.
The set reference PICK position is displayed as follows.

SET REFERENCE WIZARD PICK Positionl Setup - Reference Position Setup

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

When the reference position setting is done, press the [COMPLETE].
Fallowing robot position has been set as reference position.
It is obtained by subltraction Vision Offset from the taught position,

UF:1 UT:1 NUT 000
X 725129

¥ 148,643

Z -611.245

W 0.004

P 0.085

R B.643

v & x

COMPLETE CANCEL

8  Check that the displayed reference PICK position is correct, and click [COMPLETE] to close the Set
Reference Wizard. This will complete the reference position setting.

1.8 TEACHING TP PROGRAM

Teach the TP program for a system to perform bin picking with 3D Area Sensor.

1.8.1 Flow Chart of TP Program

The flow chart of TP program is as follows.
START
FAIL

END SEARCH <

v SUCCESS

POP

FAIL

SUCCESS

FAIL

Get PICK position

, SUCCESS

FAIL PICK&PLACE

SUCCESS
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1.8.2 Register Setting Table

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

Registers to be used
R [10] Status of the found result of SEARCH. The value indicates one of the
following states.
0: SUCCESS (More than one new pushed data set exists)
1: FAIL (No new pushed data set exists)
R[11] Status of the POP result. The value indicates one of the following states.
0: SUCCESS
1: FAIL (No part data that can be popped)
R [12] The Model ID of the popped part data
R [13] The status of the process to get a PICK position The value indicates one of the
following states.
0: SUCCESS
12: Failed to get an interference avoidance position at the PICK position
13: Failed to get an interference avoidance position at the approach position

Position registers to be used

PR [20] PICK position

PR [21] Tool offset as the result of interference avoidance calculation related to the
PICK position.

PR [22] This is the Approach position.

PR [23] Set the tool offset value from the PICK position used for approach position
calculation.

Example: (0.0, 0.0, 100.0, 0.0, 0.0, 0.0) in the cartesian or matrix format.

Tool frame to be used
[ UTOOL [1] | The TCP of the gripper |

User frame to be used
| UFRAME [1] | Application frame |
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1.

8.3

Batch Input of Register Comments

This system has a pre-installed sample program. By entering comments to registers and other elements
used in this sample program in advance, you can check operation and modify your program easily.
Although manually setting comments takes time, it will save on the labor of performing the operation.

1  Select and execute [CMT_3DA_BP] on the program list screen.

TP Programs 681496 bytes free 2/7

No. Program name Comment
1 _BRCEEDT_ [ 1
2 [Comment R & PR ]
3 TCAT SDA ©F A> [Comment P & PR ]
4 vV 3DA BP [Bin Pick 1
5 V_3DA BP MAIN [Bin Pick Advance]
6 V_3DA BP SUB [Bin Pick Advancel]
7 V 3DA FOV [Bin Pick Advance]

COPY DETAIL LOAD SAVE AS PRINT

2  Check that the comments are entered as follows on the register list screen and the position register

list screen.
Use Register Value
R [10] Detection status
R [11] Pop status
R [12] Pop model number
R [13] Pick status
Position registers
PR [20] Picking
PR [21] Pick interference offset
PR [22] Pick approach
PR [23] Pick approach offset

38
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1.8.4 Editing TP Program

Edit the TP program.

1  Select [V_3DA_BP] and click [COPY] on the program list screen.

TP Programs 681496 bytes free a/7

No. Program name Comment
1 -BCKEDT- [ 1
2 CMT 3DA BP [Comment R & PR |
3 N 3L RE Do [Comment P & PR ]
5 "V _SDA BF MAIN [Bin Pick Advancel]
6 V_3DA BP SUB [Bin Pick Advance]
7 V_3DA FOV [Bin Pick Advance]

DETAIL LOAD SAVE AS PRINT

2  Edit the program name and click [OK].
3 Teach each position in the TP program.

Positions

P[1: Search]

The robot's waiting position when SEARCH is being executed. Teach a
position where the robot will not come into the 3D Area Sensor's field of
view.

P[2: Pick Approach] The approach position when picking the part. It is best to teach a point

directly above the center of the container.

P[3: Place Approach] | The approach position when placing the part.

P[4: Place]

The part placing position.

P[5: Home]

The robot's waiting position. It may be the same position as P[1].

4  Add part picking and placing instructions.
For the CALL instruction in the 34th line, specify the instruction to pick up the part with the gripper.
Specify the instruction according to the environment you use.
For the CALL instruction in the 43rd line, specify the instruction to release the part from the gripper.
Specify the instruction according to the environment you use.

V_3DA_BP.TP

This is the sample program for the Bin Picking system. For description of the macro programs such as
BINPICK_CLEAR, refer to "References: 5 PARTS LIST MANAGER REFERENCE".

B-83914EN-6/02

39



1. BIN PICKING SYSTEM WITH 3D AREA SENSOR

Basic Setup Procedures

14:

15:
16:
17:
18:
19:

20:
21:
22:
23:

24:
25:
26:

27:
28:
29:
30:
31:
32:
33:
34:
35:
36:
37:

38:
39:
40:
41:
42:
43:
44:
45:
46:
47:
48:
49:
50:
51:
52:
53:
54:

: IThe register numbers and

. Iposition register numbers below
: Ishould be changed according to
: Ithose set by CMT_3DA_BP.TP.

©ONOUAWN R

: CALL BINPICK_CLEAR("Parts List ID"=1)

: L P[1:Search] 2000mm/sec FINE
: CALL BINPICK_ACQUIRE3DMAP("3D Area Sensor"'= ——

Specify the user frame number set in
"Basic Setup Procedures: 1.2 User
Frame Setup".

UFRAME_NUM=1

UTOOL_NUM=1

Set the tool frame number set in "Basic
Setup Procedures: 1.4 SETTING
TOOL FRAME".

: ISEARCH
© LBL[1]

'V_3DA_CAM)

CALL BINPICK_SEARCH("Parts List ID"=1,

Acquire a 3D map.

Execute SEACRH Vision Process.

"SEARCH VP ID"=1,"Status R"=10)

IF R[10:Search Status]<>0,JMP LBL[999]

If any part cannot be found, terminate
the process.

IPOP
LBL[2]
CALL BINPICK_POP("Parts List ID"=1,

"Status R"=11,"Model ID R"=12)

IF R[11:Pop Status]<>0,JMP LBL[1]

If part data fails to be popped, execute
the SEARCH vision process.

IGETPICKPOS
CALL BINPICK_GETPICKPOS("Parts List ID"=1,
"PICK Pos ID"=1,"Status R"=13,"PICK Pos PR"=20,

"IA Offset PR"=21,"APP Pos PR"=22)

IF R[13:Pick Status]=0,JMP LBL[3]

If the acquisition of the PICK position
is successful, jump to the PICK process.

CALL BINPICK_SETSTAT("Parts List ID"=1,

"Part Status"=22)

JMP LBL[2]

If the PICK position fails to be
acquired, pop the next part data.

IPICK

LBL[3]

L P[2:Pick Approach] 2000mm/sec CNT100
L PR[22:Pick App.] 2000mm/sec CNT50

L PR[20:Pick] 500mm/sec FINE

Move to the PICK position.

lInsert program instructions
Ito grasp the part.

CALL ...

CALL BINPICK_SETSTAT("Parts List ID"=1,

"Part Status"=20)

Change the parts status to the "PICK
SUCCESS" status.

L PR[22:Pick App.] 500mm/sec CNT50
L P[2:Pick Approach] 2000mm/sec CNT100

IPLACE
L P[3:Place Approach] 2000mm/sec CNT100

L P[4:Place] 500mm/sec FINE

Move to the PLACE position.

!Insert program instructions

Ito place the part.

CALL ...

L P[3:Place Approach] 2000mm/sec CNT100

ICONTINUOUS
JMP LBL[2]

After placing a part, pop the next part
data.

IEND
LBL[999]
J P[5:Home] 100% FINE
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1.9 ROBOT COMPENSATION OPERATION CHECK

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

e  Place a part near the reference position, detect it, and check that it can be picked up accurately. In
this state, if the handling accuracy is not satisfactory, teach the reference position again.

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

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

e  Find the part by placing and rotating it differently from the reference position and check that it can
be picked up accurately.

e  Start with lowering the 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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2 FIXED FRAME OFFSET SYSTEM WITH 3D
AREA SENSOR

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

/

™~ SEARCH
—a 3D Area Sensor Vision Process

TCP of the gripper
— UTOOL [1]

| H Reference UFRAME
, / > UFRAME[1]
P ‘////

Example of Bin Picking system configuration

2.1 INSTALLATION AND CONNECTION OF 3D AREA
SENSOR

Installation of the 3D Area Sensor
Install the 3D Area Sensor on the camera mount.

Connecting the 3D Area Sensor

Connect the 3D Area Sensor to a robot controller. For details, refer to the description of sensor

connection cable configuration in "Sensor Mechanical Unit/Control Unit OPERATOR'S MANUAL
B-83984EN".
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2.2 USER FRAME SETUP

Set the user frame that becomes the reference frame for an offset calculation. Set it on the work table on

which parts are place as shown in the figure below. For how to set up the user frame, refer to "References:
1 FRAME SETUP REFERENCE".

Example of user frame setup

Here, set the user frame to UFRAME [1] as described in the figure 'Example of Bin Picking system
configuration'.

2.3 SETTING UP 3D AREA SENSOR DATA

Configure the necessary settings for the 3D Area Sensor according to the following procedure.

On the ROBOT Homepage, click [iRVision], then [Vision Setup]. The menu screen for vision data
appears.

2.3.1 Editing 3D Area Sensor Data

The 3D Area Sensor has pre-installed sample sensor data. You should edit it according to the actual
application.

Edit the 3D Area Sensor data edit screen according to the following procedure:

1  Click [V_3DA_CA] from the [Camera Data] category on the vision data list screen.
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iRVision Vision Setup
Name Comment Created

Camera Data {

L-.'.‘ V_3DA_SAMPLE Sample Vision Process for 3D Area Sensor 3D Area Sensor Vision Process 17-DEC-2019 12:02:30 17-DEC-2019 12:03:46

E+ -, 7 l. E ﬁ

CREATE FILTER COoPY DETAIL DELETE

Click [EDIT].
The edit screen for 3D Area Sensor data is displayed.

2.3.2 3D Area Sensor Configuration

Configure the basic settings for the 3D Area Sensor.
Click [1 Sensor Config] in the navigation area of the 3D Area Sensor data edit screen. The screen below
appears. Set the following parameters.

iRVision Vision Setun - V 3DA_CAM

1 ~B: ]
-l A
Sensor Calibration
Config Setup
! L2 I g
Select [1] for [Projector ID]. — Cameral 1-1: scizoer2 1
Camera2 1-2; sc130eF2 §3

‘Calib. Exposure 10,000, ms n

Test Projector Pattern 0 Fraje B3

Select the camera connected to [Camera 1]
and [Camera 2] each.

Set a value for "Calib.
Exposure" so that the
calibration target will be
clearly captured.

The greater the value (longer
exposure time), the brighter
the image.

B

END EDIT
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#MEMO

If either of the following problems occurs, switch to the advanced mode and

select [Robot-Generated Grid Cal.] for [Calibration]. (Normally,

[Robot-Generated Grid Cal.] is selected)

(1) When you want to change the initial position for [Cameral] and [CameraZ2]
Example: The robot or gripper interferes with peripheral equipment when an
initial position common to [Cameral] and [Camera?2] is used.

(2) When you want to set different targets to be used for calibration for
[Cameral] and [Camera2]

Example: A target common to [Cameral] and [Camera?2] is difficult to detect.

Adjusting the Layout of 3D Area Sensor

Adjust the layout of the 3D Area Sensor. For details, refer to "References: 3.4.1 Adjusting the Layout of
3D Area Sensor".

Adjusting the Focus of the Projector Unit
Adjust the focus of the projector unit of the 3D Area Sensor. For details, refer to "References: 3.4.2
Adjusting the Focus of the Projector Unit".

Adjusting the Focus of the Camera Unit
Adjust the focus of the camera units of the 3D Area Sensor. For details, refer to "References: 3.4.3
Adjusting the Focus of the Camera Unit".

2.3.3 Calibration Setup

Set up calibration for two 3D area sensor cameras.

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.

Setting the Parameters

In the navigation area of the edit screen for the 3D area sensor data, click [2 Calibration Setup]. A screen
similar to the one below appears. Set the following parameters.
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2.

iRVision Vision Setup - V_3DA

Start position

[ oo postion
(%)

Image Logging Mode INTmrerer e ey

Jog the robot with a target
attached to it so that the
target is captured in the
center of the camera's field
of view, and click the
[Record] button for [Start
position] to set the current
position of the robot as the
start position.

B

END EDIT

#MEMO
By displaying the screen for the advanced mode and changing the settings for
[Calibration Area 1] and [Calibration Area 2], you can narrow the range of the
robot operation during calibration. The setting for each of these items are also
reflected in [Search Window] for cameras 1 and 2 on the [Train Model] screen.

3.4 Train Model

Teach the model pattern for target detection.

Click [3 Train Model] in the navigation area of the 3D Area Sensor data edit screen. The screen below
appears. The procedure is the same as the procedure for teaching a model pattern with GPM Locator Tool.
The procedure is the same as the procedure for teaching a model pattern with GPM Locator Tool's. For
details, refer to the description of GPM Locator Tool in "iRVision OPERATOR'S MANUAL (Reference)
B-83914EN".

iRVision Vision Setup - V_3DA_CAM

1 - 2 ~ 3 ~
o | 2 1 n
Sensor Calibration Train Model Calibration
Config Setup
Click the [Teach] button to train the shape of the target “amera camera1 [
as a model. ra —
\>
Training Stability Loc. G Ang. G Sca. G
Training Mask @ Enabila | Eait |
Emphasis Area Enable m
Score Threshald £ 70,0 %
{Contrast Thrashold £ 50
L1 ]
DOF Enable  MNom, Min, M.
Orientation | 35.0 350/ @
Scale 0 o B5.0/ 130.0) %
Image Display Mode Pattern n
Show Almost Found ¥
Found 0 L#¥ Row(v) [ Column(H) ] Score | _cContrast | FitEmor ] Angle [ Scale | Aspect | Skew |
tAlmest Found 0
Time to Find 0 ms

(o I
L h L‘b E’

SNAP+FIND CONT S+4F SAVE END EDIT
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Set the value for [Run-Time Mask] for an individual camera. To limit the range to place calibration points,
select the relevant camera in the drop-down box for [Camera] and then set the window.

#MEMO
When you display the screen for the advanced mode, you can change the
[Run-Time Mask] setting.

2.3.5 Calibration

Calibrate the cameras.

1 In the navigation area, click [4 Calibration].
The following screen appears.

iRVision Vision Setup - V_3DA_CAM

Not Exacute, 2

B

END EDIT

2 Click the [Execute] button in [Calibration].
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3

When the following confirmation screen appears, click [EXECUTE] while holding down the
[SHIFT] key on the teach pendant.

iRVision Vision Setup - V_3DA_CAM

Press SHIFT + F4 to execute, or F5 to Cancel.
Before executing, vision data will be saved with current state.

e :

EXECUTE CANCEL

1

2

3

/A CAUTION

Calibration can only be executed on the teach pendant. This action cannot be
performed on the PC.

Calibration is terminated when you release the [SHIFT] key while calibration is
being executed. In such cases, redo the calibration.

The robot usually performs operations within an expected range according to the
parameter setting. However, the robot can move beyond the expected range
depending on the parameter settings. When executing the calibration, 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 such cases,
press the [FCTN] key and end the programs.

When redoing a calibration that was suspended in the middle of execution, you
can start from the part where it ended the last time.
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2.3.6 Checking Calibration Point

Check the found calibration points after executing Robot-Generated Grid Calibration.
In the navigation area of the edit screen for the 3D area sensor data, click [5 Calibration Points]. A screen
similar to the one below appears.

iRVision Vision Setup - V_3DA_CAM

1 L 2 - b= PR e B 4 - ! 7 -
- % AR e} A g &
Sensor Calibration Train Model Calibrati i Sensor
Config Setup i Seti

ICamera Cameral [+ |
. . . . « . Check ints with large errors, and delete them if the:
To check calibration points for an individual camera, Iar:tnl‘:;rklslmims.ﬂ“ bt i
select the relevant camera in the [Camera] dropdown box. e _,M_xﬂ.,;,ﬂ,,*

1002 390.1 639.5 19721 -284.3 5938 0.000
T NS T 105 2688 695 19942 2843 %38 000
1004 511.5 5198 1950.0 -262.2 5938 0.000

If there is an incorrectly detected point, either select the I‘ 1005 10133 12624 18617 3947 5938 0.002

. s . - . 1006 10009 11342 18617 -3726 5938 0.000
incorrect point in the points list or enter the point number 1007 10066 1008.1 18517 -350.5 5938 0.000

1008 10033 883.6 1861.7 -328.5 5038 0.000

into the [Point Number] text box, and click the [Delete] 1000 10001 7607 18617 -3064 SOI8 0.000
b 1010 996.9 639.5 1861.7 -284.3 593.8 0.000
utton. Wil 9938 - 593.8  0.000

Y]

1012 990.7 5938 0.000

Point Number [

M G

END EDIT

2.3.7 Checking Calibration Result

Check the calculated calibration data.
In the navigation area of the edit screen for the 3D area sensor data, click [6 Calibration Result]. A screen
similar to the one below appears.

iRVision Vision Setup - V_3DA_CAM

Config Setup

" Cameral [+ |

Make sure that the focal distance is roughly acculate, and

that the mean error value and the maximum error value
are not too large.
Check th_at the value for [Focal AR S -
D|Stance] IS correct. Lens Distortion 0 -0.00000
- T Max Lens Distortion £ 0.0 pix
i Scale O 0.182 mm/pix
| Mean arror value I} 0.000 pix
Maximum error value 0.002 pix
s 4 Calib. pt. height range @ 3746 - 593.8 mm
r‘. Target position
ol i X 000 Y 43 Z -B63.8

Check that the values for [Pos. of Foe. Of Camera Rarative b Apn: U B
H H X 19500 Y 3345 2 10027
Fixed Camera Relative to App. Gl SEe S gl

UFrame] are correct.

M G

END EDIT
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2.3.8 3D Area Sensor Setup

Set up the 3D Area Sensor according to the following procedures.

Teaching of condition of acquiring 3D Map

Click [Sensor Setup] in the navigation area of the 3D Area Sensor data edit screen. Set the following
parameters.

iRVision Vision Setup - V_3DA_CAM

CNSOr Calibration Train Model Calibration  Calibration  Calibration |  Sensor
Config Setup Points Result Setup

ErE 2 oo B -] | |[Sensor Setup’ = |

Intensity © 11

Exposure Time 8,000 ms
30 Map Density i normal B

Image Display Mode I Gray Scale n

3D Map Info. O

Date

1 - 2 - 3 - 4 ~ 5 - L3 L 7 ~
BN DN BN NN N
S librati i Calil Sens

Time
Num. Points
Map Size
XY Interval
Z Average
Z Variation
Min. M.

X mm

Click [ACQ 3DMAP] to check that a 3D map can be it =
acquired.

. ‘ ‘
o)

g

END EDIT

\_ACQ 3DMAP

Click [ACQ 3DMAP] to see if a 3D map can be acquired. If there is an area where 3D points cannot be
acquired, adjust the values for [Intensity] and [Exposure Time] by referring to "References. 3.4.4
Adjusting the Conditions for Acquiring a 3D Map".

2.4 TOOL FRAME SETUP

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

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

Here, set the above tool frame to UTOOL [1] as described in the figure 'Example of Bin Picking system

configuration' at the beginning of this chapter. For how to set up the tool frame, refer to "References: 1
FRAME SETUP REFERENCE".

2.5 SEARCH VISION PROCESS SETUP

Configure the necessary settings for a vision process according to the following procedure.

On the ROBOT Homepage, click [iRVision], then [Vision Setup]. The menu screen for vision data
appears.
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2.5.1 Editing Vision Process

The 3D Area Sensor has a pre-installed sample vision process. You should edit it according to the actual

application.
On the vision data list screen, select [V_3DA_SAMPLE] and click [EDIT].

iRVision Vision Setup

MName Comment Type Created Modified Size
Camera Data (1)
EJ v_30a_can Sample 30 Area Sensor Data 3D Area Sensor 17-DEC-2019 12:02:02  17-DEC-2019 12:02:02 1338

Vision Process Tools (1)

g V_3DA_SAMPLE Sample Vision Process for 3D Area Sensor 3D Area Sensor Vision Process 17-DEC-2019 12:02:30 17-DEC-2019 12:03:46 66

B, 4 v 1]

CREATE FILTER COPY DETAIL DELETE

Setting the Parameters
Set the parameters for the vision process for 3D Area Sensor Vision Process.
Set the parameters according to the following procedures.

sion Vision Se_tqp -V_3DA_SAMPLE

@smp Tool 1
[ 3D Data Preprocess Tool 1 M
£ 30 peak Locator Tool 1

u Offset data Calculation Tool [l

Select the camera view number of the camera view =
to be used in the dropdown list for [Camera View]. _l_c,,.“.,,. e - |

Offset Frame UF 1: UFrame1 K8
I Meas. Z Range -1000.0, - 100,0. mm

Image Display Mode® 2D Image + Result |5}

Select UF[1] for [Offset Frame]. Show Discarded

Pick Score Calculation

add Foll s 1 [ E3

Normalized 7 5 Weight: | 1.0/ 100.0% v
For [Meas. Z Range], specify the Z-direction range | | Normalized Z | Leveiness | Pick Score | Sort |

to acquire a 3D map. Set the height from the frame
selected for [Offset Frame].

Flis B =

! s &
o L LK o 23 C | B

SNAP FIND SNAP+FIND CONT S+4F 2-3D SNAP PLAYBACK END EDIT

B-83914EN-6/02
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2.

5.2 Command Tool Teaching

Add GPM Locator Tool and 3D Plane Measurement Tool to the 3D Area Sensor Vision Process and teach
them.

#MEMO
For the sample vision process, Snap Tool, 3D Data Preprocess Tool, 3D Peak
Locator Tool, and Offset Data Calculation Tool are placed by default. Because
3D Peak Locator Tool is not used for the SEARCH Vision Process for the 3D
offset system being set up, select 3D Peak Locator Tool from the tree view on
the vision process edit screen and click the Fil button to delete it.

2.

5.2.1 Teaching the 3D data preprocess tool

2.

In the tree view on the vision process edit screen for 3D Area Sensor Vision Process, select [3D Data
Preprocess Tool 1] and teach the 3D Data Preprocess Tool. For how to teach 3D Data Preprocess Tool,
refer to the description of the 3D Data Preprocess Tool in "iRVision OPERATOR'S MANUAL

(Reference) B-83914EN".

5.2.2 Teaching snap tool

2.

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

For details on the snap tool, refer to the description of the snap tool "iRVision OPERATOR'S MANUAL
(Reference) B-83914EN".

5.2.3 Creating and teaching the GPM locator tool

Create GPM Locator Tool in the vision process for 3D Area Sensor Vision Process according to the
following procedure.

1 Inthe tree view on the vision process edit screen, click the E3 button.
The Create new vision tool pop-up screen appears.

2  For [Name], enter the name of the command tool to be added.

3 For [Type], click [GPM Locator Tool].

4 Click [OK].
GPM Locator Tool is added.
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Setting the Parameters
Set the following parameters in the item setup area for the created GPM Locator Tool.

SAMPLE

il'\_'.yisi?n_\fi_sinr! _Setu

P EArd

p-V_3DA

2l P4 G |
) E 3D Area Sensor Vision Process
Esmp Tool 1
[E 30 Data Preprocess Taol 1
Click [Teach] to train the shape of the part M B GP Locator Tool 1 ¥/

as a mOde| 3D Plane Measurement Tool 1 [l
) P offset data calculation Tool I

E ocat &
2
O, [sctor |
hed
(Training Stability Loc. G Ang. G Sca. G
Training Mask Enable
Emphasis Area Enable m
‘Scare Threshold £ 70.0/ %
‘Contrast Threshold 50
search Window® (o) 10291280 [T
Found 0 [ & 4 Row(v | __Angle |

(Almeost Found 0
Time to Find 0 ms

& L} ™% El | g

SNAP+FIND CONT S+4F PLAYBACK SAVE END EDIT

For details on how to teach GPM Locator Tool, refer to the description of GPM Locator Tool in
"iRVision OPERATOR'S MANUAL (Reference) B-83914EN".

2.5.2.4 Teaching the 3D plane measurement tool

Add GPM Locator Tool to the vision process for 3D Area Sensor Vision Process to automatically create
the 3D plane measurement tool. Set the 3D plane measurement tool according to the following procedure.

Setting the Parameters
Set the following parameters in the item setup area for the created 3D Plane Measurement Tool.

iRVision Vision Setup - V_3DA_SAMPLE
AP IAL e ey | o FAPJES - K

v E 3D Area Sensor Vision Process
[ snap Too! 1
[E1 30 Data preprocess Tool 12
¥ [ GPm Locator Tool 1

Offset data Calculation Tool [l

—

't a0 Dlar
-

__ &)

358
Input 30 Data O 3D Data Preprocess Tool 1 Bl ~

Click [Set] to teach the area on which 3D
measurement is performed.

Enable m

Window Mask £

2D-3D Gap ¥ 0.0/ mm
Min Nurn. Valid Points 100
Fit Error Threshold 1.5 mm

w
E Plot Measurement Area

- lpotMode ____Plot Measy
Time to Find  ms [ ¢ ] x [ v ]z Nomalx | _Normalv ] _Nomalz | Num. Valid Points

Num. Points

L) L H s M By

FIND SNAP+FIND CONT S+F 2-3D SNAP PLAYBACK END EDIT

For how to teach 3D Plane Measurement Tool, refer to the description of 3D Plane Measurement Tool in
"iRVision OPERATOR'S MANUAL (Reference) B-83914EN".
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2.5.2.5 Teaching the offset data calculation tool

In the tree view for the vision process for 3D Area Sensor Vision Process, select [Offset data Calculation
Tool] and teach the offset data tool.

il'\_'.yisi?n_\fi_sinn Setup - V_3DA_SAMPLE
BRI EAPA e

oFEq . N ~1.1 1 B0

it E 3D Area Sensor Vision Process
Esnap Tool 1
[E 30 Data Preprocess Taol 1
'EGPM Locator Tool 1
3D Plane Measurement Tool 1

& Offset data Calculation Tool «

¢ Offset data Calculation Tool & |
Reference Data

Ref. Pos. Status Sot 3
Reference XYZ 418.3 502.2 25.7, mm
Reference WPR 0.2 0.0 0.0

IR 64] x | v |z [ w [P |R]| ModelID | Score | Visibility Ratio | Normalized Z | Levelness | Pick Score | Sort |
100.0 100.0 93.2 93.2 93.2

Found 1 1 4183 5022 257 -0.2 0.0 0.0 1 100.0

Discarded
Num.

o

e L} ] |

PLAYBACK

SNAP+FIND

Place one part within the camera’s field of view and click [2-3D SNAP].

Click [FIND] to find the part.

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

A~ ODN -

/AN CAUTION
From this point onwards, do not move the part until the teaching of the robot

operation is finished when the part is placed at the reference position in the TP
program for fixed frame offset.
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2.6 CREATING TP PROGRAM

Create a TP program for the fixed frame system with 3D Area Sensor.

2.6.1 Flow Chart of TP Program

The flow chart of the TP program is as follows.

START

SEA

RCH

A

A

A

FAIL

END Get OFFSET data

SUCCESS

PICK &

PLACE

2.6.2 Register Setting Table

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

frame.
Registers to be used

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

Vision register to be used

[ VR[1] | Found results of the vision process |
Tool frame to be used

[ UTOOL [1] | The TCP of the gripper |
User frame to be used

| UFRAME [1] | Application frame |

B-83914EN-6/02
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6.3 Creating and Teaching TP Program

Create a TP program for 3D fixed frame offset and teach positions in the program.
The following shows an example of a TP program.

Position

P[1: Home] Home position. The robot's waiting position and posture when it does nothing.

P[2: Search] Found position. The robot's position and posture when the sensor is finding the
part.

P[3: Pick The approach position when picking the part. In most cases, it is right above the

Approach] part that needs to be picked up.

P[4: Pick] The part pick position. It is the position at which the part is actually picked up

(grasped).

P[5: Pick Retract]

position to the placement position.

The pick retraction position. It is a relay point when moving from the pick up

P[6: Place The placement approach position.
Approach]
P[7: Place] The placement (part placement) position.

P[8: Place Retract]

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

Set the user frame number set in
"Basic Setup Procedures, 2.2 User

Set the tool frame number set in "Basic
24 SETTING

1: UFRAME_NUM=1 Frame Setup".

2: UTOOL_NUM=1

3: J P[L:Home] 30% Hr\uz\

4: Setup  Procedures:

5: ISEARCH TOOL FRAME".

6: LBL[10]

7: J P[2:Search] 100% FINE

8: CALL BINPICK_ACQUIRE3DMAP("3D Area Sensor"= Acquire a 3D map.
'V_3DA_CAM)

9: VISION RUN_FIND 'V_3DA_SAMPLE' Run measurement

© VISION GET_OFFSET 'V_3DA_SAMPLE' VR[1]
JMP LBL[999] \

11:
12:
13:
14:
15:
16:
17:
18:
19:
20:
21:
22:
23:
24
25:
26:
27:
28:
29:
30:

Get the offset data in the FIND results
and jump to the last row when not found.

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

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

Move to the part pick position

lInsert program instructions

Ito grasp the part.

CALL ...

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

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

L P[7:Place] 200mm/sec FINE

Move to the part placement position

lInsert program instructions

Ito release the part.

CALL ...

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

IERROR
LBL[999]
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2.7

ROBOT COMPENSATION OPERATION CHECK

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

Place a part near the reference position, detect it, and check that it can be picked up accurately. In
this state, if the handling accuracy is not satisfactory, teach the reference position again.

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

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

Find the part by placing and rotating it differently from the reference position and check that it can
be picked up accurately.

Start with lowering the 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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Reference 1. FRAME SETUP REFERENCE

1 FRAME SETUP REFERENCE

This chapter explains the setup procedures of frames. When an ‘application frame' or an 'offset frame' is
set, refer to this chapter. Refer to Section 3.9 "SETTING COORDINATE SYSTEMS" in the
"OPERATOR'S MANUAL (Basic Function) (B-83284EN)" about a general method of frame setting.
There are two methods for frame setting. Refer to the following for each setting method.

e  For details on the frame setting with a pointer tool, refer to "References: 1.1 FRAME SETTING
WITH A POINTER TOOL".

e  For details on the frame setting with the automatic grid frame set function, refer to "References: 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 the following items.

e  For details on the user frame setting, refer to "References: 1.1.1 User Frame Setting".
e  For details on the tool frame setting, refer to "References: 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 TCP setup for a pointer tool in preparation.

1.1.1.1 TCPsetup

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

Tool frame

Pointer tool and tool frame
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Prepare a pointer tool with a sharp tip. Make sure that the pointer tool is fixed securely to the robot end of
arm tooling so that it remains in place while the robot moves. It is recommended that positioning pins or
other appropriate means may be used so that the pointer tool can be mounted at the same position.
Moreover, prepare another pointer with a sharp tip, and fixed on the table. The position of the fixed
pointer can be set as desired. TCP is set up by touch-up the tip of the fixed pointer with the tip of the
pointer attached on the robot end of the arm tooling. Use the "Three point method" for setting a TCP. If
the accuracy of this TCP setting is low, the precision in handling of a workpiece by the robot is also
degraded.

Pointer tool

"

Fixed pointer tool

Example of a layout for pointer tool and fixed pointer tool

Three point method

Use the three point method to define the tool center point (TCP). The three approach points must be
taught with the tool touching a common point from three different approach statuses. As a result, the
location of TCP is automatically calculated. To set the TCP accurately, three approach directions had
better differ from others as much as possible. In the three point method, only the tool center point (x, y, z)
can be set. The setting value of tool orientation (w, p, r) is the standard value (0, 0, 0). It is not necessary
that change the (w, p, r) value.

1  On the teach pendant, after selecting the [MENU] key — [SETUP], place the cursor over [Frames]
and press the [ENTER] key.

2 Press F3 [OTHER].

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

o

SETUP Frames

Tool Frame / Direct Entry 1/10
— - - e
4——[ il 0.0 0.0 0.0 [Eocatl 1 ]
A O-0 o-0 | R v vl g o T
3 0.0 0.0 0.0 [Eoat3 1
4 0.0 0.0 0.0 [Eoat4 1
5 0.0 0.0 0.0 [Eoat5 1
6 0.0 0.0 0.0 [Eoaté 1
7 0.0 0.0 0.0 [Eocat? 1
8 0.0 0.0 0.0 [Eoat8 1
9 0.0 1.6 1.0 [Eoat?9 1
10 0.0 0.0 0.0 [EcatlO 1
Active TOOL SMNUTOOLNUM[1] = 1

[OTHER ] CLEAR SETIND

Place the cursor over the line of the tool frame number to be set.
Press F2 [DETAIL].
The setup screen for the tool frame for the selected frame number will appear.

vo

SETUP Frames
Tool Frame Direct Entry
Frame Number: 1

1/7

1 Comment:

2 X: 0.000

3 ¥: 0.000

4 a: 0.000

5 W: 0.000

6 P: 0.000

7 R: 0.000
Configuration: NDB, 0, 0, 0

Active TOOL $MNUTOOLNUM[1] = 1

I
e
Press F2 [METHOD].

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.

B-83914EN-6/02
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IjO

SETUP Frames
Tool Frame Three Point 1/4

Frame Number: 1

Approach point
e ey vy
Approach point

w i~
H
i
f
4
H
L |

[TYPE]  [METHOD] FRAME

8  Enter a comment in the [Comment] field as required.
A comment that distinguishes 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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1/0
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
Approach point 1: [
12— Approach point 2: UNINIT

—
Approdcil pPuiine O . UNLINLL

11

[TYPE]  [METHOD] FRAME

11 While holding down the [SHIFT] key, press F5 [RECORD].
The data of the current value is entered as an approach point.
When the teaching has been done for [Approach point 1], [USED] is displayed for [Approach point
1].

12 Place the cursor over [Approach point 2].

13 Jog the robot and touch up the fixed pointer tool pin with the robot pointer tool pin.
Touch up the same point as approach point 1. However, change the robot attitude from that of
approach point 1.

e
e

<2 VN
V'

Approach point 2

Touch-up of approach point 2
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I/o

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
Approach point 1: USED
Annroach noint 2-  [§GIA

15 ——I Approach point 3: UNINIT I

[ TYPE ] [METHOD] FRAME MOVE_TO 14

14 While holding down the [SHIFT] key, press F5 [RECORD].
The current value's data will be input as approach point 2.
[USED] will appear for [Approach point 2].
15 Move the cursor to [Approach point 3].
16 Jog the robot and touch up the fixed pointer tool pin with the robot pointer tool pin.
The position of approach point 3 is the same as approach point 1 and 2. However, the posture of
approach point 3 is different from the posture of approach point 1 and 2.

Approach point 3

Touch-up of approach point 3
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1/0

SETUP Frames
Tool Frame
Frame Number:

X: -1.8
W: 0.0
Comment :

3
0

Approach point 1:
Approach point 2:
Approach point 3:

.2
.0
Pointerl

Three Point

Z:
R:

USED
USED
OSED

Record must be shifted

G

[METHOD] FRAME MOVE_TO

==

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] is displayed for all reference points. The tool frame is set.

18 Press the [PREV] key.
The list screen for tool frames will appear.

1/0

SETUP Frames
Tool Frame
X

/ Direct Entry 1/10
Z Comment
35 [Pointerl
[Eoat2
[Eoat3
[Eoat4d
[EoatS
[Eoat6
[Eoat?
[Eoat8
[Eoat9-
10 0. [Eoatl0

Active TOOL S$MNUTOOLNUM[1] 1

19 Check that the TCP is set accurately. Press F5 [SETIND] and enter a frame number.
The tool frame that has been set will be set as the currently enabled tool frame.

Y

Lo s W N
coocooooOoOoM
50 6 6 6 4 4 4 o 08
cococoocoooo®
oHoOoOCocOoOoOoOOoW
' '
conCcoooocoOoON
~mooocooOoOoO
b o o 0 0 0 o o Qg
ocoocoocooooWn
e e e e e e e

[ TYPE ]

DETAIL [OTHER ]
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20 Jog the robot to move its pointer tool close to the tip of the fixed pointer tool.

v/
Center of rotation ( ( ‘ |

b’

Check by moving the pointer tool close to the tip of the fixed pointer tool

21 Jog the robot around the tool frame, and change the orientation of the tool (w, p, r). If the TCP is
accurate, the tip of the pointer tool will always point toward the tip of the fixed pointer tool.

1.1.1.2 Setting method types and procedures

There are three methods of setting a user frame, the "Three point method"”, "Four point method" and
"Direct list method". When use the "Three point method" or "Four point method", use the pointer tool that
is set in the "References: 1.1.1.1 Setting a TCP". 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" are explained as shown below.

Three point method

Teach the following three points: the origin of the x-axis, the point that specifies the positive direction of
the x-axis, and the point on the x-y plane. In the example of the following figure, the user frame is set on

the table so that the XY plane of the user frame is parallel with the table plane.

68
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&
\\C. »

User frame

Example for setting a user frame that is parallel with a work table plane

1  On the teach pendant, after selecting the [MENU] key — [SETUP], place the cursor over [Frames]
and press the [ENTER] key.
Press F3 [OTHER].
3 Place the cursor over [User Frame] and press the [ENTER] key.
The user frame list page appears.

N

1/0
SETUP Frames
User Frame / Direct Entry 1/9
- - - T
4——@ 0.0 0.0 0.0 [UFramel ] ]
0.0 0.0 0.0 |UFramez )
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 [UFrameb 1
(3 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
A

L IYPE | L DETAIL [OTHER ] CLEAR SETIND >

SN

Place the cursor over the line number of the frame to be set.

Press F2 [DETAIL].

SETUP Frames screen for the selected frame will appear.

6  Press F2 [METHOD].

7  Place the cursor over [Three Point] and press the [ENTER] key.

A screen for user frame setting using the three point teaching method will appear.

o1
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ifls}

SETUP Frames
User Frame Three Point 1/4

Frame Number: 1

Z:
R:

Y:
198

X:
W:

8 m— Comment : FIXTURE]

X Direction Point: UNINIT
Y Direction Point: UNINIT

0.0 0.0
0.0 0.0

Active UFRAME SMNUFRAMENUM[1] = 0

[TYPE]  [METHOD] FRAME

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

A comment that distinguishes this frame from other frames is recommended.
9  Move the cursor to the [System Origin Point].
10 Jog the robot to touch up the System Origin with the pointer tool.

Orient Origin Point

Touching up the System Origin
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1/o

SETUP Frames
User Frame Three Point 2/4
Frame Number: 1

X:
W:

Y:
198

Z:
R:

(=0 =]
o
(=0 =]

0.0 0.0
0.0 0.0

Comment : FIXTURE1
orient Oricin Point-  (I(SAN

12— X Direction Point: UNINIT

Y Direction Polint: UNINLT

Record must be shifted

[TYPE]  [METHOD] FRAME MOVE_TO|| RECORD

11 While holding down the [SHIFT] key, press F5 [RECORD].
The current position data will be recorded as the system origin of the frame.
[USED] will appear for the taught [System Origin Point].
12 Move the cursor to [X Direction Point].
13 Jog the robot and touch up the X direction point with the pointer tool.
A line drawn between the system origin point and the touched up X direction point will be the
X-axis of the frame.

X Direction Point

Orient Origin Point

Touch-up of X direction point
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10

SETUP Frames
User Frame Three Point 3/4
Frame Number: 1

X: 0.0 Y: 0.0 Z: 0.0
W: 0.0 P: 0.0 R: 0.0
Comment : FIXTURE1
Orient Origin Point: TUSED

» = nn Poin SED

X Direction Point- il
15 __l Y Direction Point:  UNINIT l

Record must be shifted

—

[ TYPE] [METHOD] FRAME MOVE TO RECORD ‘

14 While holding down the [SHIFT] key, press F5 [RECORD].
The current position data will be recorded as the X direction point.
[USED] will appear for the taught [X Direction Point].
15 Move the cursor to the [Y Direction Point].
16 Jog the robot and touch up the Y direction point with the pointer tool.
Touching up the Y-axis direction will determine the X and Y plane of the frame.

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
¥ Direction Point: USED

¥ Direction Point: USED

Record must be shifted

[TYPE]  [METHOD] FRAME MOVE_TO m 17

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

The current position data will be recorded as the Y direction point.

When all the touch-up points are taught, [USED] is displayed for all of them. The user frame is set.
18 Press the [PREV] key.

The user frame list page appears.

10
SETUP Frames
User Frame / Three Point 1/9
X Y Z Comment
1]1298.7 -447.7 -268.9 [FIXTURE1 1
2 i 0.0 0.0 [UFrameZ2 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
(9 0.0 0.0 0.0 [UFrameé6 1
T 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

19

[ TYPE ] DETATL [OTHER ] CLEAR

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 that specifies the
positive direction of the x-axis, a point on the xy plane, and the origin of the frame. In the example of the
following figure, the user frame is set on the fixed calibration grid.

System origin

\/

Example of setting a user frame on a fixed calibration grid

The following figure is a calibration grid. When performing the Grid Pattern Calibration for camera
calibration, it is necessary to set up a user frame such as shown in the following figure. Since it is
necessary to set 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 shorter. The
accuracy of user frame setting is better when the "Four point method" is used.

OO0 OO ®® ® & XDirction
E X R NN NN N
SystemOrigin\..=======
:fiibliii
9000000 OO
00000000
0000 0O0OS

Y Direction—+D @ @ @ @ ® @ ® € Orient Origin

Four point teaching method touch-up points for a calibration grid
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1  On the teach pendant, after selecting the [MENU] key — [SETUP], place the cursor over [Frames]
and press the [ENTER] key. 1

2 Press F3 [OTHER].

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

o

SETUP Frames
User Frame / Three Point 1/9
e ' Lrd n"mnni—

[UFramel
roTTETE
[UFrame3
[UFrame4
[UFrame5
[UFrame6
[UOFrame7
[UFrame8
[OFrame9

e ewy =
cooccooodo
5o 6 o o o o ol|oc
coococooodo
cococcooodo
e I
cococcooodo
cooccooodo
5o 6 o o o o ol|oc
coococooodo
— e e e o

Active UFRAME S$SMNUFRAMENUM[1] = 1

DETAIL [OTHER ] CLEAR SETIND >

SN

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.
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.

/o

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

X: 0.0 Y: 0.0 Z: 0.0
W: 0.0 P: 0.0 R: 0.0
8 Comment :
9 Orient Origin Point: UNINIT
"X Direction PoOINC: UNINIT
Y Direction Point: UNINIT
System Origin: UNINIT

Active UFRAME S$SMNUFRAMENUM[1] = 1

[TYPE]  [METHOD] FRAME

8  Enter acomment in the [Comment] field as required.

A comment that distinguishes this frame from other frames is recommended.
9  Place the cursor over [Orient Origin Point].
10 Jog the robot and touch up the X direction origin point with the pointer tool.
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Orient Origin Point

Touching up the system origin point

Vo

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 : FIXTUREL
) en ) ain_ Polin SET)
12 e pirect ion poine:ominir )
Y DIrecrtion POI1NL: UNINIT
System Origin: UNINIT

fe—

a= [TYPE]  [METHOD] FRAME MOVE_TO

11

RECORD ‘

11  While holding down the [SHIFT] key, press F5 [RECORD].
The current position data will be entered as the X-axis origin point.
For the taught [Orient Origin Point], [Used] will appear.
12 Move the cursor to [X Direction Point].
13 Jog the robot and touch up the X direction point with the pointer tool.
A line drawn between the system origin point and the touched up X direction point will be the
X-axis of the frame.
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ro

Orient Origin Point X Direction Point

Touch-up of X direction point

o

SETUP Frames
User Frame Four Point 3/5
Frame Number: 1

X: 0.0 Y: 0.0 Z: 0.0
W: 0.0 P: 0.0 R: 0.0
Comment : FIXTUREl
Orient Origin Point: TUSED
¥ Direction Point-  [RGIHAN
15 — Y Direction Point: UNINIT
SyStem Origin- UNINLIT

Record must be shifted

g —

[TYPE]  [METHOD] FRAME MOVE_TO 14

RECORD ‘

14 While holding down the [SHIFT] key, press F5 [RECORD].
The current position data will be recorded as the X direction point.
[USED] will appear for the taught [X Direction Point].
15 Move the cursor to the [Y Direction Point].
16 Jog the robot and touch up the Y direction point with the pointer tool.
Touching up the Y-axis direction will determine the X and Y plane of the frame.
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-

Y Direction Point

Touch-up of Y direction point

1/0

SETUP Frames

User Frame Four Point 4/5
Frame Number: 1

X: 0.0 Y: 0.0 7z 0.0
W: 0.0 P: 0.0 R: 0.0
Comment : FIXTURE1
Orient Origin Point: TUSED
X Direction Point: USED
Y Direction Point:  |U5)a)
18 — System Origin: UNINIT

Record must be shifted

[e——

[TYPE]  [METHOD] FRAME MOVE_TO

17

RECORD ‘

17  While holding down the [SHIFT] key, press F5 [RECORD].
The current position data will be recorded as the Y direction point.
[USED] will appear for the taught [Y Direction Point].
18 Move the cursor to the [System Origin Point].
19 Jog the robot and touch up the system origin point of the frame with the pointer tool.
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System Origin

Touching up the System Origin

Vo

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

X: 1628.4 Y -1.9 %: -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: [

Record must be shifted

[TYPE] [METHOD]  FRAME  MOVE_TO

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

The current position data will be recorded as the system origin of the frame.

When all the touch-up points are taught, [USED] is displayed for all of them. The user frame is set.
21 Press the [PREV] key.

The user frame list page appears.
22 Press F5 [SETIND] and enter a frame number.

The user frame that has been set will be set as the currently enabled user frame.
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1.1.2 Tool Frame Setting

This subsection explains a tool frame setting on the TCP of the gripper mounted on the robot.

tool frame

Fixed pointer tool

Tool frame setting example

After the pointer for touch-up is secured to a secured stand, select "Tool Frame Setup / Six Point(XZ)",
and teach the six points shown in the figure below by touch-up operation. The position of fixed pointer is
arbitrarily. A target fixture as shown in the figure below is provided and is installed to the gripper of the
robot. Then, be sure that the origin of the target corresponds to the TCP of the gripper of the robot.

Touch up point(=TCP of the gripper)

Installing the target in the robot's gripper
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1  On the teach pendant, after selecting the [MENU] key — [SETUP], place the cursor over [Frames]
and press the [ENTER] key. 1

2 Press F3 [OTHER].

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

e} 109,
SETUP Frames + =[H
Tocl Frame / Six Point(XZ) 1/10

W Y 7 ﬂn'nmn‘l‘
4 i o.o0 0.0 0.0 [HAND ]
Z U.0 U.0 U.U LEoats T
3 0.0 0.0 0.0 [Ecat3 1
4 0.0 0.0 0.0 [Ecat4 ]
5 0.0 0.0 0.0 [Eocath ]
6 0.0 0.0 0.0 [Eocatéb ]
7 0.0 0.0 0.0 [Eocat7 1
8 0.0 0.0 0.0 [Ecat8 1
9 0.0 0.0 0.0 [Eocat?9 1
10 0.0 0.0 0.0 [EcatlO ]
Active TOOL $MNUTOOLNUMI[1] = 1

DETAIL [OTHER ] CLEAR SETIND

4 Place the cursor over the line of the tool frame number to be set.
Press F2 [DETAIL].
The setup screen for the tool frame for the selected frame number will appear.

ol

o 109
SETUP Frames + =[H

Tool Frame Direct Entry 7/7
Frame Number: 1

1 Comment: HAND

2 X: 0.000

3 Y: 0.000

4 Z: 0.000

5 W: 0.000

6 P: 0.000

7 R:

Configuration: NuUT, 0, 0, O
Active TOOL $MNUTOOLNUM[1] = 1

FRAME

6  Press F2 [METHOD].
7 Move the cursor to [Six Point (XZ)] and press the [Enter] key.
The tool frame setup page for the six point (XZ) method appears.
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6
SETUP Frames
Tocl Frame Six Point (XZ) 2/7
Frame Number: 1
X: 0.0 Y: 0.0 Z: 0.0
W: 0.0 P: 0.0 R: 0.0
Commant - HANTD
s —— (TR
Approach point 2Z: UNINIT
Approach point 3: UNINIT
Orient Origin Point: UNINIT
X Direction Point: UNINIT
Z Direction Point: UNINIT

[TYPE] [METHOD] FRAME MOVE_TQ| RECORD

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

A comment that distinguishes this frame from other frames is recommended.
9  Place the cursor over [Approach point 1].
10 Jog the robot and touch up the reference point 1 with the pointer tool.

Approach pointl

Touch-up of approach point 1

11 While holding down the [SHIFT] key, press F5 [RECORD].
The current value's data will be input as approach point 1.
When the teaching has been done for [Approach point 1], [USED] is displayed for [Approach point
1].
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o 1 09“

SETUP Frames

Toocl Frame Six Point (XZ) 2/7
Frame Number: 1
X: 0.0 Y: 0.0 Z: 0.0
W: 0.0 P: 0.0 R: 0.0
Comment : HAND
Arproach point 1:  Ixidele)sisy:

12 e Approach point 2: UNINIT
Approach point J3: UNINLT
Orient Origin Point: UNINIT
X Direction Point: UNINIT
Z Direction Point: UNINIT

Point Recorded

[TYPE] [METHOD] FRAME  MOVE_T(Q| RECORD

12 Place the cursor over [Approach point 2].

13 Jog the robot and touch up the approach point 2 with the pointer tool.
Touch up the same point as approach point 1. However, change the robot attitude from that of
approach point 1.

‘Approach point2

Touch-up of approach point 2

14 While holding down the [SHIFT] key, press F5 [RECORD].
The current value's data will be input as approach point 2.
[USED] will appear for [Approach point 2].
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JOIN

/o
SETUP Frames
Tool Frame
Frame Number: 1

Six Point (XZ) 3/7

X: 0.0 Y: 0.0 Z: 0.0
W: 0.0 P: 0.0 R: 0.0
Comment: HAND
Approach point 1: RECORDED

Annroach point 2:  izio{ele)ie)o)
8 ———{Zpproach poine 5 niner ]
Orient Origin Point: UNLINLT
X Direction Point:
Z Direction Point:

UNINIT
UNINIT

Point Recorded

[ TYPE] [METHOD] FRAME MOVE_T( RECORD

15 Move the cursor to [Approach point 3].
16 Jog the robot and touch up the approach point 3 with the fixed pointer.
The position of approach point 3 is the same as approach point 1 and 2. However, the posture of

approach point 3 is different from the posture of approach point 1 and 2.

Approach point3

Touch-up of approach point 3

17 While holding down the [SHIFT] key, press F5 [RECORD].
The current value's data will be input as approach point 3.
As for the taught [Approach point 3], [USED] will appear.
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/o

SETUP Frames
Tocl Frame
Frame Number: 1

100

+ =[H
Six Point (XZ) 4/7

X: 0.0 Y: 0.0 Z: 0.0
W: 0.0 P: 0.0 R: 0.0
Comment : HAND
Approach point 1: RECORDED
Approach point 2: RECORDED
Arnroach noint - Rileleinin

18 —

X Direction Point:
Z Direction Point:

Orient Origin Point: UNINIT

UNINIT
UNINIT

Point Recorded

[TYPE] [METHOD] FRAME MOVE_TQ| RECORD

18 Move the cursor to the [System Origin Point].

19 Set the position and posture of the robot for Approach point 3 as the System Origin. While holding
down the [SHIFT] key, press F5 [RECORD].
The current position data will be recorded as the system origin of the frame.
[USED] will appear for the taught [System Origin Point].

20
21

/0

109

SETUP Frames

Tool Frame Six Point (XZ) 5/7
Frame Number: 1
X: 0.0 Y: 0.0 Z: 0.0
W: 0.0 P: 0.0 R: 0.0
Comment : HAND
Approach point 1: RECORDED
Approach point 2: RECORDED
Approach point 3: RECORDED
Oriant O TCORDE
20 UNINIT
Z Direction Point: UNINIT
Point Recorded

+ =[H

iEs [TYPE] [METHOD] FRAME MOVE TQ| RECORD

Move the cursor to [X Direction Point].

Jog the robot so that the X Direction Point becomes a point in the positive direction of the X-axis
parallel to the tool frame to be set. Then, perform teaching based on Cartesian or tool jogging so that
the posture of the robot does not change.
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Direction Point

Jog the robot in the positive X-axis direction
of the tool frame

User frame which is parallel to the tool frame

Jog the robot in the positive X-axis direction of the tool frame

22 While holding down the [SHIFT] key, press F5 [RECORD].
The current position data will be recorded as the X direction point.
[USED] will appear for the taught [X Direction Point].

o
SETUP Frames
Tocl Frame Six Point (XZ) 6/7
Frame Number: 1
X: 0.0 Y: 0.0 Z: 0.0
W: 0.0 P: 0.0 R: 0.0
Comment : HAND
Approach point 1: RECORDED
Approach point 2: RECORDED
Approach point 3: RECORDED
Orient Origin Point: RECORDED
X D = an_ Pain ECORDE
23— Z Direction Point: UNINIT
Point Recorded

25

[TYPE] [METHOD] FRAME  MOVE_TQ| RECORD

23 Move the cursor to [Z Direction Point].

24 Jog the robot so that the Z Direction Point becomes a point in the positive direction of the Z-axis
parallel to the tool frame to be set. Then, perform teaching based on Cartesian or tool jogging so that
the posture of the robot does not change.
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| ,Z Direction Point

Jog the robot in the positive Z-axis direction
of the tool frame

Orient Origin
./ Point

User frame which is pallarel to the tool frame

X
Jog the robot in the positive Z-axis direction of the tool frame
25 While holding down the [SHIFT] key, press F5 [RECORD].
The data of the current value is entered as the Z Direction Point.

When all the approach points are taught, [USED] is displayed for all reference points. The tool
frame is set.

/o

SETUP Frames

Tool Frame Six Point (XZ) 7/7
Frame Number: 1
X: 0.0 Y: 0.0 zZ 936.2
W: -180.0 123 0.0 R: 0.0
Comment: HAND
Approach point 1: USED
Approach point 2: USED
Approach point 3: USED
Orient Origin Point: USED
X Direction Point: USED
Z Direction Point: USED
New position calculated

HH [TYPE] [METHOD] FRAME MOVE_TO  RECORD

26  Press the [PREV] key.
The tool frame list page appears.

27 Check that the TCP is set accurately. Press F5 [SETIND] and enter a frame number. The set tool
frame is set as the currently effective tool frame.

28 Jog the robot and bring the target's reference point close to the tip of the fixed pointer tool.
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29 Jog the robot around TCP and change the posture (w, p, r) of the target. When the reference point of
the target is the center of rotation, TCP is set accurately.

1.2 FRAME SETTING WITH THE GRID FRAME SETTING
FUNCTION

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.

o000 OOOOD
CO000O0OOGSO

Example of a frame using a 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.

/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.
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1.2.1 Setup Procedures

Use the following setup procedures for the Grid Frame Setting Function.

1 Mounting the calibration grid

igs

2 Setting the Parameters

gs

3 Teach the start position

gs

4 Run measurement

1.2.2 Mounting the Calibration Grid

This section describes how to mount a 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 using a robot-mounted camera, the Grid Frame Setting Function can be
performed with the camera currently used. When using a fixed camera, prepare another camera for the
Grid Frame Setting Function. Then, perform the Grid Frame Setting Function using the camera attached
to arbitrary positions on the robot end of arm tooling.

/3

Robot mounted-camera

User frame

Calibration grid

Example of a calibration grid secured to a fixed surface
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When the calibration grid is mounted on the robot

When the calibration grid is mounted on the robot, a fixed camera is used to measure the position of the
calibration grid frame. The robot moves the calibration grid within the field of view of the fixed camera.

The Grid Frame Setting Function identifies the position of the calibration grid fram

e 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 enough
space to perform the calibration grid frame setting function with the camera currently used, prepare
another fixed camera to make it possible to perform the calibration grid frame setting function.

Eoe ) - J
a
'l / Calibration gri
- i

Tool frame

Example of a calibration grid attached to the gripper of the robot

/

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

Also, make sure to cover the printed text on the calibration grid.

is free of dirt and flaws. Laying out a plain sheet in the background is effective.

calibration grid

90
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1.2.3 Setting the Parameters

Use the [iRVision Utilities] page on the teach pendant to set the parameters.

1  On the teach pendant, press the [MENU] key, [iRVision], then [Vision Utilities], and press the
[Enter] key.
The iRVision Utilities page appears.

Yo

iRVision Utilities

2 l1 Automatic Grid Frame Set

1/2

DETAIL

2 Move the cursor to [Automatic Grid Frame Set] and press the [Enter] key.
The [Grid Frame Set] page appears.

10
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: A kXAREE
5 Exposure Time: 15.00 ms
6 Start Position: Not Recorded
7 Grid Spacing: 15.0 mm

Setting Result
Focal Distance: *EkXXEX  mm

[ TYPE ] DISP IMG LIVE FIND EXECUTE >

/A CAUTION
The [Grid Frame Set] menu cannot be opened in more than one window at a
time.
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The following items are displayed on the [Grid Frame Set] page.

[Robot Group Number to Use]
Specify the group number of the robot to be used for measurement.

[Set UFrame or UTool?]
Select the frame to be set with the Grid Frame Setting Function - user frame or user tool. To set the user
tool with the calibration grid mounted on the robot, select F4 [UTOOL]. To set the user frame with the
calibration grid secured to a table or other fixed surface, select F5 [UFRAME].

[User Frame Number to set]
Specify the number of the user frame to be set. You can specify any number in the range between 1 and 9.
This item is displayed only when [UFRAME] is selected for [Set UFrame or UTool?].

[Tool Frame Number to set]
Specify the tool frame number to be set. You can specify any number in the range between 1 and 10. This
item is displayed only when [UTOOL] is selected for [Set UFrame or UTool?].

[Camera Name]
Specify the camera to be used for measurement. Move the cursor to [Camera Name] and press F4
[CHOICE] to display the list of cameras. Choose the camera to be used for measurement from the list.

[Exposure Time]
Specify the exposure time for the camera to capture an image. The greater the value, the brighter the
image the camera can capture. 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 already been taught, [Recorded]
is displayed, and if the position has not been taught, [Not Recorded] is displayed.
When [Not Recorded] is displayed, measurement cannot be executed. Be sure to teach the start position
before starting measurement.

[Grid Spacing]

Set the grid spacing of the calibration grid in use.

[Setting Result]
This item is displayed when the measurement is complete. For details, refer to "Setup: 7.1.4 Checking the
Measurement Result" in "iRVision OPERATOR'S MANUAL (Reference) B-83914EN".

[Check Tool/User Frame Setting]
This item can be set after the measurement is completed. It cannot be set when the measurement has not
been completed. For details, refer to "Setup: 7.1.4 Checking the Measurement Result" in "iRVision
OPERATOR'S MANUAL (Reference) B-83914EN".

F2 [DISP IMG]
Pressing F2 [DISP IMG] provides a double-window display, with the vision runtime display (camera
image) shown on the right side.
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1/0 JOIN
iRVision/iRCalibration Utiliti iRVision Runtime
Grid Frame Set 4/8 YEEREEEENRN NN ]
1 Robot G urbe o 1 b oo 000000000
obot Group r to Use:
2 Set UFrame or Ulool?: TI0OL ...........
3 Tool Frame Number to set: 1 ...........
4 Camera Name: 1-1: SC13 oo oo PP oesoee
:}Eslxpnsu;e Time: . lg.ﬂﬂmm; LU B B BB B )
tart Position: ot Recorde
LA L ]
7 Grid Spacing: 30.0 mm OO O0O
S0 0000000
Setting Result LA LI B B N
Focal Distance: = = *%kk&x mm
Scale: *#%%%  mm/pix
Mean Error: 0000000 kkkss pix
Maximum Error: = = = = kR pix
& Set User frame for check: 1

[TYPE]  DISP IMG LIVE [CHOICE]  EXECUTE

F3 [LIVE]
Pressing F3 [LIVE] displays the live image of the selected camera on the vision runtime display, as the F3
label changes to [STOP LIVE]. If you press F3 [STOP LIVE], the display of the live image is stopped
and the F3 label returns to "LIVE".

F4 [FIND]
Pressing F4 [FIND] detects the calibration grid for a trial. The found result is displayed on the vision

runtime display.

F7 [DEFAULT]
The set values are initialized. [Camera Name] and [Start Position] will also be initialized and should be

set again.

F8 [LED TYPE]
The setting screen for the LED light integrated in the camera package will be displayed. For details on
LED lighting setup, refer to "Setup: 7.1.1.1 Setting the LED light" in "iRVision OPERATOR'S

MANUAL (Reference) B-83914EN".

F9 [MOVE_LIM]
The robot moves during the grid frame measurement process. The setting screen for limiting the amount
of robot movement during such measurement is displayed. For details on the setting to limit the amount
of robot movement, refer to "Setup: 7.1.1.2 Setting the move amount limit" in "iRVision OPERATOR'S

MANUAL (Reference) B-83914EN".
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1.2.4 Teach the Start Position

Teach the initial position according to the following procedure.

1 Ifthe Vision Runtime page is not displayed, press F2 [DISP IMG].

2  Move the cursor to [Start Position].

3 Move the robot so that the camera's optical axis is approximately perpendicular to the plate surface
of the calibration grid and that all four of the large black circles of the calibration grid are inside the
camera's field of view. The distance between the calibration grid and the camera should be a distance
at which the grid comes into focus, which is, under normal circumstances, roughly the same as the
distance at which camera calibration is performed.

/A CAUTION
There is no need to include the entire grid pattern within an image to be
captured. Some circles can extend beyond an image, but ensure that circles are

distributed over an image.

Camera field of view

£

Range of the camera's field of view

4 While holding down the [SHIFT] key, press F4 [Record].

The initial position is recorded, and the status of [Start Position] changes to [Recorded].
5  To check the value for the taught initial position, press F3 [Position].

The value for the initial position of each axis is displayed as follows.

vo

:Calibration Utiliti iRVision Runtime
Grid Frame Set YERENX]

@
'y
Start position .
J1:  -8.683 deg J4: 0.000 deg R

J2: 9.291 deg J5: -61.069 deg
J3: -28.931 deg J6: §.123 deg L S By X B
LI BB I B I Y
LI I Y
LGB I I Y

L B BN BN BN BN B BN ]
L B BN BN BN BN B N )
LR B BN BN BN BN BN NN ]

[ TYPE ] RECORD MOVE TO

To return to the previous page from this page, press the [PREV] key.
6 To move the robot to the taught initial position, press F5 [MOVE TO] while holding down the

[SHIFT] key.
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1.2.5 Run Measurement

Take the measurement according to the following procedure based on the taught initial position.

If the Vision Runtime page is not displayed, press F2 [DISP IMG].

Check the parameter settings on the [Grid Frame Set] page.

Check that the robot is in the initial position.

Hold the [SHIFT] key and press F5 [RUN].

The robot starts moving to execute measurement. The message 'Now executing' is displayed during
operation.

B~ WON

Busy Grid Frame Set{Main) Running[9/9]

Run | 1/0

iRVision/iRCalibration Utiliti [WH] irvision Runtime
Grid Frame Set o o & © ©

o o ¢ © o o |
i L
..0......‘
L
[

/A CAUTION

1 Releasing [SHIFT] while measurement is in progress stops the measurement. If
that happens, perform the measurement again. You can resume the
measurement from where it stopped.

2 During measurement, if you perform any operation that takes you to another
menu, such as pressing SELECT, the measurement is stopped. If that happens,
go to the [Grid Frame Set] menu again and perform the measurement again.
You can resume the measurement from where it stopped.

3 The robot usually performs operations within an expected range according to the
parameter setting. However, the robot can move beyond the expected range
depending on the parameter settings. When running the Grid Frame Set, check
that the related parameters are set correctly and decrease the override to 30%
or less to ensure that the robot does not interfere with peripheral equipment.

4 If another program is paused, the robot may not be able to move. 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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/o
iRVision/iRCalibration Utiliti
Grid Frame Set

Frame has been updated.

iRVision Runtime
hboossseon oo e

Execution of Grid Frame Set
succeeded.

Checking Measurement
A grid frame is set via measurement. The set grid frame can be checked be performing the following

procedure.

1

If Measurement Fails
If measurement fails, the following page appears.

jo
iRVision/iRCalibration Utiliti
Grid Frame Set

Execution of Grid Frame Set
was aborted.

Grid frame Set again.

Please fix the problem and run

.
oo oo PP e oo
poroevsevsecee
proevsessevee

AAEEEEFEEREN]

Press F4 [OK] to return to the grid frame setup screen.

Set the manual-feed coordinate system to the grid frame setting coordinate system.
For a tool frame, press the [COORD] key, and change to [TOOL].
For a user frame, press the [COORD] key, change to [USER], and for [Tool] in the jog menu,
specify the tool frame number specified for [Camera UTOOL] by using the number keys.

Press F3 [LIVE] to start live image display and jog the robot around the WPR of the selected tool
frame. In the live image display, if the center position of the gird pattern is not far off the center line
of the image, there is no problem.

iRVision Runtime
b oooosss e e e
hoossscennsee
hbooosePeceoece
pooseocecBoeoece
poeseeQooe
peessescoeo s
poerescssssse
poecseceosss

L]

e
e
o e
o e
proecsssessanae

e o 00

Press F4 [OK] to return to the previous page.
After changing the set parameters, press F5 [EXECUTE] while holding down the [SHIFT] key to perform

the measurement again.

TROUBLESHOOTING".

If the grid frame setting process fails,

"Appendix: A
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2 CAMERA CALIBRATION REFERENCE

This section describes robot-generated grid calibration, which is a camera calibration method.

2.1 ROBOT-GENERATED GRID CALIBRATION

Robot-generated grid calibration is a general-purpose camera calibration. The target mounted on the robot
arm is moved within the camera's field of view to generate virtual grid patterns which calibrate the
camera. Because a two-plane calibration is performed, it is possible to accurately determine the camera
position and lens focal length. The robot moves to automatically measure the position where the target is
mounted and the size of the camera's field of view.

Robot-generated grid calibration can be used for fixed cameras.

Fixed camera

An example of arobot-generated grid calibration layout
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Use the following steps to set up robot-generated grid calibration for 3D area sensors.

1. Selecting and Mounting Target

.

2. Creating a 3D Area Sensor Data

-

3. 3D Area Sensor Configuration

4. Calibration Setup

5. Train Model

(o]

. Calibration

eege e

~

. Checking Calibration Point

-

[0

. Checking Calibration Result
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2.1.1 Selecting and Mounting the Target

Select the target to be used for calibration.

Target Shape
The target must satisfy the following conditions:

e  The features to be taught are on the same plane.

e  The target has a geometry for which any rotation of 45 degrees or so can be identified.
e  The target has a geometry whose size can be identified.

Examples of appropriate/inappropriate target shapes are shown below.

D & D

Examples of appropriate target shapes

O

The rotation angle cannot be identified.  The size cannot be identified.
Examples of inappropriate target shapes

Target Size

Make sure that the size of the target, when captured as an image, is 80 to 100 pixels in both the vertical
and horizontal directions. For example, when the camera's field of view is about 900 mm (8-mm lens;
distance between camera and target is 2000 mm or so), prepare a target that is 120 to 160 mm in diameter.

Mounting the Target

Mount the target at the robot end of arm tooling. Make sure that the target does not get behind the robot
arm or the tooling even when the robot moves in the camera's field of view.

/A CAUTION

Make sure that the target is securely fixed to the robot arm so that it does not
move while the robot moves.

#MEMO

1 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 If positioning pins, etc. are used to mount the target in the same position every

time, you can reuse the previously generated calibration robot program when
recalibrating.
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2.1.2 Creating a 3D Area Sensor Data

Create 3D area sensor data and perform required settings.
For details, refer to "Basic Setup Procedures: 1.3 SETTING UP 3D AREA SENSOR DATA" and "Basic
Setup Procedures: 2.3 SETTING UP 3D AREA SENSOR DATA".

2.1.3 3D Area Sensor Configuration

Configure camera calibration and other settings for setting up 3D area sensor. This section uses the 3D
area sensor data created in "Basic Setup Procedures: 1.3 SETTING UP 3D AREA SENSOR DATA" as
an example for explanation.

Click the created 3D area sensor data on the vision data list screen, and click [Sensor Config] in the
navigation area. A screen similar to the one below appears.

iRVision Vision Setun - V 3DA_CAM

Sensor Calibration

Canfig Setup
2o R -] 0 Sensor Config &
iprofector 100 13
Select [1] for [Projector 1D]. — Camerat 11: scisoerz )
Camera2 1-2; sc130eF2 E3

Calib. Exposure 10,000/ ms B

Test Projector Pattern I} Frame n

Select the camera connected to [Camera 1]
and [Camera 2] each.

B

END EDIT

2.1.4 Calibration Setup

Set up calibration for two 3D area sensor cameras.

In the navigation area of the edit screen for the 3D area sensor data, click [Calibration Setup]. A screen
similar to the one below appears.

In the simple mode, an application frame is set to the world frame. If you want to set an application frame
to another user frame, switch the mode to the advanced mode, which allows you to set any user frame and
set the plane spacing and initial position.
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iRVision Vision Setup - V_3DA

Sensor Calibration

Config Setup
[ Z L) 6o EOETN - || 0 | Calibration Setup 5 |
. . . Robat to be offset Group 1§
For [Application Frame], specify the frame to be used Application Frame @ UF 0: WE B
as a reference frame for calibration. Camera Pions spocing _to00mm
calibration is performed with reference to the selected e
frame. Here, the world frame is used as the reference. Calibration areat N

Calibration area2 Full Window
Image Logging Mode @} Log Failed Inmgt-:;n

=NE

SAVE END EDIT

[Application Frame]
Select the frame used as a reference for camera calibration.
In robot-generated grid calibration, calibration is performed by moving the robot parallel to the XY plane
of the reference frame. Make sure that the optical axis of the 3D Area Sensor projector is almost parallel
with the Z-axis of the application frame. If the Z-axis of the world frame is not parallel to the optical axis
of the projector due to the installation of the 3D Area Sensor, set an additional user frame and select it as
the reference frame.

/A CAUTION
When specifying a user frame as the application frame, set the user frame prior
to camera calibration. If you change the user frame setting after performing
camera calibration, you will need to redo the calibration.

[Plane spacing]
Enter the spacing for the 1st and 2nd calibration planes in the text box. The optimal plane spacing is
approximately 10% of the distance between the camera and the 1st plane.
If the Z-axis of the application frame is directed toward the camera, setting a positive value will cause the
2nd plane to be located closer to the camera than the 1st plane, which reduces the risk of the robot
interfering with peripheral equipment while in operation.
If the Z-axis of the application frame is directed away from the camera, setting a negative value will cause
the 2nd plane to be located closer to the camera than the 1st plane.

[Initial position]

Specify the measurement start position. This start position should be set so that the target mounted on the
robot end of arm tooling comes roughly at the center of the camera’s field of view. Jog the robot to an
appropriate position as the measurement start position and click the [Record] at that position to record the
measurement start position.

The height of the start position is equal to that of calibration plane 1. During camera calibration, the robot
moves parallel to the XY plane of the application frame, while maintaining the posture of the start
position.
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References
|
Camera !

Second calibration plane
‘\

\
- First calibration plane
Target
I |

#MEMO

Initial position

If there is a problem such as the robot interfering with peripheral equipment, you

can narrow the range of the robot operation during calibration and the range of
finding the target by changing the settings for [Calibration area 1] and
[Calibration area 2]. For details, refer to "iRVision OPERATOR'S MANUAL
(Reference) B-83914EN".
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2.1.5

Train Model

Teach the model pattern for target detection.
In the navigation area of the edit screen for 3D area sensor data, click [Train Model]. A screen similar to
the one below is displayed. Teach the shape of the target to be used for calibration as the model pattern

for the GPM Locator Tool. After moving the robot to the recorded initial position, teach the model.

In the simple mode, items for which settings are frequently changed are displayed. When you switch to
the advanced mode, all the setting items are displayed. For details, refer to the description of GPM
Locator in "iRVision OPERATOR'S MANUAL (Reference) B-83914EN".

Enclose the target to be taught in a
rectangular window (a purplish red
rectangle) that is displayed by
clicking [Teach], and click [OK], and
then the model pattern will be taught.

The results of evaluation based on
three items, namely position, angle,
and scale, are displayed for [Training
Stability]. If N is displayed in even
one of the three items, calibration
cannot be performed, in which case
the shape of the target should be
changed.

For [DOF], as the standard minimum
and maximum values, -35 and 35 are
set for [Orientation], and 85% and
130% are set for [Scale]. Adjust them
as needed, though they normally do
not need to be changed.

Camera Cameral n
=)
&a Set Org
Training Stability Loc. G Ang. G Sca.G
Training Mask I Enable
Emphasis Area Enable
Score Threshold %
Contrast Threshold
i ]
DOF Enable Nom. Min. Max.
Orientation 2
Scale 130.0| %
Image Display Mode Pattern n

Show Almost Found @ ||

#MEMO
Set up the size of the rectangular window to be slightly larger than the target.
The position of the robot is controlled during measurement so that the area of
the rectangle window taught here is confined within the search window. So the
larger the trained rectangle is, the smaller the target mark displacement range is,
therefore more likely to decrease the accuracy of the camera calibration.

B-83914EN-6/02
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2.1.6 Calibration

Calibrate the cameras.

1  Inthe navigation area, click [Calibration].
The following screen appears.

iRVision Vision Setup - V_3DA_CAM

Config Setup

; S |
‘Callbration Not Exacul ~.1 2

B

END EDIT

N

Click the [Execute] button in [Calibration].

3 When the following confirmation screen appears, click [EXECUTE] while holding down the
[SHIFT] key on the teach pendant.

Camera data before executing calibration is saved and then calibration is executed.

iRVision Vision Setup - V_3DA_CAM

Press SHIFT + F4 to execute, or FS to Cancel.

Before executing, vision data will be saved with current state.

v
EXECUTE

CANCEL
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/A CAUTION
1 Calibration can only be executed on the teach pendant. This action cannot be

performed on the PC.

2 Calibration is terminated when you release the [SHIFT] key while calibration is
being executed. In such cases, redo the calibration.

3 The robot usually performs operations within an expected range according to the
parameter setting. However, the robot can move beyond the expected range
depending on the parameter settings. When executing the calibration, 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.

4 If another program is paused, the robot may not be able to move. In such cases,
press the [FCTN] key and end the programs.

5 When redoing a calibration that was suspended in the middle of execution, you
can start from the part where it ended the last time.

#MEMO
By switching to the advanced mode, you can change the target position setting
from automatic measurement to direct specification. For details, refer to
"iRVision OPERATOR'S MANUAL (Reference) B-83914EN".

2.1.7 Checking Calibration Point

Check the identified calibration points.
In the navigation area of the edit screen for the 3D area sensor data, click [Calibration Points]. A screen
similar to the one below appears.

iRVision Vision Setup - V_3DA_CAM

‘v QAR R R AR P

1111111 Calibration Train Model Calibration Calibration Calibration Sensor

Cunl':n Setup Points Result Setup
(e ] /] o ORI
. . . . yCamer a camera: 5
To check calibration points for an individual camera, [ oo i oo s, MO R 150

select the relevant camera in the [Camera] dropdown box. n‘ R 'im-nﬂm
1002 !‘)D l (sll‘| lf}!J 1 -7!!4 k ‘xU 1.3 num
1003 268.8 639.5 19942 -2843 5938 0.000

If there is an incorrectly detected point, either select the J_ 1004 5115 5198 19500 2622 5938 0.000

. - - - - H 005 10133 12621 1861.7 -394.7 5938 0.002
incorrect point in the points list or enter the point number e b e e LT T

i i i 1007 10066 1008.1 18617 -350.5 5938 0.000
into the [Point Number] text box, and click the [Delete] T o e e o
button 1009 1000.1 f60.7 185617 -306.4 5938 0.000
1010 996.9 639.5 1861.7 -284.3 5938 0.000
1011 9938 3198 18617 -262.2 593.8 0.000
1012 990.7 4017 18617 -240.1 5938 0.000
Podnt Number [

g

END EDIT

At the center of each dot found in the image, the calibration point on the 1st plane and that on the 2nd
plane are respectively shown as a blue and a green "+". In addition, each calibration number is displayed
at the lower right of the "+". A red "+" indicates the 3D position of each dot projected in the image using
the calculated calibration data. Since blue and green "+" are plotted after red "+", "+" will not be shown in
red if their positions match.
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In the item setup area, the following information on the calibration points is displayed.

[Camera]
Select the camera for which you want to check the calibration points from the drop-down box.

[Vi], [Hz]
The coordinate values of the found calibration points in the image.

[X]. Y], [Z]
The coordinate values of the grid to be offset on the user frame.

[Err]
The distance between the center of each green or blue "+" and the center of each red "+" plotted in the
image. The smaller this value, the more accurate the calibration. The unit is in pixels (pix).

Deleting a calibration point
When "+" in green appears at a point other than a grid point, delete the relevant calibration point
according to the following procedure.

1  Enter the index number of the calibration point that you want to delete in the text box on the left of
the [Delete] button.

2  Click the [Delete] button.
The specified point is deleted from the list and calibration data is recalculated.

2.1.8 Checking Calibration Result

Check the calculated calibration data.
In the navigation area of the edit screen for the 3D area sensor data, click [Calibration Result]. A screen
similar to the one below is displayed.

iRVision Vision Setup - V_3DA_CAM

1 ~ 7 a o 3 - « 4 4 o ol @ ~+Al7 b
;I-:I:.:.:: ‘e
Sensor i C C g
Cx

Calibration  Train Model G Sensor
,,,,, fig Setup Points Result Setup

ameral n
5 Make sure that the focal distance is roughly acculate, and
that the mean emor value and the maximum error value
fa ot too large.
Check that the value for [Focal ue
N . ocal Distance 12.00 mm
Distance] is correct. Lens Distortion 0.00000
- - — T Max Lens Distortion 0.0 pix
Scale ¥ 0.182 mim/pix
4 Mean error value 0.000 pix
Maximum error value ¥ 0.002 pix
7= i + Calib. pt. height range ¥ 3746 - 5038 mm
r‘- Target position

x 3000 Y 843 Z 8638

Check that the values for [Pos. of
Fixed Camera Relative to App.
UFrame] are correct.

Pos. of Camera Relative to App. UFrame
X 19500 ¥ 3345 Z 10027

w 70 P 0.0 R 0.0

END EDIT
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In the item setup area, the following information on the calibration result is displayed.

[Camera]
Select the camera for which you want to check the calibration result from the drop-down box.

[Focal Distance]
The calculated focal distance of the lens is displayed.
Check if the value is appropriate for the lens in use. The nominal focal distance is labeled on the lens.

[Lens Distortion]
The calculated lens distortion coefficient is displayed.
A larger absolute value indicates greater lens distortion.
Generally, lenses with shorter focal distances are said to have greater distortion. In robot-generated grid
calibration, the [Lens Distortion] measured here to accurately convert the image frame to the robot frame.

[Max Lens Distortion]
Expresses in pixels (pix) the size of the distortion at the location where the lens distortion is greatest.

[Scale]
The ratio of a millimeter (mm) to a pixel (pix) on the 1st plane.
The value indicates how many millimeters are equivalent to a pixel.
The scale value is approximate since the scale is not even throughout the entire image.

[Mean error value], [Maximum error value]
The average and maximum values of all the calibration points.

[Calib. pt. height range]
The range of Z height of the calibration points that have been found on the application frame.

[Target position]
The target position in the mechanical interface frame that has been measured during calibration.

[Pos. of Camera Relative to App. UFrame]
The position of the camera in the application frame is displayed.

[Create TP program for Re-Calibration]
Press the [Create] button to create a TP program for recalibration.
After clicking the [Create] button, specify the name of the TP program to be created.

/A CAUTION
A program for recalibration can only be created immediately after calibration has
completed. If the camera data is closed then, the program can no longer be
created. In such cases, redo the calibration and then create a program.

For details about [Sensor Setup], refer to "Basic Setup Procedures: 1.3.8 3D Area Sensor Setup".
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2.1.9 Automatic Recalibration

If the camera is misaligned or it has been replaced after starting the system for any reason, recalibration of
the camera is needed. If this is the case, use automatic recalibration to easily restore the calibration. Since
automatic recalibration restores the calibration without manual operation, mistakes in the calibration
operation can be prevented.

In robot-generated grid calibration, a recalibration program can be created using [Create TP program for
Recalibration] on the [Calibration Result] screen, and recalibration is performed by executing that
program from the beginning.

For details, refer to "Setup: 2.2.3.7 Automatic re-calibration” in "iRVision OPERATOR'S MANUAL
(Reference) B-83914EN".

/A CAUTION
In automatic recalibration, the target mount position will not be set again. Make
sure that the target is firmly fixed to the position at which calibration was initially
performed and will not move.
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3 3D AREA SENSOR REFERENCE

3.1 3D AREA SENSOR GUIDANCE

3D Area Sensors are 3D sensors consisting of two camera units and one projector unit. The 3D Area
Sensor obtains 3D information in the field of view by using the two camera units to capture multiple
stripe pattern images as projected by the projector unit. It can obtain the 3D positions of multiple points in
grid patterns from the area in the field of view all at once. Each acquired point is referred to as a 3D point,
and the entire set of the 3D points acquired each time is referred to as a 3D map.

The camera units and the projector unit of 3D Area Sensor should be mounted on a solid mounting
structure. Each unit of 3D Area Sensor needs to be securely mounted above the target container.

/N CAUTION
The 3D Area Sensor cannot be mounted on a robot.

3.1.1 Standard Layout

The figure below shows a standard layout for the camera units and the projector unit as seen from the
front. Fix the camera units and the projector unit to the same beam.

Distance between cameras

Projector Unit

am,
Left Camera FOV
‘ Projector FOV
‘ ' Right Camera FOV
Solid Pedestal
Container
b |

4/ A

Camera Standoff

Projector Standoff

7

Standard layout example for 3D Area Sensors (front)
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And the figure below shows the overhead view of the standard layout.

Right Camera FOV

/Projector FOV

Left Camera FOV

g

Left Right

Camera . . Camera
Unit Projector Unit Unit

Container

Standard layout example for 3D Area Sensors (overhead)

As seen from above, the camera units and the projector unit are placed in the same straight line. When the
camera standoff distance is fixed, as the distance between the two cameras is increased, the Z height
accuracy is improved but the blind spot increases. If the cameras are placed outside the container sidewall,
the measured target cannot be seen because of the wall, so place the camera units on the upper part inside
the wall.

The Z height accuracy (theoretical value) can be estimated roughly by using the following formula based
on the distance between the cameras and the camera standoff distance.

+ Longer Side of Camera FOV x Camera Standoff

Z accuracy = =+
Y Number of Pixels of Longer Side of the Image x Distance Between Cameras

/N CAUTION
The Z height accuracy calculated from the above formula is a theoretical value.
The actual Z height accuracy is affected by various factors such as the focus of
projected pattern, camera focus, ambient light, accuracy of each camera
calibration, etc.

The camera standoff and the projector standoff do not have to be the same, but the standoff of the two
camera units should be the same.

/AN CAUTION
Depending on the size of container and the required Z accuracy, there is a case
that mounting the camera units and the projector unit at different heights is
preferable.
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3.1.2 Camera Calibration

Grid Pattern Calibration and Robot-Generated Grid Calibration are available to calibrate the camera units
of 3D Area Sensor. The two camera units need to be calibrated in the same application frame.

3.1.3 Projection FOV and Standoff of Projector Unit

The projection FOV of the projector unit should cover the entire container with the height of the container
upper part.

3D Area Sensor calculates a certain number of 3D points within projector's FOV, e.g. 239x192 points if
Normal density mode is selected. Therefore, the spatial density or resolution of the measured 3D points
depends on the projector's FOV size. Therefore, the larger the projector's FOV is, the longer the spatial
distance of the measured 3D points is. lllumination power of the projector unit is limited.

Therefore, the larger the projector's FOV is, the lower the intensity of the pattern projected over the parts
is. In order to get good contrast between the bright stripes and the dark stripes of the projected patterns
and to acquire a 3D map as stably as possible, the projector's FOV should be as narrow as possible. It is
especially important when the color of the part is similar to the greenish color of the projector light and/or
the reflection ratio of the part surface is low.

Determine the projector's FOV then determine the proper standoff.

3.1.4 FOV of Cameras

As with the projection FOV of the projector unit, the FOV of the camera units should cover the entire
container. The FOV of the camera units affects the detection capability of the patterns projected by the
projector unit. For example, if the FOV of the camera units is too wide in comparison with the projection
FOV of the projector unit, it is difficult to acquire 3D points accurately because fine patterns would not
be clear enough in the image. Whenever possible, place the camera units and the projector unit so the
FOV of the camera units matches the projection FOV of the projector unit. In addition, adjust the
direction of the camera units so that the optical axis of the camera units roughly passes through the center
point of the container.

3.1.5 Ambient Lights

Ambient lights can affect the robustness of 3D Area Sensor. The stronger the ambient lights are, the less
stable the measurement results of 3D Area Sensor can be. If the intensity of ambient lights is too strong,
shade the container from the ambient lights.

/A CAUTION
The lighting for 2D detection should be turned off while acquiring 3D Area
Sensor.
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3.2 GENERAL DESCRIPTION OF 3D AREA SENSOR
FRATURES

Some major detection methods using the 3D Area Sensor are following.

Found result of 2D
Locator Tool

Find local highest positions Find a set of 3D points which are continuously-  Find 3D position by a method combined Find 3D position and posture by a method combined
distributed on a 3D map with 2D Locator Tool with 2D Locator Tool
3D Peak Locator Tool 3D Blob Locator Tool | 3D COG Measurement Tool | | 3D Plane Measurement Tool |

Broadly speaking, there are two detection methods that use 3D Area Sensors: '3D detection with only 3D
map' and '3D detection with combination of the 2D Locator Tool'. Note that the 2D Locator Tool finds on
images captured by cameras the same patterns that were taught on 2D images in advance. In this manual,
the 2D Locator Tool refers to the GPM Locator Tool and the CSM Locator Tool.

3.2.1 3D Detection with Only 3D Map

Parts are found only using 3D maps without images captured by cameras. If the orientation of a part
changes 3-dimensionally, then how the part is represented on the 2D image changes greatly. The ‘3D
Detection with Only 3D Map' is characterized by the ability to find parts stably without being affected by
the change in orientation. There are the following five types of '3D Detection with Only 3D Map'.

3D peak locator tool

3D Blob Locator tool
One-Sight-Model Locator Tool
3D Cylinder Locator tool

3D Gripper Finger Locator tool

There is also the 3D Data Preprocess Tool, which removes the 3D points causing false detection and 3D
points not needed for detection from the 3D map before detection by the above command tools.
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3.2.1.1 3D Peak Locator Tool

The 3D Peak Locator Tool finds positions of 3D points that are local peaks in a 3D point group.
3D Point Group Local Peaks

Detection by the 3D Peak Locator Tool

The 3D Peak Locator Tool performs a simple detection function to find locally high places from the piles
of parts in bulk within the container, so it can find almost all of the parts if their 3D point group can be
acquired. However, because the detected position on a part is always different every time this tool detects,
this tool is valid for those types of parts that can be suctioned by vacuum grippers regardless of the
approaching direction. For example, the following parts are suitable for this tool.

e  Spherical part

e  Cylindrical part

For details, refer to the description for the 3D Peak Locator Tool in "iRVision OPERATOR'S MANUAL
(Reference) B-83914EN".

Precautions

e The 3D Peak Locator Tool does not measure the orientations of parts. The orientation data acquired
by the 3D Peak Locator Tool correspond to the orientations selected for [Offset Frame] in the 3D
Area Sensor vision process. Therefore, the W, P and R values of found positions are always 0.

¢ Found local peaks are not always located at a specific pretrained position on the parts because this
function finds the highest positions of the part from the 3D map.

e For the above reason, this tool is not suitable for grippers that require both the position and
orientation data to grip parts. To pick up parts in bulk by using the 3D Peak Locator Tool, use a
vacuum or magnetic gripper that can pick up parts by using only the rough position information of
parts.
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3.2.1.2 3D Blob Locator Tool

The 3D Blob Detection Tool finds a set of connected points that are neighborhood points in a 3D point
group. If a set of connected points form a plane, it can also measure the plane.

3D Blobl

3D Point Group
@ Find a 3D blob

Normal vector of
plane formed by
the 3D Blob2

Normal vector of
plane formed by
the 3D Blob1l

Workpiece

Measure the plane formed by a 3D blob

Detection by the 3D Blob Locator Tool

The 3D Blob Locator Tool is valid for parts with a smooth and wide surface because it finds sets of
connected 3D points that are neighborhood points in the 3D point group. For example, the following parts
are suitable for this tool.

e Plate part

For details, refer to the description for the 3D Blob Locator Tool in "iRVision OPERATOR'S MANUAL
(Reference) B-83914EN".

Precautions

o If the 3D Blob Locator Tool is set up not to measure planes, the acquired +Z direction value of the
orientation is always identical to the +Z direction value of [Offset Frame] selected in the 3D Area
Sensor vision process. Therefore, the W and P values of found positions are always 0.

e  Since acquired 3D points vary depending on the orientations and piles of parts, the found positions
are not always output as the same positions on the parts.

e  For the above reason, this tool is not suitable for grippers that require both accurate position the
position and orientation data to grip parts. To pick up parts in bulk by using the 3D Blob Locator
Tool, use a vacuum or magnetic gripper that can pick up parts by using only the rough position
information of parts.
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3.2.1.3 3D One-Sight-Model Locator Tool

The '3D One-Sight-Model Loc. Tool' detects a 3D model pre-taught to the one sight of a part from 3D
data and outputs the 3D position and orientation.

With the '3D One-Sight-Model Loc. Tool', a 3D model is taught, but it also allows a model to be taught
from a 3D model acquired from the sensor and CAD data (STL file) to be used as a model.

In 3D one-sight-model detection, complex characteristics of 3D points are detected as a 3D model and
therefore found positions cannot stably obtained for planar parts. It is effective for parts in a stepped
shape or in a complex 3D shape with multiple curved shapes.

For details, refer to the description for the 3D One-Sight-Model Loc. Tool in "iRVision OPERATOR'S
MANUAL (Reference) B-83914EN".

Precautions
e  Parts in bulk may take a wider range of orientations. In response to such cases, use multiple 3D
one-sight model locator tools to teach a 3D model from multiple orientations, such as front and rear,
so that parts in various orientations can be matched with the 3D model.
e  When using a CAD data file as a 3D model, make sure that the file size is 10 MB or less. A larger
file size will take extremely long time for processing.

3.2.1.4 3D Cylinder Locator Tool

The '3D Cylinder Loc. Tool' is used to detect cylinder shape parts from 3D data.
The 3D Cylinder Loc. detects cylindrical parts in the following two steps.

1  Detect 3D blob from 3D data.

2  Detect a cylinder shape part from the detected 3D blob.

For details, refer to the description of the 3D Cylinder Loc. Tool in "iRVision OPERATOR'S MANUAL
(Reference) B-83914EN".

3D data Detecting 3D blob Detecting a cylinder
\ from 3D data shape part from 3D data
3D blob The result of the 3D cylinder
Part locator tool

Detecting a cylinder shape part
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Precautions

e The 3D cylinder detection function is used to detect a cylinder with the specified diameter and
length.

If the part is not cylinder shape, use the 3D One-Sight-Model Loc. Tool.

3.2.1.5 3D Gripper Finger Locator Tool

The 3D Gripper Finger Locator tool is effective in performing bin picking using a gripper that grips a part
by clipping it (hereafter, “chuck gripper").

Grip Depth

_-'\ Grip positions

Gripping area Finger Width

Finger
Spacing
Finger Thick
Chuck gripper model that uses Detecting Grip positions at which the part can
the 3D Gripper Finger Locator Tool be gripped with the chuck gripper

Example use of 3D gripping position detection tool

The 3D Gripper Finger Locator tool detects and outputs a position that it can easily grip the part based on the
set chuck gripper model and 3D data. For details, refer to the description of the 3D gripping position tool in
"iRVision OPERATOR'S MANUAL (Reference) B-83914EN".

This tool is effective for parts in bulk where spaces for easily gripping them with a chuck gripper are likely
to present.

It detects a location at which the chuck gripper can grip the part rather than the model of the part, teaching
for each part is not necessary once parameters have been set.

Precautions

e  The acquired +Z direction value output from the 3D gripping position detection function is always
identical to the +Z direction value of [Offset Frame] selected in the 3D Area Sensor vision process.
Therefore, the W and P values of found positions are always 0.
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3.2.1.6 3D Data Preprocess Tool

3D detection tools using only a 3D map basically use all the 3D points included in the 3D point group for
processing. Therefore, incorrect detection is caused by the inclusion of a set of 3D points that may include
the following unneeded 3D points: 3D points acquired from an area other than a part such as the bottom of
the container, and 3D points judged as outlier 3D points. Before processing with these tools, remove
unneeded 3D points. This is done by the 3D Data Preprocess Tool.

3D points of
container rim

3D points of container

3D points of part bottom

<Before preprocessing> <After preprocessing>
Result after removing unnecessary 3D points by the 3D Data Preprocess Tool

Also, if the container position changes for each container replacement, the data corresponding to the
container can be removed from the 3D point group by using the 3D Data Preprocess Tool together with
the Window Shift Tool. For details, refer to the description for the 3D Data Preprocess Tool in "iRVision
OPERATOR'S MANUAL (Reference) B-83914EN".

3.2.2 3D Detection with Combination of 2D Locator Tool and 3D
Map

3D detection is performed with a combination of 2D model detection. It is necessary to use 2D Locator
Tool for parts, but since they find a predetermined location on a part for the found position or the found
position and orientation, it is possible to grip parts by using those types of grippers that grip a given
location on parts such as the chuck. There are following four types of tools for performing 3D detection
with a combination of 2D model detection.

3D COG Measurement tool

3D Plane Measurement tool

3D Obstruction Measurement tool
3D Box Locator Tool
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3.2.2.1 3D COG measurement tool

The 3D COG Measurement Tool computes the center of gravity of the 3D point group in the
measurement area. Combining the result of this tool with a result of 2D locator tool makes it possible to
measure the 3D position of a part. For details, refer to the description for the 3D COG Measurement Tool
in "iRVision OPERATOR'S MANUAL (Reference) B-83914EN".

Result of CSM Locator Tool

3D points

Detection by the 3D COG Measurement Tool

Precautions
e  First, the detection by the 2D Locator Tool must be successful. If parts look very different depending
on their orientation, teach several model patterns.
e If the 3D COG Measurement Tool is used to acquire the position and orientation of parts, the
acquired +Z direction value of the orientation is always identical to the +Z direction value of [Offset

Frame] selected in the 3D area sensor vision process. Therefore, the W and P values of found
positions are always 0.

3.2.2.2 3D plane measurement tool

The 3D Plane Measurement Tool measures a plane from the 3D points in the measurement area.
Combining the result of this tool with the result of the 2D locator tool makes it possible to measure the
3D position and orientation of a part. It is also possible to compute the 3D position and orientation of
parts even if the location where the features included in the 2D model exist is not on the same plane as the
location for which the plane is measured. For details, refer to the description for the 3D Plane
Measurement Tool in "iRVision OPERATOR'S MANUAL (Reference) B-83914EN".

Result of GPM Locator Tool

Normal vector of
the measured plane

3D points

Detection by the 3D Plane Measurement Tool
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Precautions

e  First, the detection by the 2D Locator Tool must be successful. If parts look very different depending
on their orientation, teach several model patterns.

3.2.2.3 3D Obstruction Measurement Tool

The 3D Obstruction Measurement tool measures overlapping points and the overlap ratio. 3D points
obtained above the resulting plane specified by 3D points in the measurement area with a 3D Plane
Measurement tool are measured as overlapping points. The overlap ratio is the ratio of the number of 3D

points in the measurement area to the number of overlapping points.

Obstructing points Result of the 3D Plane

/ Measurement tool

3D points in the measurement area

Measuring overlapping points and overlap ratio using 3D points

The 3D Obstruction Measurement tool can only be used if the following conditions are satisfied.

e  Placed as a child tool of the GPM Locator Tool and the CSM Locator Tool.

e The 3D Plane Measurement tool is in the same level as the 3D Obstruction Measurement tool and
has been placed prior to the 3D Obstruction Measurement tool.

For details, refer to the description for the 3D Obstruction Measurement tool in "iRVision OPERATOR'S
MANUAL (Reference) B-83914EN".
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3.2.2.4 3D Box Locator Tool

The 3D Box Locator tool is effective in detecting palletized boxes, etc. It finds a part by detecting the top
of a box with the specified size with 3D data and camera images.

Detecting palletized boxes, etc. with 3D data and camera images and outputting 3D positions and
orientations

For details, refer to the description of the 3D box locator tool in "iRVision OPERATOR'S MANUAL
(Reference) B-83914EN".

Precautions
e  The following conditions need to be met to correctly find parts:

e  Parts are cuboids of the same size.

e  The same surface faces the sensor.
e  The surface facing the sensor is a plane (The tool cannot be applied to a part such as an open

top box as shown in the following figure).

Example of parts that can be found with the 3D Box Locator Tool
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3.3 UNMEASURABLE PARTS

3D Area sensor obtains 3D maps by using projected pattern light. Therefore, if the pattern light cannot be
captured with the 2 camera units, obtaining a 3D map is difficult. For example, the following parts are
suitable for this tool.

e  Transparent
o  Reflective
e  Thin wire

3.4 SETUP PROCEDURES OF 3D AREA SENSOR

This section explains the following setup procedures for 3D Area Sensor setup.

Adjusting the layout of 3D Area Sensor
Adjusting the focus of the projector unit
Adjusting the focus of the camera unit
Adjusting the conditions for acquiring a 3D Map

3.4.1 Adjusting the Layout of 3D Area Sensor

This subsection explains the procedures for adjusting the layout of the camera units and the projector unit.
Adjust the position of the projector unit according to the following procedure.

Projection of Test Projector Pattern
Project the test projector pattern to adjust the position of the projector unit.
1  Display the edit screen for the 3D area sensor data, and click [Sensor Config].
2  Select [Frame] from the [Test Projector Pattern] drop-down box and click [PRJ ON] to project the
frame pattern to the container where parts are placed. The following pattern is projected.

Projected frame pattern

3 Adjust the position of the projector unit so that the pattern is projected properly on the whole
container and the center of the pattern matches that of container.
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Adjustment of Camera Unit Position

Container

Example where the frame pattern is projected to the entire container

Next, adjust the camera unit position.
The camera units and the projector unit are placed in the same straight line. When the camera standoff

distance is fixed, as the distance between the two cameras is increased, the Z height accuracy is improved
but the blind spot increases. If the cameras are placed outside the container sidewall, the measured target
cannot be seen because of the wall, so place the camera units on the upper part inside the wall as shown in

the following figure.

Left
Camera
Unit

Projector Unit

Adjustment of Camera Unit Angle
Next, adjust the camera unit angle.

1
2
3

Container

Right
Camera
Unit

v
v

rd

Right Camera FOV

Projector FOV

Left Camera FOV

Standard layout example for 3D Area Sensors (overhead)

Display the edit screen for the 3D area sensor data, and click [Sensor Config].
Select [Frame] from the [Test Projector Pattern] drop-down box.
Click [SNAP]. Images from two cameras appear in the image view area. Adjust the position and
direction of the camera units so that the center of the pattern is located around the center of the

image and the entire container fits in the view.

122
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Center Line of image S

144

BEEEE!

i

=a ]
EEEERF!

| TREREER T
"Wi"“

AR T

Image of Camera Viewl Image of Camera View?2

/A CAUTION
When the container is displayed fully on the image, place a flat plate on the top
of the container and adjust so that the center of the pattern is located around the
center of the image.

3.4.2 Adjusting the Focus of the Projector Unit

This subsection explains the procedures for adjusting the focus of the projector unit. Adjust the focus of
the projector unit according to the following procedure.

pe—W Set screw to lock zoom adjustment ring (M3X2)
Note) Two set screws fase each other.
Don't loose these set screws.

* ¢ Focus adjustment ring
A Detail A Set screw to lock focus adjustment ring (M3X2)
Q Note) Two set screws face each other.
Packing B
Lens cover

Set screw to lock Lens cover (M3X1)

Hardware configuration example for the projector unit

1  Place something with a flat plane at the middle height of the range where measurement is to be
conducted with the 3D Area Sensors.
Loosen the M3 set screw that fixes the lens cover.
Turn the lens cover counterclockwise and remove the lens cover and packing.
4  Loosen two M3 set screws (at both faces) that fix the focus adjustment ring.
Be careful not to loosen the M3 set screws that fix the zoom adjustment ring.
5  Open the edit screen for the 3D area sensor data.

[CS N \S)
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6

7

Select [Stripe] from the [Test Projector Pattern] drop-down box and click [PRJ ON].

The stripe pattern is projected by the projector unit.

While observing the projected pattern, turn the focus adjustment ring to adjust the focus.

If the projector is in focus, you can see fine grid patterns from the projection device (DMD) (as
shown in the figure below).

-
’ 4

Tighten two Set Screws that lock Focus Adjustment Ring, and fix Focus Adjustment Ring.
Caution: If one of two Set Screws is tightening too much at a time, excessive pressure would be
applied to the projection lens. So be sure to screw them by bits alternately.

3.4.3 Adjusting the Focus of the Camera Unit

This subsection explains the procedures for adjusting the focus of the camera unit. Adjust the focus of the
camera unit according to the following procedure.

1
2

3

(G2

[op}

Remove the cover of the camera unit.

Display the edit screen for the 3D area sensor data, click [Sensor Setup] in the navigation area, and
select [11] from the [Intensity] drop-down box.

In the navigation area of the edit screen for the 3D area sensor data, click [Sensor Config] and enter
10.0 in the [Calib. Exposure] text box. The unit is milliseconds.

Loosen the set screw for the aperture.

While observing the images from the two cameras that appear in the image view area, adjust the lens
aperture for each camera.

Select [Stripe] from the [Test Projector Pattern] drop-down box and click [SNAP].

If there is an area where black stripes of the projected pattern cannot be seen because of halation,
close the lens aperture.

Il L IHIIHIIHIIIIHIIIIHIIIII{ jjIIIIIIIIIII | |

u‘ ul.l“llilln
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—

Area that dark stripe pattern
is not V|ewed

"'l‘l H'h / r
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If there is an area where the bright stripe cannot be viewed, then open the lens aperture.

Area that bright stripe pattern
is not viewed

8  Perform Step 5 while changing the part packing states to determine the lens aperture.

Tighten the set screw and turn it until the tip hits the edge of the lens.

After the tip of the set screw hits the lens side, further turn it 3/8 (135 degrees).

10 Loosen the set screw for the focus.

11 While observing the images from the two cameras that appear in the image view area, adjust the lens
focus for each camera.

12 Place something with a flat plane at the middle height of the range where measurement is to be
conducted with the 3D Area Sensors.

13 Select [Stripe] from the [Test Projector Pattern] drop-down box and click [SNAP].
Adjust the lens focus so that the boundaries between white stripes and black stripes can be identified
clearly as shown in the figure below.

A

Out of focus In focus

©

14 Tighten the set screw and turn it until the tip hits the edge of the lens.
After tip of set screw hits the lens side, rotate it 3/8 (135 degree).

3.4.4 Adjusting the Conditions for Acquiring a 3D Map

This subsection explains the procedures for adjusting the conditions for acquiring a 3D map when there is
an area where 3D points are not acquired. The condition should be adjusted in the following three steps.
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3.4.4.1 Confirming the condition of the area where 3D points are not
acquired

1  Display the edit screen for the 3D area sensor data, and click [7 Sensor Setup] in the navigation area.
2 Click [ACQ 3DMAP] to acquire the 3D map.
3 Check the area where 3D points cannot be acquired.

Area that 3D points can not be acquired.

4 In the navigation area of the edit screen for the 3D area sensor data, click [Sensor Config] and check
the stripe pattern status of the area where 3D points could not be acquired in the images from the two

cameras that appear in the image view area.
In the figure below, there is an area where black stripes of the projected pattern cannot be seen
because of halation, which means that the 3D points could not be acquired in that area.

i

i

B

1]] LR LA |u!

) | T
h Area that dark strlpe pattern 3 o
(il

I
" is not V|ewed

Image of Camera Viewl Image of Camera View2
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3.4.4.2 Adjusting the exposure time

In cases where 3D points cannot be acquired, reduce the exposure time if it is too bright and extend the
exposure time if it is too dark. Here, set up the exposure time so that the brightness of the entire view does
not change while in camera live mode according to the following steps.

1  Display the edit screen for the 3D area sensor data, and click [Sensor Config] in the navigation area.

2  Select [Black] from the [Test Projector Pattern] drop-down box and click [SNAP].

3 Make sure that the brightness of the entire view does not change in the images from the two cameras
that appear in the image view area.

3.4.4.3 Adjusting the intensity

After adjusting the Exposure Time, adjust the intensity of the projector.

1  Display the edit screen for the 3D area sensor data, and click [7 Sensor Setup] in the navigation area.

2  Change the value for [Intensity].

o If 3D points cannot be acquired because of the brightness, set [Intensity] to a value that is
smaller than the current value.

o |If 3D points cannot be acquired because of the darkness, set [Intensity] to a value that is larger
than the current value.

Click [ACQ 3DMAP] to acquire the 3D map.

4  Check the area where 3D points cannot be acquired. If there is an area where 3D points cannot be
acquired, proceed to Step 5.

5 In the navigation area of the edit screen for the 3D area sensor data, click [Sensor Config], select
[Stripe] from the [Test Projector Pattern] drop-down box, and click [SNAP].

6  Check the stripe pattern status of the area where 3D points could not be acquired in the images from
the two cameras that appear in the image view area, and proceed to Step 2.

7 If adjusting the [Intensity] value does not solve the issue of the area where 3D points cannot be
acquired, adjust the exposure time again.

w

If 3D points cannot be acquired by making the adjustments described in this section, try the adjustments
described in "References: 3.4.2 Adjusting the Focus of the Projector Unit" and "References: 3.4.3
Adjusting the Focus of the Camera Unit" again.

#MEMO
It is important to keep the projector intensity high to reduce the amount of
influence of disturbing ambient light and get a good contrast between the bright
and dark stripes.
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3.5 MACRO PROGRAMS

BINPICK_ACQUIRE3DMAP and BINPICK_CLEAR3DMAP are provided for 3D Area Sensor control.

BINPICK_ACQUIRE3DMAP
This program acquires a 3D map of the specified 3D Area Sensor. The BINPICK_ACQUIRE3DMAP
requires the following argument.

Argument 1:
Specify the vision data name of the 3D Area Sensor

BINPICK_ACQUIRE3DMARP is the following macro program.

: 1Acquires a 3D map of the
. Ispecified [3D Area Sensor].

: largl:Name of [3D Area Sensor]
: CALL ACQVAMAP(AR[1])

ORWN P

The function and the arguments of the macro program can be viewed by opening the macro program.

BINPICK_CLEAR3DMAP
This program clears a 3D map of the specified 3D Area Sensor. The BINPICK_ACQUIRE3DMAP
requires the following argument.

Argument 1:
Specify the vision data name of the 3D Area Sensor

BINPICK_CELAR3DMAP is the following macro program.

: IClears a 3D map of the specified
. 1[3D Area Sensor].

: largl:Name of [3D Area Sensor]
: CALL CLRVAMAP(AR[1])

g A wWN P

The function and the arguments of the macro program can be viewed by opening the macro program.
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4 INTERFERENCE AVOIDANCE REFERENCE

4.1 BASIC OPERATION FOR INTERFERENCE SETUP

This section explains the basic operation for the setup of data for the interference avoidance function.
The bin picking software has the pre-installed sample interference avoidance data, allowing the system to
be set up quickly. Add or delete data as necessary according to each actual application.

#MEMO
The number of data items that can be registered with the interference avoidance
function is limited. However, the maximum number of data items that can be
registered can be changed on the interference avoidance configuration screen
on the teach pendant. For details, refer to "Advanced Setup: 1.1
INTERFERENCE AVOIDANCE CONFIGURATION".

4.1.1 Operation for Interference Setup Data

To operate interference avoidance data, select [iRVision] — [Interference Avoidance Setup] in the robot
home page.

4.1.1.1 Creating new data

Use the following procedures to create interference avoidance data.

1  Click [CREATE] on the interference avoidance data list screen and a pop-up window appears for
creating new interference avoidance data.

Interference Setup

Create new interference avoidance data
Type nterference Setup (System) B8
Name

Select the type of interference avoidance data to create from the [Type] drop-down box.
Enter the name of the interference avoidance data in [Name].

4 Click [OK].

The interference avoidance data is newly created.

Click [CANCEL] to cancel creating new data.

w N
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4.1.1.2 Editing

Use the following procedures to open the edit screen for interference avoidance data.

1  Onthe interference avoidance data list screen, select the interference avoidance data to set.

2  Click [EDIT].
The interference avoidance data edit screen appears.

4.1.1.3 Copying

Use the following procedures to copy interference avoidance data.

1  On the interference avoidance data list screen, select the interference avoidance data to copy.
2  Click [COPY] and a pop-up window appears for entering the [Name] of the copy.

Interference Setup

x

CANCEL

Enter the name of the interference avoidance data in [Name].
Click [OK].

The copy is made.

Click [CANCEL] to cancel copying data.

W

4.1.1.4 Deleting

Use the following procedures to delete interference setup data:

1 Onthe interference avoidance data list screen, select the interference avoidance data to delete.
2  Click [DELETE] and a pop-up window appears for confirming deletion.
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Interference Setup
x
CANCEL
3 Click [OK].

The selected data is deleted.
Click [CANCEL] to cancel deleting data.

4.1.1.5 Renaming

Use the following procedures to rename interference avoidance data.

1 Onthe interference avoidance data list screen, select the interference avoidance data to rename.
2  Click [RENAME] and a pop-up window appears for renaming data.

Interference Setup

Rename V_SYS

Name

X

CANCEL

w

For [Name], enter the new name.

4 Click [OK].

The interference avoidance data is renamed.
Click [CANCEL] to cancel renaming data.

B-83914EN-6/02 131



4. INTERFERENCE AVOIDANCE REFERENCE References

4.1.2 Operating Objects

To work with objects, select [iRVision] — [Interference Avoidance Setup] in the robot home page. On
the ROBOT Homepage, select [iRVision], [Interference Avoidance Setup], and the interference
avoidance data to operate the object on the interference avoidance data list screen, and then click [EDIT]
to display the interference avoidance data edit screen.

4.1.2.1 Creating new data

Use the following procedure to create object data:

1 In the tree view of the edit screen for interference avoidance data, select an interference avoidance
data name and click the [EJ button. A screen similar to the one below appears.

iRVision Interference Avoidance Setup - V_SYS

Create new interference object data

Shape sphere B

%

CANCEL

2  Select the shape of the object to create from the [Shape] drop-down box.
3 Enter the name of the object in [Name].
4 Click [OK].

The object data is newly created.
Click [CANCEL] to cancel creating new data.

4.1.2.2 Renaming

Use the following procedure to rename object data:

1 Inthe tree view of the edit screen for interference avoidance data, select the object to rename.
2  Click the button in the tree view. A screen similar to the one below appears.
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iRVision Interference Avoidance Setup - V_SYS

Rename objl

Name

v x

0K CANCEL

Enter the new name of the object in [Name].
4 Click [OK].

The object data is renamed.

Click [CANCEL] to cancel renaming data.

w

4.1.2.3 Deleting

Use the following procedure to delete object data:

1 Inthe tree view of the edit screen for interference avoidance data, select the object to delete.
2 Click the Fil button in the tree view. A screen similar to the one below appears.

iRVision Interference Avoidance Setup - V_SYS

|Delete obji

%

CANCEL

3  Click [OK].
The object data is deleted.
Click [CANCEL] to cancel deleting data.
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4.1.2.4 Moving data up and down

Use the following procedures to move the object data up/down.
1 Inthe tree view of the edit screen for interference avoidance data, select the object to move.

2  Clickthe button in the tree view to move it up.
3  Click the button in the tree view to move it down.

4.2 INTERFERENCE SETUP (SYSTEM)

In an interference setup (system), set the position and size of the container from which to pick up parts. If
there is any object other than the container that needs interference checking (e.g., camera stand), set the
position and size of that object as well.

iRVision Interference Avoidance Setup - V_SYS

i 5
User Frame Numbaer 1@
Container 10 i - |
Container Pos. Origin 1000.0/ -500.0 700.0 m
Container Pos. X 2000,0 500.0 700.0 m
Container Pos. ¥ 1000.0/ 500.0 oo [IEZH
Container Depth 1000.0| mm
Container Margin{XY) 50,0/ mm
Container Margin(Z) 0.0/ mm
Contalner Offset VR [
™ B
SAVE END EDIT

4.2.1 Setting of User Frame Number and Container

The setting item area for system data contains the following parameters.

P1

1
User Frame Number Not Selected n I D
Container ID Not Use n |

[User Frame Number]
Select the number of the user frame to use as the reference from the drop-down box.
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[Container ID]
Select the container ID to use from the drop-down box. Once a container object is set, it is distinguished
from others by using this ID and can be used in other system data by specifying the same container ID.

[Container Pos. Origin]
Enter the position of P1 in the above figure in the text box. Clicking the [Set] button sets [Container Pos.
Origin] to the current robot position in the user frame that is set in [User Frame Number] and the tool
frame that is currently selected.

[Container Pos. X]
Enter the position of P2 in the above figure in the text box.

[Container Pos. Y]
Enter the position of P3 in the above figure in the text box.

[Container Depth]
Enter the D value in the above figure in the text box. The unit is mm.

[Container Margin (XY)]
Enter the XY-direction margin in the text box. The unit is mm. Setting a negative value makes the
container size larger by the set value.

[Container Margin (Z)]
Enter the Z-direction margin in the text box. The unit is mm. If a positive value is set, the height of the
top of the container is increased by the set value while the height of the bottom remains unchanged.
Setting a negative value reduces the height of the top of the container by the set value.

[Container Offset]

To change the location of the container according to the result of the vision process, set the number of the
vision register to use in [Container Offset]. To keep the location of the container unchanged, set 0.

4.2.2 Setting of Fixed Object Data

Set a fixed object by selecting the object name in the tree view of the edit screen.

iRVision Interference Avoidance Setup - V_SYS

User Frame Number Mot Selected £l
Container 1D ot use [E

n

SAVE END EDIT
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4.2.2.1 Spherical fixed object

The setting item area for spherical fixed objects contains the following parameters.

Shape Sphere

Shift Object Pos. ]

Radius mm

Center \ | Set
[Shape]

The shape of the fixed object that was selected when you created it appears.

[Shift Object Pos.]
To move the set fixed object together with the container, select this check box.

[Radius]
Enter the R value in the above figure in the text box. The unit is mm.

[Center]
Enter the position of P1 in the above figure in the text box. Clicking the [Set] button sets [Center] to the
current robot position in the user frame that is set in [User Frame Number] and the tool frame that is
currently selected. For [User Frame Number], refer to "References: 4.2.1 Setting of User Frame Number
and Container".

4.2.2.2 Cylindrical fixed object

The setting item area for cylindrical fixed objects contains the following parameters.

P1 R
Shape Cylinder \I-/
Shift Object Pos. ] |
Radius mm I
Base Centerl | | | Set I
Base Center2 | | | Set P — —I- —

[Shape]
The shape of the fixed object that was selected when you created it appears.

[Shift Object Pos.]
To move the set fixed object together with the container, select this check box.

[Radius]
Enter the R value in the above figure in the text box.
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[Base Centerl]
Enter the position of P1 in the above figure in the text box. Clicking [Set] sets [Base Centerl] to the
current robot position in the user frame that is set in [User Frame Number] and the tool frame that is
currently selected.

[Base Center2]
Enter the position of P2 in the above figure in the text box. Clicking [Set] sets [Base Center2] to the
current robot position in the user frame that is set in [User Frame Number] and the tool frame that is
currently selected.

4.2.2.3 Hexahedron shaped fixed object

The setting item area for hexahedron shaped fixed objects contains the following parameters.

P1 P3

-/

Shape Hexahedron |
Shift Object Pos. ] |
|
|
|
|

Base Corner Point et |

Depth Corner Point

Hmi
m|m®
|

Width Corner Point

Height Corner Point

[Shape]

The shape of the fixed object that was selected when you created it appears.

[Shift Object Pos.]
To move the set fixed object together with the container, select this check box.

[Base Corner Point]
Enter the position of P1 in the above figure in the text box. Clicking the [Set] button sets [Base Corner
Point] to the current robot position in the user frame that is set in [User Frame Number] and the tool
frame that is currently selected.

[Depth Corner Point]
Enter the position of P2 in the above figure in the text box. Clicking the [Set] button sets [Depth Corner
Point] to the current robot position in the user frame that is set in [User Frame Number] and the tool
frame that is currently selected.

[Width Corner Point]
Enter the position of P3 in the above figure in the text box. Clicking the [Set] button sets [Width Corner
Point] to the current robot position in the user frame that is set in [User Frame Number] and the tool
frame that is currently selected.

[Height Corner Point]
Enter the position of P4 in the above figure in the text box. Clicking the [Set] button sets [Height Corner
Point] to the current robot position in the user frame that is set in [User Frame Number] and the tool
frame that is currently selected.
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4.2.2.4 3D map fixed object

If another part is present around the part that you are trying to pick, picking may be obstructed by that
another part and fail. To prevent such cases, set the 3D map acquired from the 3D Area Sensor to the
fixed object shape. The setting item area contains the following parameters.

Shape 3D Map
Area Sensor Not Selected n
[3D Area Sensor]

Select the sensor data of the 3D Area Sensor to acquire a 3D map from the drop-down box.

A 3D map fixed object is shown as a yellow 3D point in 4D graphic.

o CMT_3DA_BP_ADVA> LINE O e} ABORTED el 10%

4D GRAPHICS Bin-Picking IA BE

> \' _

[ TYPE ] SELECT ZOOM ROTATE

When a tool object interferes with a 3D map fixed object in 4D graphic, the 3D point of the 3D map is
shown in light yellow.

#MEMO
When you create a 3D map fixed object, all 3D maps acquired with the 3D Area
Sensor set to the sensor data selected for [3D Area Sensor] are deemed as
ones to avoid interference.
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4.3 INTERFERENCE SETUP (ROBOT)

In the interference setup (robot), set data such as the position and size of grippers and other objects
mounted on the robot end of arm tooling as a tool object.

iRVision Interference Avoidance Setup - V_ROB

v

D HAND [

[

END EDIT

/A CAUTION
Set the position of grippers and other objects in terms of the mechanical
interface of the robot.

4.3.1 Setting the Tool Object

Set a tool object by selecting the object name in the tree view of the edit screen.

iRVision Interference Avoidance Setup - V_ROB
[ # |

-

[ vy
[Joenm
[Jcem

=T

SAVE END EDIT
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4.3.1.1 Spherical tool object

The setting item area for spherical tool objects contains the following parameters.

E& '{'f///
(RS
[
Shape Sphere 74
Type None n
Radius mm
Center | | R

[Shape]
The shape of the tool object that was selected when you created it appears.

[Type]
Select [Type] from the drop-down box. Select from [None], [Camera], and [Hand]. If [Camera] or [Hand]
is specified for [Type], interference can be avoided inside the container only for tool objects of the type
specified for [Search Pos. Inside Container] in the interference setup (condition) data that is described
later.

[Radius]
Enter the R value in the above figure in the text box.

[Center]
Enter the position of P1 in the above figure in the text box.

4.3.1.2 Cylindrical tool object

The setting item area for cylindrical tool objects contains the following parameters.

Shape Cylinder
Type None n
Radius mm

Base Centerl | | ‘
Base Center2 | | ‘

[Shape]
The shape of the tool object that was selected when you created it appears.

[Type]
Select [Type] from the drop-down box. Select from [None], [Camera], and [Hand]. If [Camera] or [Hand]
is specified for [Type], interference can be avoided inside the container only for tool objects of the type
specified for [Search Pos. Inside Container] in the interference setup (condition) data that is described
later.
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[Radius]
Enter the R value in the above figure in the text box. The unit is mm.

[Base Centerl]
Enter the position of P1 in the above figure in the text box.

[Base Center2]
Enter the position of P2 in the above figure in the text box.

4.3.1.3 Hexahedron shaped tool object

The setting item area for hexahedron shaped tool objects contains the following parameters.

A-Kff/ 3“

|
(R
i

Shape Hexahedron

Type None & ®P3

Base Corner Point | | | P
Depth Corner Point | | | y
| | |
| | |

Width Corner Point

Height Corner Point

[Shape]

The shape of the tool object that was selected when you created it appears.

[Type]
Select [Type] from the drop-down box. Select from [None], [Camera], and [Hand]. If [Camera] or
[Hand] is specified for [Type], interference can be avoided inside the container only for tool objects of the
type specified for [Search Pos. Inside Container] in the interference setup (condition) data that is
described later.

[Base Corner Point]
Enter the position of P1 in the above figure in the text box.

[Depth Corner Point]
Enter the position of P2 in the above figure in the text box.

[Width Corner Point]
Enter the position of P3 in the above figure in the text box.

[Height Corner Point]
Enter the position of P4 in the above figure in the text box.
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4.4 INTERFERENCE SETUP (CONDITION)

In an interference setup (condition), specify which of the following the created interference setup
(system) and interference setup (robot) is to be used for: Interference check, Interference avoidance, and
Wall avoidance. Items that must be set vary depending on the selection for [Type].

iRVision Interference Avoidance Setup - V_CND

Type Interference Avoidance 3
Utoal Number 1
“heck Mode Check Objects until Interference Check Fails u
Search Pos. Inside Container  None [l
ngle Between 2-axis And Pose 60.0, ©
Prior Position Minimum trans. n Trained Position n
Enable Minimum Maximum
X mm
mm
W v -30.0 0.0
P
R
Time Out 1000.0, M

[

END EDIT

4.4.1 Setting of Data Type

The setting item area for data types contains the following parameters.

Type Interference Check Kl

[Type]
Select [Type] from the drop-down box. Select [Type] from [Interference Check], [Interference
Avoidance], and [Wall Avoidance] according to the desired function. Even if [Interference Avoidance] or
[Wall Avoidance] is selected, specify the [Interference Check] settings that are described in the following

section.

4.4.2 Setting of Interference Check

The setting item area for the interference check contains the following parameters.

Utool Number Mot Selected @
Check Mode Check Objects until Interference Check Fails n

[Utool Number]
Select the number of the tool frame to use for the interference check from the drop-down box. If this
interference setup (condition) is used for the PICK positions, set the tool frame number which is set the
TCP of the gripper. If this is used for FINE positions, set tool frame number which is set the camera
frame or laser frame which is used in the FINE process.

[Check Mode]
Select either [Check Objects until Interference Check Fails] or [Check All Objects] from the drop-down
box. If [Check Objects until Interference Check Fails] is selected and interference with an object occurs
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during the interference check, no interference check will be performed on subsequent objects. If [Check
All Objects] is selected, all objects will be checked for interference.

4.4.3 Setting of Wall Avoidance

The setting item area is enabled when [Wall Avoidance] is selected for [Type]. It contains the following
parameters.

Distance of Avoldance 0.0/ mm

Distance of Avoldance(2) 0.0/ mm

[Distance of Avoidance]
Enter how far the robot end of arm tooling should move to retreat from the wall toward the center of the
container in the text box. The unit is mm.

[Distance of Avoidance(Z)]
Enter the Z-axis direction component for retreat in Wall Avoidance in the text box. The unit is mm.

4.4.4 Setting of Interference Avoidance

This can be set only if [Interference Avoidance] is selected for [Type]. It contains the following
parameters.

[Search Pos. Inside

fContainer tione K3
fngle Between Z-axis And
Prior Position Minimum trans. [l Trained position [

80.0/9

Enable Minimum Maximum
mm

mm

Time Out 1000.0| ms

[Search Pos. Inside Container]
Select the type of equipment from [None], [Camera], [Hand], and [All].
The avoidance position will be calculated so that the objects belonging to the specified type of equipment
will be inside the container.

[Angle Between Z-axis And Pose]
Enter the limit on the angle between the Z-axis of the user frame and the Z-axis of the tool frame selected
for [Utool Number] in the text box. The unit is degrees. The output avoidance position and posture will be
such that the o in the figure below does not exceed the value set here. If no such avoidance position and
posture is found, it is judged that the interference avoidance position and posture calculation failed.

o

Z-axis of tool frame

Z-axis of user frame

Limit on the Z-axis angle
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[Prior position]

Select the calculation method from the left drop-down box and the sorting method from the right

drop-down box to set the prior position.
It consists of three components as the followings.

Selection of
Sorting method

Selection of
Calculation method

Setup data for sorting

( )
Trained position — None
XVa”T — Position of a point on
specified point on the hand Is
.. farthest from the container wall the hand
Minimum Trans. . .

Z Position of a point on
A specified point on the hand is the hand

highest

Phase
The phase of the robot is closest to
that of the specified posture

Priority Position

Reference posture

Trained position [ None
Minimum R Wall Position of a point on
the hand
Z Position of a point on
the hand
4 y,

Prior position setup

1  Select the calculation method from the left drop-down box.
Select [Minimum trans.] or [Minimum R].
If [Minimum trans.] is selected, the avoidance position and posture displaced in the R direction is
preferentially calculated. If [Minimum R] is selected, the avoidance position and posture displaced
in the X and Y directions is preferentially calculated.

2 Select the sorting method from the right drop-down box.

If [Minimum trans.] is selected for the calculation method, [Trained Position], [Wall], [Z], or [Phase]
can be selected for the sorting method. Avoidance position and posture candidates displaced in the R
direction are sorted by the selected condition and then their avoidance position and posture are
calculated. Among the positions and postures that have succeeded in interference avoidance, those
that best match the selected condition are output. If [Minimum R] is selected for the calculation
method, [Trained Position], [Wall], or [Z] can be selected for the sorting method. Avoidance
position and posture candidates displaced in the X and Y directions are sorted by the selected
condition and then their avoidance position and posture are calculated. Among the positions and
postures that have succeeded in interference avoidance, those that best match the selected condition
are output. The figures in 'Sorting method selection example' below show examples in which [Wall]
is selected and sorting is performed in such a way that 3D Laser Vision Sensor moves away from the
wall of the container. The left figure below shows the sorting of avoidance positions and postures
when [Minimum trans.] is selected for the calculation method. The right figure below shows the
sorting of avoidance positions and postures when [Minimum R] is selected. In the right and left
figures, the squares and triangles represent the positions of 3D Laser Vision Sensor when it moves to
the avoidance position and posture candidates calculated from the avoidance range. Out of the
avoidance position and posture candidates calculated from the respective ranges that have been set,
specific avoidance positions and postures are calculated sequentially, starting with the triangle.
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Positions of a point of 3D Vision Sensor
calculated by a range of interference
avoidance in X and Y direction

Positions of a point of 3D Vision Sensor
calculated by a range of interference
avoidange in R direction

3D Vision Sensor

3D Vision Sensor

Wall of the container

Sorting method selection example

3 Set up data required for sorting.
If [Wall] or [Z] is selected for the sorting method, set the position of a single point from the flange of
the robot in the [Position from Robot Flange] text box. For this position, set the position on the
gripper of the robot that is farthest from the container wall or that is the highest in the user frame (for
example, the mounting position of the 3D Laser Vision Sensor).
If [Phase] is selected for the sorting method, set the robot posture data in the phase to be prioritized
(posture in the R direction of the tool frame) by clicking the [Set Posture] button in [Reference

Posture].
A specified point on the gripper is farthest from The phase of the robot is closest to that of the
the container wall specified posture

A specified point on the gripper is highest

3DV Sensor

Position of a point on the

hand (X, Y, 2) A posture that the robot locates a

specified prior phase (W, P, R)

Setup example of data required for sorting

[X], [Y], [W], [P], and [R]

Specify the avoidance range. If the [Enable] box is checked, set [Minimum] and [Maximum] for the
avoidance range. Set the amounts of change in the position and posture in the X and Y, W and P, or R
direction in the tool frame selected for [Utool Number]. If the X and Y avoidance range is enabled, the
avoidance position and posture as translated in the range such as a in the figure below are calculated. If
the W and P avoidance range is enabled, the avoidance position and posture as rotationally transferred
about the X- or Y-axis so that the W and P value shown in b in the figure below are in the specified range
are calculated. If the R avoidance range is enabled, the avoidance position and posture as rotationally
transferred about the Z-axis in the range such as c in the figure below are calculated. If multiple
avoidance ranges are enabled, the position is changed in the X and Y avoidance range, and the posture is
changed in the W and P avoidance range, and then the position and posture acquired by changing that
posture in the R avoidance range are calculated as the avoidance position and posture.
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Tool frame set in the condition

data of the interference avoidance 7
w
4 Y Y
Y P
X X X

a. Range of interference b. Range of interference c. Range of interference
avoidance in X and Y direction avoidance in W and P direction avoidance in R direction

Avoidance range example

[X Interval], [Y Interval], and [R Interval]

Specify the avoidance interval. If the [Enable] box is checked, set the avoidance interval. Usually, the
interference avoidance function automatically calculates multiple position and posture candidates from
the avoidance range that has been set. It outputs the positions and postures from the candidates that have
undergone interference avoidance. At this time, positions and postures calculated as candidates have
regular intervals. To specify the intervals, enable [X Interval], [Y Interval], or [R Interval], and set the
avoidance interval. For example, to set an avoidance range of -180 to 180 degrees in the R direction and
pick a part with the holes shown in the figure below with a gripper that has four vacuum cups, teach the
robot about the picking position in advance so that the individual vacuum cup come to the positions
indicated by dashed circles in the figure below, enable [R Interval] and set 90 degrees for the avoidance
interval.

Hole Touch up position by vacuum pad

Positions where the vacuum pad touches when picking a workpiece with holes

[Time Out]
Set the limit on the time that interference avoidance calculation can take. If the system is set so that

multiple avoidance positions and postures are to be acquired, those avoidance positions and postures that
are calculated within the time specified here are output.
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4.5 KAREL PROGRAM OF INTERFERENCE AVOIDANCE

The iRVision bin picking options provide the following KAREL programs for interference avoidance
function. These KAREL programs are invoked from a TP program to avoid interference. This section
describes the specifications of the KAREL programs provided.

IACHECK.PC
Calculates the interference between the tool object and the container or fixed objects that may occur when
the robot moves to the target position and posture, and then outputs O in the register if no interference
occurs or 1 if there is any interference. This program requires the following arguments.

Argument 1:
Specify the index number of the position register in which the target position is set. Using arguments
2 to 4, the position offset, vision offset, and tool offset can be applied to the target position to
calculate the interference at the offset target position.

Argument 2:
Specify the type of offset to be applied to the robot position specified in argument 1. If V is
specified, the vision offset is applied. If O is specified, the position offset is applied. Even if no
offset is applied, set either V or O.

Argument 3:
Specify the number of the vision register or position register where the offset value is set according
to the offset type specified in argument 2. Specify the number of the vision register to use for vision
offsetting if V is specified and the number of the position register to use for position offsetting if O
is specified. If no offset is applied, specify 0.

Argument 4.
Specify the index number of the position register to which to apply the tool offset. The tool offset is
applied in the same way as when J PR [ARG 1] VOFFSET, VR [ARG 3] Tool_Offset, PR [ARG 4]
or J PR [ARG 1] Offset, PR [ARG 3] Tool_Offset, PR [ARG 4] are specified. When not applying
the tool offset, specify 0.

Argument 5:
Specify the name of the interference setup (system) to be used.

Argument 6:
Specify the name of the interference setup (robot) to be used.

Argument 7:
Specify the name of the interference setup (condition) to be used.

Argument 8:
Specify the number of the register to output the interference check result to. The following result is
stored in the register.
0: No interference
1: An interference occurs

IACALAVOID.PC
Calculates the interference between the tool object and the container or fixed object that may occur when
the robot moves to the target position and the interference avoidance position (robot position where
interference can be avoided). To obtain the interference avoidance position and posture calculated by
IACALAVOID.PC, execute IAGETAVOID.PC that is described later. This program requires the
following arguments.

Argument 1:
Specify the index number of the position register in which the target position is set. Using arguments
2 to 4, the position offset, vision offset, and tool offset can be applied to the target position to
calculate the interference at the offset target position.

Argument 2:
Specify the type of offset to be applied to the robot position specified in argument 1. If V is
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specified, the vision offset is applied. If O is specified, the position offset is applied. Even if no
offset is applied, set either V or O.

Argument 3:
Specify the number of the vision register or position register where the offset value is set according
to the offset type specified in argument 2. Specify the number of the vision register to use for vision
offsetting if V is specified and the number of the position register to use for position offsetting if O
is specified. If no offset is applied, specify 0.

Argument 4:
Specify the index number of the position register to which to apply the tool offset. The tool offset is
applied in the same way as when J PR [ARG 1] VOFFSET, VR [ARG 2] Tool_Offset, PR [ARG 4]
or J PR [ARG 1] Offset, PR [ARG 3] Tool_Offset, PR [ARG 4] are specified. When not applying
the tool offset, specify 0.

Argument 5:
Specify the name of the interference setup (system) to be used.

Argument 6:
Specify the name of the interference setup (robot) to be used.

Argument 7:
Specify the name of the interference setup (condition) to be used. The interference setup (condition)
to be specified should have [Interference Avoidance] set in [Type] on the setup screen.

Argument 8:
Specify the index number of the register to which the number of calculated interference avoidance
positions is output.

Argument 9:
Specify the number of the register to output the status of the interference avoidance calculation to.
The following status is stored in the register.
0: Interference avoidance calculation succeeds.
11: All candidates of interference avoidance position are rejected by limitation of angle Between
Z-axis And Pose
12: Interference avoidance calculation timed out.
13: No interference avoidance position is found.

IAGETAVOID.PC
Obtains the interference avoidance position and posture calculated by IACALAVOID.PC and stores them
in the position register. When IAGETAVOID is executed, one of the interference avoidance positions
calculated by IACALAVOID is output. When IAGETAVOID is repeated, an interference avoidance
position other than the previously output one or ones is output as long as there is any different
interference avoidance position. This program requires the following arguments.

Argument 1:
Specify the name of the interference setup (system) to be used. Specify the same value that is
specified in IACALAVOID.

Argument 2:
Specify the name of the interference setup (robot) to be used. Specify the same value that is
specified in IACALAVOID.

Argument 3:
Specify the name of the interference setup (condition) to be used. The interference setup (condition)
to be specified should have [Interference Avoidance] set in [Type] on the setup screen. Specify the
same value that is specified in IACALAVOID.
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Argument 4:
Specify the index number of the register to which to output the result of the operation of obtaining
the interference avoidance position. The following status is stored in the register.
0: Successfully acquired the interference avoidance position and posture
1: Failed to acquire the interference avoidance position and posture

Argument 5:
Specify the index number of the position register to which to output the interference avoidance
position.

Argument 6:
Specify the index number of the position register to which to output the tool offset value. When the
robot picks up the workpiece at the interference avoidance position, the position of the gripper
relative to the workpiece becomes different from that of the original target position. This makes it
impossible to set the workpiece onto the fixture or machine. In that case, the tool offset needs to be
applied.

IAAVDWALL.PC
Calculates and outputs the position offset value to be used to make the robot end of arm tooling retreat
from the wall to the center of the container. This program requires the following arguments.

Argument 1:
Specify the index number of the position register in which the start position for wall avoidance is set.
Using arguments 2 to 4, the position offset, vision offset, and tool offset can be applied to the start
position to calculate the interference at the offset target position.

Argument 2:
Specify the type of offset to be applied to the robot position specified in argument 1. If V is
specified, the vision offset is applied. If O is specified, the position offset is applied. Even if no
offset is applied, set either V or O.

Argument 3:
Specify the number of the vision register or position register where the offset value is set according
to the offset type specified in argument 2. Specify the number of the vision register to use for vision
offsetting if V is specified and the number of the position register to use for position offsetting if O
is specified. If no offset is applied, specify 0.

Argument 4.
Specify the index number of the position register to which to apply the tool offset. The tool offset is
applied in the same way as when J PR [ARG 1] VOFFSET, VR [ARG 2] Tool_Offset, PR [ARG 4]
or J PR [ARG 1] Offset, PR [ARG 3] Tool_Offset, PR [ARG 4] are specified. When not applying
the tool offset, specify 0.

Argument 5:
Specify the name of the interference setup (system) to be used.

Argument 6:
Specify the name of the interference setup (robot) to be used.

Argument 7:
Specify the name of the interference setup (condition) to be used. The interference setup (condition)
to be specified should have [Wall Avoidance] set in [Mode] on the setup screen.

Argument 8:
Specify the number of the register to output the status of the wall avoidance calculation to. The
following status is stored in the register.
0: Successfully calculated the wall avoidance distance
1: Failed in the wall avoidance distance calculation

Argument 9:
Specify the index number of the position register to which to output the position offset value for wall
avoidance.
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D

PARTS LIST MANAGER REFERENCE

0.1

BASIC OPERATIONS OF PARTS LIST MANAGER

This section describes basic operations performed in Parts List Manager. One Parts List Manager is
provided for each parts list. At first, there is one parts list, so when the data list screen for Parts List
Manager is displayed, the setup data created for one Parts List Manager is shown.

#MEMO

The number of data items that can be used by a Parts List Manager. However,
the maximum number of data items that are available can be changed on the
screen for the Parts List Manager configuration on the teach pendant. For
details, refer to "Advanced Setup: 1.2 PARTS LIST MANAGER
CONFIGURATION".

51.1 Setting Type

Parts List Manager can be one of the following three types.

SEARCH

Select this type if your bin picking system does not perform the FINE process. Parts List Manager of
this type does not display items about the FINE process. This type of Parts List Manager has been
created in advance.

SEARCH + FINE
Select this type if your bin picking system performs the FINE process. This type can be selected and
performed a bin picking system even if a bin picking system does not perform the FINE process.

Not Set
This type means that the type of a Parts List Manager is not set.

Before starting to set up a Parts List Manager, its type must be set. Set the type of a Parts List Manager
according to the procedure described below:

1
2

On the data list screen of Parts List Manager, select a Parts List Manager whose type is [NOT SET].
Click [EDIT].

150
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PARTS LIST MANAGER
Name Type
= SEARCH
§=2 NOT SET

3 A pop-up window appears for setting the type, so select a type for the parts list manager from the
[Type] drop-down box.

PARTS LIST MANAGER

The parts list manager 2 is nol set any type. Please set a bype.
Type searcH + Fine Bl

x

CANCEL

4 Click [OK].
The type is set.
Click [CANCEL] to cancel setting the type.

Opening the Parts List Manager Edit Screen

On the Parts List Manager edit screen, set items such as [SEARCH VP List] and [PICK Position List].
Use the following steps to display the edit screen for the parts list manager.

1  On the data list screen for parts list managers, select the parts list manager that you want to set up.
2 Click [EDIT].
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PARTS LIST MANAGER

MName
SEARCH

EDIT PTYPE

Changing Type
Change the type of a Parts List Manager according to the procedure described below:

1 On the data list screen for parts list managers, select the parts list manager that you want to change
the type of.

2 Click [PTYPE].

3 A pop-up window appears for confirming the type change.
The type is changed.
Click [CANCEL] to cancel changing the type.

Even if you have changed the type of the Parts List Manager from [SEARCH + FINE] to [SEARCH],

setting data about the FINE process is saved. So if you have changed the type of the Parts List Manager
from [SEARCH+FINE] back to [SEARCH], setting data about the FINE process is restored.

PARTS LIST MANAGER

Do you want to change the type of the parts list manager 1 to SEARCH + FINE ?

x

CANCEL
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51.2 Displaying the Desired Edit Screen of Parts List Manager

Parts list managers have several edit screens including [SEARCH VP List] and [Parts List Manager
Setup]. Use the following procedures to change the edit screen.

1 On the data list screen for parts list managers, select the parts list manager that you want to change
the edit screen for.

2 Click [EDIT].
An edit screen similar to the one below appears.

3 Click [PAGE] and select an edit screen to display from the submenu.
The edit screen for the parts list manager is changed.

SEARCH VP List Parts Listl

V_3DA_SAMPLE

2 Not Set
Ison Process Name v_30A_SAMPLE B Trained Sample Vision Process for 3D Area Sensor
Img. Reg 4 - |
Priarity Measuremen t1 B
2 PICK Position List
3 push Part Data Setup
4 Status Setup List
5 Part Data Monitor

"¢ =

| PAGE | END EDIT

Changing List Data
To change the list data on an edit screen that displays a list and setting items such as [SEARCH VP List]
and [PICK Position List], use the following steps. Switch data in the list view according to the following
procedure.

On the edit screen for the parts list manager, click [EDIT].

Click [PAGE] and select an edit screen to display from the submenu.

Select the row of the list that corresponds to the data that you want to change.
Specify each setting item.

A wWN PR

SEARCH VP List Parts List1

Vision Process Name
Measurement ]

ision Process Name v_30A_SAMPLER]  1rained Sample Vision Process for 3D Area Sensor 3
Img. Reg ol 4

Priarity Measuremen t1
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5.2 BASIC RULES OF PARTS LIST MANAGER

This section describes the rules of the parts list and part data and things you need to know when using the
Parts List Manager.

Parts List and part data
The following rules apply to parts lists and parts data.

e  Data for parts lists and part data are lost when the robot controller power is shut off.

e  Use asingle parts list to manage part data for parts contained in one container.

e As an indicator of the timing when part data were added to parts lists, the number of pushes
performed after the robot controller power is turned on is used.

Number of pushes
e  When the robot controller power is cycled the number of pushes is initialized to 0.
e  When part data are pushed to a parts list after performing the following operations, the number of
pushes is incremented by one.
- Turn on the power of the robot controller again
- Pops a part data from a parts list

Status
The statuses that can be set for part data are shown below.

AWAITING
PICK SUCCESS
PICK FAIL
PICK IA FAIL
PICK CL FAIL
FINE SUCCESS
FINE FAIL
FINE IA FAIL
FINE CL FAIL

Data included in parts lists
A parts list includes the following data.

e  Part data list (detailed below)
e  Number of pushes performed after the robot controller powers up (Current Number of Pushes)
o  Number of pops performed after the robot controller powers up

Data included in part data
Part data includes the following data

e PartdatalD

The ID number is uniquely assigned to part data when the part data is pushed to a parts list. The part
data ID of the part data that is first pushed after the robot controller powers up is 1. The ID is
incremented by one each time a part is pushed.

Flag indicating whether the part data is popped

Status

Priority

Count of the blacklist
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5.3

Detection result by SEARCH vision process

The vision process name, model ID, found position, offset, ten measurements, and user frame
number in the found position are included.

Detection result by FINE vision process

The vision process name, model ID, found position, offset, ten measurements, and user frame
number in the found position are included.

Number of pushes when the part is found by the SEARCH vision process and the part data
corresponding to the found part is pushed to the parts list (Number of Pushes of Part Data)

This data of the part data in the blacklist is updated when the part corresponding to the part data in
the blacklist is found by the SEARCH vision process to the current total number of pushes. By
comparing this data with the current total number of pushes, you can see whether this part data has
been found recently.

Number of pushes of the parts list when this part data is pushed to the blacklist.

PARTS LIST MANAGER SETUP AND PART DATA
OPERATIONS

This section explains some necessary settings and operations for the following operations of the parts list
manager.

Clear all part data in a parts list

Push some part data to a parts list

Pop a part data from a parts list

Calculate a PICK position

Set a status for a popped part data

Calculate a FINE position

Execute a FINE vision process for a popped part data

5.3.1 Clear All Part Data in a Parts List

To clear all part data in a parts list, the following operations are required.

Call BINPICK_CLEAR in a TP program

5.3.1.1 Call BINPICK_CLEAR in a TP program

Call BINPICK_CLEAR in a TP program to clear all part data in a parts list. BINPICK_CLEAR requires
the following argument.

Argument 1:

Specify the index number of the Parts List.

BINPICK_CLEAR is the following macro program.

: IClears part data in a Parts
: IList.

largl:Parts List ID
: CALL IPCLR(AR[1])
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5.3.2 Push Some Part Data to a Parts List

To push some part data to a parts list, the following operations and settings are required.

Set up the SEARCH VP List.

Set up the parameters for deleting older part data when part data are pushed

Set up the parameters for checking for duplicate part data when part data are pushed
Call BINPICK_SEARCH in a TP program

5.3.2.1 Setting up the SEARCH Vision Process

Select [SEARCH VP List] from the sub menus displayed by clicking [PAGE] and set the vision process
you want to execute as the [SEARCH] vision process.

SEARCH VP List Parts Listl

ision Process Name v_30A_sAMPLE RN Trained Sample Vision Process for 3D Area Sensor
Img. Reg 4 - |
Priarity Measuremen t1 B

g

END EDIT

The setting item area contains the following parameters.

[Vision Process Name]
Select the vision process to execute as SEARCH from the drop-down box.

[Img. Reg]
If you want to use the image register function, select the number of the image register to use from the
drop-down box. If you do not want to use the image register function, select [0].

[Priority]
Select the measurement number (1-10) corresponding to the measurement to be set as the priority of part
data from the drop-down box.
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5.3.2.2 Set up the parameters for deleting older part data when part
data are pushed

When part data are pushed, older part data in terms of the number of pushes are deleted. Set how old the

part data should be for it to qualify for deletion. Select [Push Part Data Setup] for [PAGE] and set the
following items.

Dalebe Awaiting Part Data 1 Times of Push

Delete Part Data in Black List 5| Times of Push

e e ey

Range g - | 10.000| mm
Check Model 1D L

Measuremen t1 Enabla 0.000;
Measurement 2 Enable 0.000
Measurement 3 Enable 0,000
Measurement 4 Enable 0,000
Measuremen L5 Enable 0.000
Measurement 6 Enable 0.000
Measurement 7 Enable 0,000
Measuremen t8 Enabla 0.000
Measuremen t 9 Enabile 0.000
Measurement 10 Enable 0.000

"o =

[ PAGE ] END EDIT

The setting item area contains the following parameters.

[Delete Awaiting Part Data]
When part data is pushed, older part data (with a smaller number of pushes) is deleted. The following part
data is deleted from the parts list: Its status is [Awaiting] and the value (Current Number of Pushes —
Number of Pushes of Part Data) is greater than or equal to the value set in this text box.

[Delete Part Data in Blacklist]

When part data is pushed, older part data in the blacklist is deleted. The following part data in the
blacklist is deleted from the parts list: The value (Current Number of Pushes — Number of Pushes of Part
Data) is greater than or equal to the value set in this text box.

/A CAUTION

The deletion process of the part data is not performed for part data whose
Number of Pushes of Part Data is same as the Current Number of Pushes.

5.3.2.3 Duplication check

When new part data are pushed to the parts list, the new part data is checked to see if there is duplicate
part data in the parts list. If there is duplicate part data in the parts list, the following processes are done.

e  When the status of the duplicate part data is [Awaiting], the duplicate older part data is deleted and
the new part data is pushed to the parts list.

o  When the status of the duplicate part data is in the blacklist, the new part data is not pushed to the
parts list and the Number of Pushes of Part Data of the duplicate older part data is updated.

Select [Push Part Data Setup] from the sub menus displayed by clicking [PAGE] and set the parameters
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for checking for duplicate part data when part data are pushed.

Push Part Data Setup Parts Listl

Delebe Awaiting Part Data 1| Times of Push

Duplication Check

Range xv K& 10.000] mm
Check Model 1D ~

Measurement 1 Enable 0,000
Measuremen t2 Enable 0,000
Measurement 3 Enable 0.000/
Measurement 4 Enable 0.000
Measurement 5 Enable 0,000
Measuremen t 6 Enable 0,000
Measurement 7 Enable 0.000/
Measurement & Enable 0.000
Measurement 9 Enable 0,000
Measuremen t 10 Enable 0.000

@ S

[ PAGE ] END EDIT

[Range]
Set the distance between found positions that is used to determine whether multiple part data results in
duplication. Select the type of the distance to compute from the drop-down box and specify the threshold
of the distance in the text box. The unit is mm. The distance between the found position of the part data to
be pushed into the parts list and the found position of each existing part data in the parts list is computed.
If the computed distance is smaller than the threshold that is set here, the part data is considered to be
duplicate.

[Check Model ID]
Specify whether to check model ID when determining if data is duplicate. With [Enable] checked, even if
the conditions set in [Range] and [Measurement] are met, the part data with a different model ID is not
considered to be duplicate.

[Measurement 1] ~ [Measurement 10]
Set a threshold that is used to determine whether the relevant part data is duplicate by using differences in
measurement values in SEARCH results. Check the [Enable] check box for each measurement value that
you want to use for the duplication check and set a threshold in the text box. When the absolute difference
between the measurement value of the part data to be pushed into the parts list and the measurement value
of each existing part data in the parts list is larger than the value that is set here, the relevant part data is
not considered a duplicate even if the conditions set in [Range] and [Check Model 1D] are met.

/A CAUTION
A part data is considered a duplicate when all of the conditions set for a
duplication check are satisfied.

5.3.2.4 Call BINPICK_SEARCH in a TP program

Call BINPICK_SEARCH in a TP program to push some part data to a parts list. BINPICK_SEARCH
requires the following arguments.

Argument 1:
Specify the index number of the Parts List.
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Argument 2:
Specify the index number of the SEARCH vision process in SEARCH VP LIST.
Argument 3:
Specify the index number of a register to output the status of whether the SEARCH vision process is
successful. One of the following values is output as the status:
0: Some Part Data are added to the specified Parts List.
1: No Part Data is added to the specified Parts List.

BINPICK_SEARCH is the following macro program.

: 1Executes a SEARCH Vision

. IProcess. And Part Data are added
: Ito the Parts List according to

. Ithe Vision Process.

. largl:Parts List ID

: larg2:Index number of the SEARCH

1 VPinSEARCH VP LIST

: larg3:Index number of R[] to set

: 1 the SEARCH status

: 1 0O:Part Data are added

: 1 1:No Part Data is added

: CALL IMSEARCH(AR[1],AR[2],0,AR[3])

N UAWN P

el el
W N R O ©

5.3.3 Pop a Part Data from a Parts List

To pop a part data from a parts list, the following operation is required.

e Call BINPICK_POP in the TP program

/A CAUTION
The flag indicating whether the part data is popped is disabled after calling
BINPICK SEARCH.

5.3.3.1 Call BINPICK_POP in a TP program

Call BINPICK_POP in a TP program to pop part data from a parts list. BINPICK_POP requires the
following arguments.

Argument 1:
Specify the index number of the Parts List.

Argument 2:
Specify the index number of a register to output the status of whether the SEARCH vision process is
successful. One of the following values is output as the status:
0: SUCCESS
1: FAIL (No part data that can be popped)

Argument 3:
Specify the index number of a register to output the Model ID of the popped Part Data. This value is
used to identify the type of the SEARCH Vision Process result.

Argument 4.
Specify the index number of a register to output the ID of the popped part data. This argument can
be omitted. If omitted, the ID of popped part data will not be output.

BINPICK_POP is the following macro program.
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5.3.4

1Pops a Part Data from the
Ispecified Parts List.

largl:Parts List ID
larg2:Index number of R[] to set
I status
I 0:SUCCESS
I 1:FAIL

9: larg3:Index number of R[] to set
10: ' amodel ID of a popped Part
11: ' Data
12: larg4:Index number of R[] to set
13: ! apopped Part Data ID
14: 1 (omissible)
14: CALL IMPOP(AR[1],AR[2],AR[3],AR[4])

FPTHNME

Calculate a PICK Position

To calculate a PICK position, the following operations and settings are required.

e Setup
e Setup
e Setup
e CallBI
5.34.1

the parameters for calculating a PICK position

the parameters for calculating a robot position to approach a part
the reference PICK position

NPICK_GETPICKPOS in a TP program

Set up the parameters for calculating a PICK position

Select [PICK Position List] from the sub menus displayed by clicking [PAGE] and set the parameters for
calculating a robot position to pick up a part.

PICK Position List Parts Listl

1 For Bin Picking Sample TP Prograsm

--------------- aot Set Mot Set Mot Set
L “omment Far Bin Picking Sample TP Program I

[Vision Process Name v_3DA_SAMPLERR  rrained Sample Vision Process for 3D Area Sensor

Model 1D 0

Interference Setup

Icalculate 1A Enable

IASYS v sysBl  uea

IAROCB v_roe B

IACND veno B g

T ——

IACND v.eno Byt

lofs PR 0| Mot Used

[Tafs PR 10

Reference PICK Position

PICK PositionX ~ mm

PICK Position ¥ mm

PICK Position Z mm

PICK Pasition W
PICK Position P
PICK Position R

.
Set PICK Position Clear PICK Position

" M| B

[ PAGE | END EDIT

The setting item area contains the following parameters.

[Comment]
When multi

ple PICK positions are set, enter a comment to identify the relevant position. Up to 50

characters can be entered.
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[Vision Process Name]
Select the name of the vision process used to get offset data or found positions from the drop-down box.
When BINPICK_GETPICKPOS is called, a check is performed to determine if the SEARCH vision
program name stored in the part data matches the vision program name selected here and any mismatch
causes an alarm to be issued. With [Not Selected], no check is performed on the vision program name.

[Model ID]
Enter the model ID that is output by the vision process selected in the [Vision Process Name] text box.
When BINPICK_GETPICKPOS is called, a check is performed to determine if the SEARCH model ID
stored in the part data matches the model ID entered here and any mismatch causes an alarm to be issued.
If [0] is set, no check is performed on the model ID.

[Interference Setup]
Set up the interference avoidance.

[Calculate 1A]
Use this check box to select whether to calculate interference avoidance positions when the PICK
position is calculated. When this box is checked, the drop-down boxes for selecting interference
avoidance data that are located to the right of [IASYS], [IAROB], and [IACND] are enabled.
Interference avoidance positions are calculated using the selected interference avoidance data.

[IASYS]
Select the interference setup (system) data that you want to use for calculating interference
avoidance positions when the PICK position is acquired.
[IAROB]
Select the interference setup (robot) data that you want to use for calculating interference avoidance
positions when the PICK position is acquired.

[IACND]
Select the interference setup (condition) data that you want to use for calculating interference
avoidance positions when the PICK position is acquired.
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5.3.4.2 Set the parameters for calculating a robot position to
approach a part

Set the parameters for calculating a robot position to approach a part.

Approach position

PICK position (1A) :

The PICK position (I1A) is the position that Tool
4 | Offset by the Interference Avoidance Function is
applied to the PICK position

PICK position

%

User offset which is specified in a PR defined
in the [Approach Setup].

Approach position calculation setup

To calculate the robot position to approach a part, set the following parameters. An approach position is
calculated by applying the user offset specified in the [Approach Setup] to the PICK position (1A) shown
in the figure above.

PICK Position List Parts List1

Interference Setup

For Bin Picking Sample TR Program Nol Seb (V_SY5,V_ROBV_CND) 5 V.C

2 Not Set Not Set Not Set Not Set Mot Set
Comment For Bin Picking Sample TP Program
Use Found Position Enable
[Vision Process Name v_30a_saMPLERN  Trained Sample Vision Process for 3D Area Serrsor
Model 10 0
Interference Setup
Calculate 1A Enable v
IASYS vsvsBl ur1
IAROB v_ros §3

[ACND v enpB o
——

Approach Setup

IACND venoll ura

lofs PR 0| Not Used
Tofs PR 10

[F5)

PICK Position X mm
PICK Position ¥ mim
PICK Position 2 mm
PICK Position W
PICK Position P

PICK Position R

;
Set PICK Position Clear PICK Position

"¢ =

[ PAGE ] SA! END EDIT

The setting item area contains the following parameters.

[IACND]
Select the interference setup data (condition) that you want to use to calculate interference avoidance
positions at the approach position. The interference setup data (system) and interference setup data (robot)
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used to calculate interference avoidance positions at the approach position are those selected for [IASYS]
and [IAROB] in [Interference Setup].

[Ofs]
Enter the number of the position register where the position offset is set in the text box. The position
offset is applied to a PICK position to calculate a position to approach a part. If you don't want to apply
the position offset, set 0.

[TOfs]
Enter the number of the position register where the tool offset is set in the text box. The tool offset is
applied to a PICK position to calculate a position to approach a part. If you don't want to apply the tool
offset, set 0.

5.3.4.3 Set up the Reference PICK position

Set the reference PICK position to calculate a PICK position. Instead of them, the found position of the
vision process can also be output as the PICK position without setting the reference PICK position.

Setting the reference PICK position
To set the reference PICK position, use the current robot position and posture or use the Set Reference
Wizard.

PICK Position List Parts Listl

Refarence PICK Position
2 Mot Set Mot Set Mot Set Mot Set HNot Set
ICamme st For Bin Picking Sample TP Program
g Found Position Enable
ision Process Name v_30a_saMPLe B raine Sample Vision Process for 30 Area Sensor
Madel 1D 0
Interference Setup
[Calculate 1A Enable )
IASYS v sYysBl  uFa
IAROCB v_ros B
IACND veno Bl oot
Approach Setup
IACND v_eno Bl ur
[Ofs. PR 0| Not Used
Reference PICK Position
PICK Position X mm
PICK Position Y mm
PICK Position Z mm
PICK Position W
PICK Position P
PICK Position R by

B

END EDIT

The setting item area contains the following parameters.

[PICK Position X], [PICK Position Y], [PICK Position Z], [PICK Position W],

[PICK Position P], [PICK Position R]
The reference PICK position is displayed. When no reference PICK position is set, you cannot change it.
If you want to fine-tune a reference PICK position setup, change the value in the corresponding textbox.

[Set PICK Position] Button
Click the [Set PICK Position] button to set the current robot position and posture as the reference PICK
position.
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[Clear PICK Position] Button
Clears the reference PICK position setups.

[Start Set Reference Wizard] Button
Starts the Set Reference Wizard to set the reference PICK position. For details, refer to "References: 5.5
SET REFERENCE WIZARD".

Using found positions
To output the found position of the vision process as the PICK position without setting the reference
PICK position, set the following parameters.

PICK Position List Parts Listl

Calculate 1A Enable &)

IASYS vsysBl ur1
IARCB v_ros B3

IACND vene Bl oura
Approach Setup

1ACND venofl g

lofs PR 0 Mot Used
pri =

Reference PICK Position

" M| B

[ PAGE | END EDIT

[Use Found Position]
Check the checkbox if you want to use the found position as the PICK position.

[Set CONF of Pick Position] Button
If you want to use the found position as the PICK position, you must set the robot configuration to pick
up a part. Click the [Set CONF of Pick Position] button to set the robot configuration to pick up a part.

5.3.4.4 Call BINPICK_GETPICKPOS in a TP program

Call BINPICK_GETPICKPOS in a TP program to calculate a PICK position. BINPICK_GETPICKPOS
requires the following arguments.

Argument 1:
Specify the index number of the Parts List.
Argument 2:
Specify the index number of the PICK position in the PICK POSITION LIST.
Argument 3:
Specify the index number of a register to output the status including whether the operation of
obtaining the PICK position is successful. One of the following values is output as the status:
0: SUCCESS
12: Failed to get an interference avoidance position at the PICK position
13: Failed to get an interference avoidance position at the approach position
Argument 4:
Specify the index number of a position register to output the PICK position.
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Argument 5:
Specify the index number of a position register to output the tool offset value calculated by the
Interference Avoidance function. The outputted tool offset value is applied for the PICK position.
Argument 6:
Specify the index number of a position register to output an APPROACH position.
Argument 7:
Specify the part ID to obtain the PICK position. This argument can be omitted. If this argument is
omitted, the operation is done to the latest popped part in the parts list.

BINPICK_GETPICKPOS is the following macro program.

: ICalculates a PICK position.

: largl:Parts List ID
: larg2:PICK POS ID in the PICK
: 1 POSITION LIST
: larg3:Index number of R[] to set
I |A Status
: 1 0:SUCCESS

9: 1 12:Fail to calc PICK POS
10: ! 13:Fail to calc APPROACH POS
11: larg4:Index number of PR[] to set
12: I PICKPOS
13: larg5:Index number of PR[] to set
14: 1 1A offset value at PICK POS
15: larg6:Index number of PR[] to set
16: ! APPROACH POS
17: larg7:Part Data ID to obtain the
18: ! PICKPOS (omissible)
19: CALL IMGETPICKPOS(AR[1],AR[2],AR[3],AR[4], AR[5],
AR[6],0,AR[7])

©~NOo U WN P

5.35 Set a Status for Popped Part Data

The statuses that can be set for part data are shown below.

e AWAITING
When a part data is pushed to a parts list, the part data is set to this status. The part data whose status
is [Awaiting] is popped from the parts list as a candidate for the part data to be picked up.

e PICK SUCCESS
The status indicates that the operation to pick up a part is done successfully. The part data that
corresponds to the picked part is set to this status.

e PICKFAIL
The status indicates that the operation to pick up a part was unsuccessful. The part data that
corresponds to the picked part is set to this status.

e PICKIAFAIL
The status indicates that the calculation of a PICK position was unsuccessful. The part data that
corresponds to the part for which the calculation of a PICK position was unsuccessful is set to this
status.

e PICKCL FAIL
When a collision occurs in the middle of the robot moving to the PICK position, the part data that
corresponds to the part for which the PICK operation was attempted is set to this status.

e  FINE SUCCESS
The status indicates that the FINE vision process is done successfully. The part data that corresponds
to the part for which the FINE vision process was successful is set to this status.

e FINE FAIL
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The status indicates that the FINE vision process was unsuccessful. The part data that corresponds to
the part for which the FINE vision process was unsuccessful is set to this status.

FINE 1A FAIL

The status indicates that the calculation of a FINE position was unsuccessful. The part data that
corresponds to the part for which the calculation of a FINE position was unsuccessful is set to this
status.

FINE CL FAIL

When a collision occurs in the middle of the robot moving to the FINE position, the part data that
corresponds to the part for which the PICK operation was attempted is set to this status.

Parts List Manager performs the following processing on part data when setting the status for the part data
so that parts can be picked up efficiently by making the states of the parts in a container identical to the
states of the part data in the parts list.

Delete

Since a part is not present in the container if the part is picked up, the "PICK SUCCESS" status is set
for the part data corresponding to the part that was picked up and the part data is deleted from the
parts list.

When a part is successfully picked up, parts close to the part that was picked up may have moved. If
parts in the bin are moved, their data in the parts list is no longer valid. To prevent the robot from
trying to pick based on the invalid positions, it is necessary to delete the part data corresponding to
parts close to the part that was picked up before setting the "PICK SUCCESS" status for the part that
was picked up. This is explained below in the "Deleting part data™ section.

Registration in the blacklist

To prevent the robot from repeatedly trying to pick an unpickable part, it is necessary to set the
"PICK FAIL" status for the part data corresponding to the unpickable part and register the part data
in the blacklist. The registration in the blacklist prevents the unpickable part from being popped
again. A user specified positive count is set for the part data registered in the blacklist at the same
time. When the count is decreased to 0, the part data is removed from the blacklist and then deleted
from the parts list.

When the following statuses are set to a part data, the part data can be registered in the blacklist.

- PICK FAIL
- PICK IA FAIL
- PICK CL FAIL
- FINE FAIL
- FINE IA FAIL
- FINE CL FAIL

To set a status for a part data, the following operation and setting are required.

Set up the process when setting a status for a part data.
Call BINPICK_SETSTAT in a TP program

5.3.5.1 Set up the process when setting a status for a part data

Select [Status Setup List] from the sub menus displayed by clicking [PAGE] and set a process to be
performed according to the status set for each part data.

Selecting a status from the Status Setup List
The displayed [Status Setup List] edit screen contains a list view as shown below. The process to be
performed according to each status set for part data is displayed in each line in the list. Select the line that
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corresponds to the process you want to change. In a Parts List Manager whose type is [SEARCH], the
lines of [FINE FAIL], [FINE IA FAIL] and [FINE CL FAIL] are not displayed.

FINE FAIL

12 FINE TA FAIL Add to Black List No Operation No Operation
12 FINE CL FAIL Add to Black List No Operation No Operation
20 PICK SUCCESS Delete No Operation No Operation
21 PICK FAIL Add to Black List No Operation No Operation
22 PICK A FAIL Add to Black List No Operation No Operation
23 PICK Q1 FAIL Add to Black List No Operation No Operation

T T

Process Add to Black List Bl set count 1

Awaiting Part Data

Process Mo Operation n

Part Data in Black List

Process No Operation n

aRs G

[ PAGE ] END EDIT

After selecting status, set the following parameters.

Status Setup List Parts List1

FINE FAIL Add o Black List Dedete, <=10.0 Decrease COUNT, None

12 FINE [A FAIL Add to Black List No Operation Mo Operation
13 FINE CL FAIL Add to Black List No Operation No Operation
20 PICK SUCCESS Delete No Operation No Operation
21 PICK FAIL Add to Black List No Opesation No Operation
22 PICK A FAIL Add to Black List No Operation No Operation

~ — S—— S———— No Operation No q’-’(dtk}ﬂ

Target Part Data

Process Add to Black Ust Bl ser count 1

Awalting Part Data

Process Delete B

Range KYZ u 10,000, mm

Part Data in Black List

Process Decrease COUNT u 1

Range none 3

A G

END EDIT

[Target Part Data - Process]
Set the process to be performed for the target part data.

[Process]

Select the process to be performed for the target part data (part data for which a status is set). You
can select either of the two processes: [Add to Black List] or [Delete]. When [PICK SUCCESS] is
set for [Status], however, you can only select [Delete] as the process for target part data. If [Add to

Black List] is selected for [Process], set the count value for the blacklist in the [Set COUNT] text
box.
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[Awaiting Part Data]

Set the process to be performed for the awaiting part data.

[Process]

Select the process to be performed for the target part data. Select from [No Operation] and [Delete].

[Range]

When setting a status for the target part data, perform the set process for any part data in the
[Awaiting] status that are within the set range of the target part data. Set the range within which to
perform the process.

Select the type of the distance to compute from the drop-down box and specify the threshold of the
distance in the text box. The distance between the found position of the target part data and the
found position of each existing part data in the parts list that is in the [Awaiting] status is computed.
If the computed distance is smaller than the threshold that is set here, the process selected for
[Process] is performed. If [All] is selected from the drop-down box for selecting the distance type,
the selected process is performed for all the existing part data in the parts list that are in the
[Awaiting] status.

This item will not be displayed if [No Operation] has been selected for [Process].

[Part Data in Blacklist - Process]
Set up the part data in the blacklist.

[Process]

Select the process to be performed for the part data in the blacklist. Select [No Operation], [Delete],
[Set COUNT], or [Decrease COUNT]. If [Set COUNT] or [Decrease COUNT] is selected, enter the
number by which to set or decrease the blacklist count.

[Range]

When setting a status for the target part data, perform the set process for any part data in the blacklist
that are within the set range of the target part data. Set the range within which to perform the
process.

Select the type of the distance to compute from the drop-down box and specify the threshold of the
distance in the text box. The distance between the found position of the target part data and the
found position of each existing part data in the parts list that is in the blacklist is computed. If the
computed distance is smaller than the threshold that is set here, the process selected for [Process] is
performed. If [All] is selected from the drop-down box for selecting the distance type, the selected
process is performed for all the existing part data in the parts list that are in the blacklist.

This item will not be displayed if [No Operation] has been selected for [Process].
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5.3.5.2 Call BINPICK_SETSTAT in a TP program

Call BINPICK_SETSTAT in a TP program to set a status for the popped part data. BINPICK_SETSTAT
requires the following arguments.

Argument 1.
Specify the index number of the Parts List.

Argument 2:
Specify the status to be set to the popped Part Data. The following status can be set.
10: FINE SUCCESS

11: FINE FAIL
12: FINE IA FAIL
13: FINE CL FAIL

20: PICK SUCCESS
21: PICK FAIL
22: PICK IA FAIL
23: PICK CL FAIL
Argument 3:
Specify the part ID to set a status. This argument can be omitted. If this argument is omitted, the
operation is done to the latest popped part in the parts list.

BINPICK_SETSTAT is the following macro program.

: 1Sets a status to a popped Part
Data.

: largl:Parts List ID
: larg2:Status to be set
I 10:FINE SUCCESS
I 11:FINE FAIL
I 12:FINE IA FAIL
9: ! 13:FINE CL FAIL
!
!
}
}

0 N ook Wi

10: ! 20:PICK SUCCESS
11: ' 21:PICK FAIL

12: I 22:PICKIA FAIL
13: I 23:PICK CL FAIL

14: larg3:Part Data ID to set a
15: 1 status (omissible)
16: CALL IMSETSTAT(AR[1],AR[2],AR[3])

5.3.6 Calculate a FINE Position

To calculate a FINE position, the following operations and settings are required. Also, the type of the
parts list manager should be set to [SEARCH + FINE].

e  Set up the parameters for calculating a FINE position

e  Set up the reference FINE position
e Call BINPICK_GETFINEPOS in a TP program

5.3.6.1 Set up the parameters for calculating a FINE position

Select [FINE Position List] from the sub menus displayed by clicking [PAGE] and set data required for
getting a FINE position and a reference FINE position.
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FINE Position List Parts Listl

2 HNot Set Not Set Mot Set Not Set

ision Process Name v_30A_5AMPLE Bl Trained Sample Vision Process for 3D Area Sensar

Madel 1D 0
Interference Setup

[Calculate 1A Enable v

IASYS vsysBl ura
IARDB V_ROB u

IACND v_eno B ura

FINE Position X mm
FINE Position ¥ mm
FINE Position 2 mm
FINE Position W b
FINE Position P
FINE Position R

Set FINE Position Clear FINE Position
Start Set Reference Wizard

aRs G

[ PAGE ] END EDIT

[Comment]
When multiple FINE positions are set, enter a comment to identify the relevant position. Up to 50
characters can be entered.

[Vision Process Name]
Select the name of the vision process used to get offset data or found positions from the drop-down box.
When BINPICK_GETFINEPOS is called, a check is performed to determine if the SEARCH vision
program name stored in the part data matches the vision program name selected here and any mismatch
causes an alarm to be issued. With [Not Selected], no check is performed on the vision program name.

[Model ID]
Enter the model ID that is output by the vision process selected in the [Vision Process Name] text box.
When BINPICK_GETFINEPOS is called, a check is performed to determine if the SEARCH model 1D
stored in the part data matches the model ID entered here and any mismatch causes an alarm to be issued.
If [0] is set, no check is performed on the model ID.

[Interference Setup]
Set up the interference avoidance.

[Calculate 1A]
Use this check box to select whether to calculate interference avoidance positions when a FINE
position is obtained. When this box is checked, the drop-down boxes for selecting interference
avoidance data that are located to the right of [IASYS], [IAROB], and [IACND] are enabled.
Interference avoidance positions are calculated using the selected interference avoidance data.

[IASYS]
Select the interference setup (system) data that you want to use for calculating interference
avoidance positions when the FINE position is obtained.

[IAROB]
Select the interference setup (robot) data that you want to use for calculating interference avoidance
positions when the FINE position is obtained.
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[IACND]
Select the interference setup (condition) data that you want to use for calculating interference
avoidance positions when the FINE position is obtained.

5.3.6.2 Set up the reference FINE position

FINE Position List Parts Listl

2 HNot Set Not Set Mot Set Not Set
“ommant

ision Process Name v_30A_SAMPLE BBl Trained Sample Vision Process for 3D Area Sensar

Madel 1D 0

Interference Setup

[Calculate 1A Enable v

IASYS vsysBl ura

IARDB V_ROB u

liacun R -

Reference FINE Position

FINE Position X mm

FINE Position ¥ mm

FINE Position 2 mm
o

FINE Position W
FINE Position P
FINE Position R e

o = P

[ PAGE ] END EDIT

[FINE Position X], [FINE Position Y], [FINE Position Z], [FINE Position W],

[FINE Position P], [FINE Position R]
The reference FINE position is displayed. When no reference FINE position is set, you cannot change it.
If you want to fine-tune a reference FINE position setup, change the value in the corresponding text box.

[Set FINE Position] Button
Click the [Set FINE Position] button to set the current robot position and posture as the reference FINE
position.

[Clear FINE Position] Button
Clears the reference FINE position setups.

[Start Set Reference Wizard] Button
Click the [Start Set Reference Wizard] button to start the Set Reference Wizard to set the reference FINE
position. For the Set Reference Wizard, refer to "References: 5.5 SET REFERENCE WIZARD".
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5.3.6.3 Call BINPICK_GETFINEPOS in a TP program

Call BINPICK_GETFINEPOS in a TP program to calculate a FINE position. BINPICK_GETFINEPOS
requires the following arguments.

Argument 1.
Specify the index number of the Parts List.
Argument 2:
Specify the index number of the FINE position in FINE POSITION LIST.
Argument 3:
Specify the index number of a register to output the status of whether the operation of obtaining the
FINE position is successful. One of the following values is output as the status:
0: SUCCESS
11: NG
Argument 4:
Specify the index number of a position register to output the FINE position.
Argument 5:
Specify the index number of a position register to output the tool offset value calculated by the
Interference Avoidance function.
Argument 6:
Specify the part ID to obtain the FINE position. This argument can be omitted. If this argument is
omitted, the operation is done to the latest popped part in the parts list.

BINPICK_GETFINEPOS is the following macro program.

. ICalculates a FINE Position.

. largl:Parts List ID
. larg2:Index number of FINE POS in
! FINE POSITION LIST
: larg3:Index number of R[] to set
I |A status
: 1 0:SUCCESS

9: I 11:FAIL
10: 'arg4:Index number of PR[] to set
11: I FINE POS
12: larg5:Index number of PR[] to set
13: I 1A offset value at FINE POS
14: larg6:Part Data ID to obtain the
15: ! FINE POS (omissible)
16: CALL IMGETFINEPOS(AR[1],AR[2],AR[3],AR[4],AR[5],
AR[6])

5.3.7 Execute a FINE Vision Process for a Popped Part Data

To execute a FINE vision process for a popped part data, the following operations and settings are
required. Also, the type of the parts list manager should be set to [SEARCH + FINE].

e  Set up the parameters for executing a FINE vision process
e Call BINPICK_FINE in a TP program
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5.3.7.1 Set up the parameters for executing a FINE vision process

Select [FINE VP List] from the sub menus displayed by clicking [PAGE] and set the vision process you
want to execute as the FINE vision process.

FINE VP List Parts List1

Ision Process Name v_30A_sAMPLE Bl Trained Sample Vision Process for 3D Area Sensor
FINE Pos. 1D Not Selected n

g e

[ PAGE ] END EDIT

[Vision Process Name]
Select the vision process you want to execute as the FINE vision process from the drop-down box.

[FINE Pos. ID]
Select the ID of the FINE position you want to use. This item is used to calculate the position at which a
FINE vision process is executed in the Set Reference Wizard.

5.3.7.2 Call BINPICK_FINE in a TP program

Call BINPICK_FINE in a TP program to execute a FINE vision process. BINPICK_FINE requires the
following arguments.

Argument 1:
Specify the index number of the Parts List.
Argument 2:
Specify the index number of the FINE vision process in the FINE VP LIST.
Argument 3:
Specify the number of a register to which to output the status of this KAREL program. One of the
following values is output as the status:
0: SUCCESS
1: NG
Argument 4:
Specify the index number of a register to output the Model ID of the FINE Vision Process result.
Argument 5:
Specify the Part Data ID to execute the FINE Vision Process operation. This argument can be
omitted. If this argument is omitted, the FINE Vision Process operation is done to the popped Part
Data.

BINPICK_FINE is the following macro program.
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. 1IExecutes a FINE Vision Process.

. largl:Parts List ID
: larg2:Index number of the FINE VP
: 1 inFINE VP LIST
: larg3:Index number of R[] to set
I FINE Status
: I 0:SUCCESS
9: I L:FAIL
10: 'arg4:Index number of R[] to set
11: ' Model ID of FINE VP result
12: larg5:Part Data ID to set FINE
13: ! result (omissible)
14: CALL IMFINE(AR[1],AR[2],AR[3],AR[4],AR[5])

©O~NOUAWN R

54 PART DATA MONITOR

Select [Part Data Monitor] from the sub menus displayed by clicking [PAGE] and check parts list
information and information of part data in the parts list.

Part Data Monitor Parts Listl

Update TR P[::E:ushwalllnu Part EI;{[I 3! Part Data in Black
# | I | Pop | Status | COUNT |  Priority | Found |  VisionProcess | Modelib | x [ Y [ 2 |

Part ID
Pop
Status
Priority
(Add to Parts List

dd te Black List
Latest Found |
SEARCH Vision Process
SEARCH Model 1D
SEARCH Found Position
SEARCH Vision Offset
SEARCH Measurements
FINE Vision Process
FINE Model 1D
FINE Found d Position
FINE Vision Offset
FINE Measurements

Ed

END EDIT

Click the [Update] button on the edit screen to display the information on the parts list as shown in the
figure below:

F— -
| Num of Push: 2 g:go{s weaiting Part t:[n :»f Part Data in Block |

The setting item area contains the following parameters.

[Num of Push]
Number of times the part data were pushed into the parts list after the robot controller powered up.

[Num of Awaiting Part Data]
Number of part data items in the parts list whose status is [Awaiting]. When this value is 0, there are no
parts that can be picked up.
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[Num of Part Data in Black List]
Number of part data items in the blacklist in the parts list

The part data in the parts list appears in list view format.

Vision Process Model ID
V_3DA_SAMPLE
V_3DA_SAMPLE
V_3DA_SAMPLE
V _3DA SAMPLE
V_3DA_SAMPLE
V_3DA_SAMPLE
V_3DA_SAMPLE

1201.88

1197.34

1207.99

1211.35

1337.08 -268.91 70.¢
1449.22 -32.95 69
1452.08 -104.96 69.5y]

97.32
97.25
97.23

- B

1
2
3
4
5
6
7

cocofe~ o
[SENRNY . [N

R

The following items appear in the list view.

[#]

Order in the parts data

[ID]
ID of the part data.

[Pop]
Whether the part data is popped. When the part data is popped, 1 is displayed. When it is not popped, 0 is
displayed.

[Status]
Status of the part data. One of the following numbers indicating the status is displayed:

1: Awaiting

11: FINE FAIL

12: FINE IA FAIL
13: FINE CL FAIL
21: PICK FAIL
22: PICK IA FAIL
23: PICK CL FAIL

[COUNT]
Blacklist count when the part data is in the blacklist. When there is no part data in the blacklist, nothing
appears.

[Priority]
Priority of the part data.

[FIND]
Number of pushes when the part is found by the SEARCH vision process and the part data corresponding
to the found part is pushed to the parts list (Number of Pushes of Part Data). This data of the part data in
the blacklist is updated to the current total number of pushes when the part corresponding to the part data
in the blacklist is found by the SEARCH vision process. By comparing this data with the current total
number of pushes, you can see whether this part data has been found recently.

[Vision Process]
Name of the vision process executed as the SEARCH vision process.

[Model ID]
Model ID of the found result of the vision process executed as the SEARCH vision process.
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[X], [Y], [Z]
The found position of the part found by the vision process executed as the SEARCH vision process. The
found position is the position of the part in the offset user frame.

If you select a line in the list, more detailed information of the part data on the selected line is displayed
as shown below.

art 1D 26

op 0

Status Awaiting

Tiority 97.40

dd to Parts List 2

dd to Black List 0

atest Found 2

SEARCH Vision Process V_3DA_SAMPLE

SEARCH Model 1D 1

i (1207.99, -48.57, 71.40, 0.00, 0.00, 0.00)
{ -3.74, 3998, -2.21, 0.00, 0.00, 0.00)

{ 97.40, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00)

0

INE Found Position ( 0.00, 0.00, 0.00, 0.00, 0.00, 0.00)
INE Vision Offset ( 0.00, 0.00, 0.00, 0.00, 0.00, 0.00)
INE Measurements ( 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00. 0.00, 0.00)

The setting item area contains the following parameters.

[Part ID]
ID of the part data.

[Pop]
Whether the part data is popped. When the part data is popped, 1 is displayed. When it is not popped, 0 is
displayed.

[Status]
Status of the part data.

[Priority]
Priority of the part data.

[Add to Parts List]
Number of pushes when part data is added to the parts list.

[Add to Black List]
Number of pushes when part data is added to the blacklist.

[FIND]
Number of pushes when the part is found by the SEARCH vision process and the part data corresponding
to the found part is pushed to the parts list (Number of Pushes of Part Data). This data of the part data in
the blacklist is updated to the current total number of pushes when the part corresponding to the part data
in the blacklist is found by the SEARCH vision process. By comparing this data with the current total
number of pushes, you can see whether this part data has been found recently.

[SEARCH Vision Process]
Name of the vision process executed as the SEARCH vision process.

[SEARCH Model ID]
Model ID of the found result of the vision process executed as the SEARCH vision process.
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[SEARCH Found Position]
The found position of the part found by the vision process executed as the SEARCH vision process. The
found position is the position of the part in the offset user frame.

[SEARCH Vision Offset]
Vision offset for the vision process executed as the SEARCH vision process.

[SEARCH Measurements]
Measurement values obtained by the vision process executed as the SEARCH vision process.

[FINE Vision Process] 5
Name of the vision process executed as the FINE vision process. This item is displayed in the Parts List
Manager of [SEARCH + FINE] Type.

[FINE Model ID]

Model ID of the found result of the vision process executed as the FINE vision process. This item is
displayed in the Parts List Manager of [SEARCH + FINE] Type.

[FINE Found Position]
Position found by the vision process executed as the FINE vision process. This item is displayed in the

Parts List Manager of [SEARCH + FINE] Type.

[FINE Vision Offset]
Vision offset for the vision process executed as the FINE vision process. This item is displayed in the
Parts List Manager of [SEARCH + FINE] Type.

[FINE Measurements]
Measurement values obtained by the vision process executed as the FINE vision process. This item is
displayed in the Parts List Manager of [SEARCH + FINE] Type.
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References

9.5

SET REFERENCE WIZARD

Execute a vision process

Update Reference Position

Get the vision offset data of
the executed vision process

v

Move to a robot position
which is compensated by the vision offset

v

Teach the robot position

v

Set the position by subtracting the vision offset
from the taught robot position
as the reference position.

v

When you use the Parts List Manager, if you want to teach or reteach the reference position, use the Set
Reference Wizard.
To set up a reference position that is compensated for with a vision offset, the steps described in the
following figure are required. The Set Reference Wizard displays the steps described in the following

figure in wizard form. By following the steps displayed by the wizard, you can teach or reteach the
reference position.

Update Reference Data and

Reference Position
Reference data is set ?
v "

v

I Set the reference data of the vision process

|

Teach the robot position

v

Set the taught robot position

as the reference position

END

Reference position setting steps

The wizard allows you to teach the reference position easily without any errors even when the system has
many reference PICK positions or reference FINE positions. The Set Reference Wizard is started by
clicking the [Start Set Reference Wizard] button that appears when [PICK Position List] is selected from
[PAGE]. If the [Start Set Reference Wizard] button does not appear with [PICK Position List] being
selected, ensure that [Use Found Position] is not checked.
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551 Basic Flow of Set Reference Wizard Operations

When you use the Set Reference Wizard, follow the steps shown in the figure below to set one reference
position.

1. Execute the vision process selected in the [Vision Process Name] and get the vision offset data of the
vision process. *1*2

A 4

2. Specify whether to update the reference data with the found results.

A 4

3. Teach the automatically generated TP program (SET_POS.TP) about the reference position.

*1 When no data is set for [Vision Process Name], detection is not performed, and 0 is set for all the
offset elements [X], [Y], [Z], [W], [P], and [R].

*2 It is also possible to set the reference position found by a vision process when that process executes
detection. In that case, 0 is set for all the offset elements all the offset elements [X], [Y], [Z], [W],
[P], and [R].

Process steps for the Set Reference Position Wizard

The values obtained by subtracting the offset values acquired in Step 1 from the position and posture
taught to the TP program in Step 3 are set to the parts list manager as the reference position.

55.2 Details of Each Teaching Operation

After you start the Set Reference Wizard, the following screen appears for reviewing the teaching order.
Click [NEXT] and perform operations described in "References: 5.5.1 Basic Flow of Set Reference
Wizard Operations" for each reference position.

SET REFERENCE WIZARD Setup Sequence

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

Execute V_3DA_SAMPLE -> Setup V_3DA_SAMPLE Reference Data -> Setup PICK Position1

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

x

CANCEL
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Perform operations according to the following three screens to set a reference position.

[Vision Execution screen]
This screen is for executing a vision process to get a vision result.

[Reference Data Setup screen]
This screen is for confirming that the found position of the found result executed on the Vision Execution
screen is set as the reference data of its vision process.

Reference position setup screen
This screen is for confirming that the position taught to P [1] of the TP program is set as a reference
position.

The following flow chart shows how and when each screen appears.

' START '

Click [NEXT]

\ 4

[Vision Process Name] is not set?

Not set

Set

v I

Vision Execution Screen > Execute a vision process

Click [NEXT] Click [FIND]

! I

Reference Data Setup screen > Set a reference data

Click [NEXT] Click [SET]

v I

»
>

Reference Position Setup screen Set a reference position

Click [NEXT] Click [SET]

v

END

Screens that are part of the Set Reference Wizard

For details of operation corresponding to each screen, refer to the following subsections.
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5.5.2.1 Vision Execution screen

When a vision process is set to the [Vision Process Name], the Vision Execution screen is displayed as
follows.

SET REFERENCE WIZARD PICK Position1 Setup - Vision Execution

Please move the robot to detecting position for the following the vision process.
V_3DA_SAMPLE

Detect a part by the following vision process.

o x

FIND CANCEL

On the [Vision Execution] screen, the following function keys are available.

[NEXT]
The [Reference Data Setup] screen appears. At first, this function key is disabled and cannot be selected.
The function key is enabled after executing the vision process for detection.

[FIND]
Execute the vision process displayed on the screen. Open the Vision Runtime screen to confirm that the
found result is correct.

Before executing the vision process, note the following points:

e To execute SEARCH with the fixed cameras or the 3D area sensor, move the robot so that it is not
contained in the image, and then click [FIND].

e  To execute the vision process for detection with the cameras mounted to the gripper, move the robot
to a measurable position, and then click [FIND].

[CANCEL]
Terminate the wizard.
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5.5.2.2 Reference Data Setup screen

This screen is for confirming that the found position of the vision result on the Vision Execution screen is
set as the reference data of it. Please set the reference data of the vision process when no reference data is
set for the vision process or its reference data must be updated.

SET REFERENCE WIZARD PICK Positionl Setup - Reference Data Setup

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

PICK Positionl

Press [NEXT] to start next step.

CANCEL

On the [Reference Data Setup] screen, the following function keys are available.

[NEXT]
The [Reference Position Setup] screen appears. When the reference data for the vision process has already
been set and you want to reteach the reference position only, do not perform any operations on this screen,
and proceed to "References: 5.5.2.3 Reference Position Setup Screen™.

[SET]
Set the found position of the found result executed on the Vision Execution screen as the reference data of
its vision process.

When you use one vision process to compensate for multiple robot taught positions (reference positions),
if you update the reference data of the vision process, you must reteach all of the reference positions
displayed in the message (reference positions compensated for by the vision process). In the following
cases, click [SET]:

e No reference data is set for the vision process.

e It is necessary to modify a model found by pattern matching and update the reference data for the
vision process.

e You want to update the reference data for the vision process.

[CANCEL]
Terminate the wizard.
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5.5.2.3 Reference position setup screen

If you start the Set Reference Wizard at a reference position where the [Vision Process Name] setting
item is not set or if you click [NEXT] on the [Reference Data Setup] screen, the [Reference Position

Setup] screen appears and a program named SET_POS.TP as shown below is generated.

/A CAUTION
Pay careful attention because if a TP program named SET_POS.TP already
exists, its contents will be overwritten.

1: UFRAME_NUM=1
2: UTOOL_NUM=1
3: L P[1] 200mm/sec FINE

The following value is set to P [1]:

e  When the reference position has been set:

The position and posture obtained by applying the vision offset to the reference position and posture

e When no reference position is set:
The position found by the previously executed vision process

The following values are set for UFRAME_NUM and UTOOL_NUM:

e  When interference data has been set:

The user frame number and tool frame number selected in the interference data
¢  When no interference data is set and the reference position has been set:

The user frame number and tool frame number used for the reference position already set
e When neither interference data nor a reference position is set:

The currently selected user frame number and tool frame

The Reference Position Setup screen is as follows.

SET REFERENCE WIZARD FINE Positionl Setup - Reference Position Setup

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

When the reference position setting Is dene, press the [COMPLETE].

& x

SET CANCEL

On the [Reference Position Setup] screen, the following function keys are available.
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[NEXT], [COMPLETE]
Move to the next reference position setup screen. If there is no reference position to be set, [COMPLETE]
is displayed in place of NEXT.

[SET]
Set the reference position. The position and posture obtained by subtracting the currently obtained vision
offset from the position taught in P [1] in SET_POS.TP are set as the reference position in the Parts List
Manager. Click Set after moving the robot to the intended position and touching up P [1]. As described
above, the position and posture taught in the past or the position found by the vision process are set in P
[1] before reteaching. For this reason, you can execute the TP program to reproduce P [1] before teaching,
move the robot near the part, and then make adjustments by jogging to easily set the reference position.

[CANCEL]
Terminate the wizard.

5.6 KAREL PROGRAM

The following KAREL programs are available for part lists.

5.6.1 KAREL Programs of Parts List Manager

The Parts List Manager provides the following KAREL programs.

IMSEARCH.PC
Select a SEARCH vision process from the SEARCH VP LIST and execute the SEARCH vision process.
And some Part Data created by SEARCH vision process result are added to the parts list. This program
requires the following arguments.

Argument 1:
Specify the index number of the Parts List.
Argument 2:
Specify the index number of the SEARCH vision process in SEARCH VP LIST.
Argument 3:
Specify the number of a register to which to output the status of this KAREL program. One of the
following values is output as the status:
0: Some Part Data are added to the specified Parts List.
1: No Part Data is added to the specified Parts List.

IMPOP.PC
Pop a part data from the specified Parts List. This program requires the following arguments.

Argument 1:
Specify the index number of the Parts List.
Argument 2:
Specify the number of a register to which to output the status of this KAREL program. One of the
following values is output as the status:
0: SUCCESS
1: FAIL (No part data that can be popped)
Argument 3:
Specify the index number of a register to output the Model ID of the popped Part Data. This value is
used to identify the type of the SEARCH Vision Process result.
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Argument 4:
Specify the index number of a register to output the ID of the popped part data. This argument can
be omitted. If omitted, the ID of popped part data will not be output.

IMGETFINEPOS.PC
Calculate a FINE position from an offset value by a SEARCH vision process and a reference FINE
position. This program requires the following arguments.

Argument 1:
Specify the index number of the Parts List.
Argument 2:
Specify the index number of the FINE position in FINE POSITION LIST.
Argument 3:
Specify the index number of a register to output the status of whether the operation of obtaining the
FINE position is successful. One of the following values is output as the status:
0: SUCCESS
11: NG
Argument 4.
Specify the index number of a position register to output the FINE position.
Argument 5:
Specify the index number of a position register to output the tool offset value calculated by the
Interference Avoidance function.
Argument 6:
Specify the part ID to obtain the FINE position. This argument can be omitted. If this argument is
omitted, the operation is done to the latest popped part in the parts list.

IMFINE.PC
Select a FINE vision process from the FINE VP LIST and execute the FINE vision process. A found
result is set to a popped Part Data or a Part Data specified by Part Data ID. This program requires the
following arguments.

Argument 1.
Specify the index number of the Parts List.
Argument 2:
Specify the index number of the FINE vision process in the FINE VP LIST.
Argument 3:
Specify the number of a register to which to output the status of this KAREL program. One of the
following values is output as the status:
0: SUCCESS
1: NG
Argument 4:
Specify the index number of a register to output the Model ID of the FINE Vision Process result.
Argument 5:
Specify the Part Data ID to execute the FINE Vision Process operation. This argument can be
omitted. If this argument is omitted, the FINE Vision Process operation is done to the popped Part
Data.

IMGETPICKPOS.PC
Calculate a PICK position from an offset value by a FINE vision process or a SEARCH vision process
and a reference PICK position. This program requires the following arguments.

Argument 1:
Specify the index number of the Parts List.
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Argument 2:
Specify the index number of the PICK position in the PICK POSITION LIST.
Argument 3:
Specify the index number of a register to output the status including whether the operation of
obtaining the PICK position is successful. One of the following values is output as the status:
0: SUCCESS
12: Failed to get an interference avoidance position at the PICK position
13: Failed to get an interference avoidance position at the approach position
Argument 4:
Specify the index number of a position register to output the PICK position.
Argument 5:
Specify the index number of a position register to output the tool offset value calculated by the
Interference Avoidance function. The outputted tool offset value is applied for the PICK position.
Argument 6:
Specify the index number of a position register to output an APPROACH position.
Argument 7:
Specify the index number of a position register to output the tool offset value calculated by the
Interference Avoidance function. The outputted tool offset value is applied for the APPROACH
position.
Argument 8:
Specify the part ID to obtain the PICK position. This argument can be omitted. If this argument is
omitted, the operation is done to the latest popped part in the parts list.

IMSETSTAT.PC
Sets the status for popped Part Data. By executing the KAREL program, the process set on the Parts List
Manager edit screen is executed. This program requires the following arguments.

Argument 1:
Specify the index number of the Parts List.
Argument 2:
Specify the status to be set to the popped Part Data. The following status can be set.
10: FINE SUCCESS
11: FINE FAIL
12: FINE IA FAIL
13: FINE CL FAIL
20: PICK SUCCESS
21: PICK FAIL
22: PICK IA FAIL
23: PICK CL FAIL
Argument 3:
Specify the part ID to set a status. This argument can be omitted. If this argument is omitted, the
operation is done to the latest popped part in the parts list.

5.6.2 KAREL Programs for Customizing the Parts List

The following KAREL programs are available for customizing the parts list.

IPCLR.PC
Clears the part data in a parts list. This program requires the following arguments.

Argument 1:
Specify the index number of the Parts List.
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IPCRT.PC
Obtains the found result from the specified vision process and creates part data. This program requires the
following arguments.

Argument 1:
Specify the index number of the Parts List.

Argument 2:
Specify the name of a vision process.

Argument 3:
Specify the measurement number (1 to 10) for which the measurement to be set as the priority of the
created part data is set.

Argument 4.
Specify the number of a register to which to output the status of this KAREL program. One of the
following values is output as the status:
0: Successfully created part data.
2: Failed to create part data because there was no found result the vision process could output due to
a position not found error.
999: Failed to create part data due to an alarm other than a position not found error that occurred
during find operation by the vision process.

This KAREL program only creates part data and does not push it in the parts list. To push part data to the
parts list, after executing IPCRT.PC, execute IPPUSH.PC described below.

IPPUSH.PC
Pushes part data created by IPCRT.PC in a parts list. It is necessary to create part data using IPCRT.PC
before executing IPPUSH.PC. This program requires the following arguments.

Argument 1.
Specify the index number of the Parts List.
Argument 2:
Specify the number of a register to which to output the status of this KAREL program. One of the
following values is output as the status:
0: Successfully pushed part data in the parts list.
1: Failed to push parts data in the parts list because there was no part data that could be pushed.
999: Failed to push part data in the parts list due to an alarm other than the above (there was no part
data that could be pushed).
Argument 3:
Specify the number of a register to which to output the part data ID assigned to the pushed part data.

IPDEL.PC
Deletes the specified part data from a parts list. This program requires the following arguments.

Argument 1:
Specify the index number of the Parts List.
Argument 2:
Specify the ID of part data to be deleted from the parts list.
Argument 3:
Specify the number of a register to which to output the status of this KAREL program. One of the
following values is output as the status:
0: Successfully deleted part data.
1: Failed to delete part data because part data having the specified ID was not found.
999: Failed to delete part data due to an alarm other than the above (the target part data was not
found).
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IPPOP.PC
Places the specified part data in the popped state. This program requires the following arguments.

Argument 1:
Specify the index number of the Parts List.
Argument 2:
Specify the part data ID of part data to be popped.
Argument 3:
Specify a pop flag. Specify either of the following values:
1: Places part data in the popped state.
0: Places part data in the not popped state.
Argument 4.
Specify the number of a register to which to output the status of this KAREL program. One of the
following values is output as the status:
0: Successfully popped part data.
1: Failed to pop part data because part data having the specified ID was not found.
999: Failed to pop part data due to an alarm other than the above (the target part data was not found).

IPGTLSTPRM.PC
Outputs the value of a parameter such as the push count in a parts list to a register. This program requires
the following arguments.

Argument 1.
Specify the index number of the Parts List.
Argument 2:
Specify the name of a parameter the value of which you want to obtain. You can specify one of the
following parameter names:
NUM_PUSH: Specify this name to obtain the push count.
NUM_POP: Specify this name to obtain the pop count.
UPDATE_PUSH: Specify this name to obtain the flag indicating whether to update the push count.
Argument 3:
Specify the number of a register to which to output the status of this KAREL program. One of the
following values is output as the status:
0: Successfully output the specified parameter to the register.
999: Failed to output the specified parameter to the register.
Argument 4:
Specify the number of a register to which to output the parameter value.

IPSTLSTPRM.PC
Sets the specified value for a parameter such as the push count in a parts list. This program requires the
following arguments.

Argument 1:
Specify the index number of the Parts List.
Argument 2:
Specify the name of a parameter for which you want to set a value. You can specify one of the
following parameter names:
NUM_PUSH: Specify this name to obtain the push count.
NUM_POP: Specify this name to obtain the pop count.
UPDATE_PUSH: Specify this name to obtain the flag indicating whether to update the push count.
Argument 3:
Specify a value to be set for the parameter.
Argument 4:
Specify the number of a register to which to output the status of this KAREL program. One of the
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following values is output as the status:
0: Successfully set the specified value for the parameter.
999: Failed to set the specified value for the parameter.

IPGTPRTPRM.PC
Outputs the value of a parameter of part data to a register, vision register, or character register. This
program requires the following arguments.

Argument 1:
Specify the index number of the Parts List.

Argument 2:
Specify the ID of part data.
Argument 3:

Specify the name of a parameter the value of which you want to obtain. You can specify one of the
following parameter names:
STATUS: Status
LIFE_COUNT: Blacklist count
NUM_ADD: Push count when the part data is pushed in the parts list
NUM_BL.: Push count when the part data is set in the blacklist
PRIORITY: Priority
NUM_LAST_FOUND: Push count when the same part as the part data is found
POP_STAT: Flag indicating whether the part data is popped
SCH_RSLT: SEARCH result
FINE_RSLT: FINE result
SCH_NAME: SEARCH vision process name
FINE_NAME: FINE vision process name
Argument 4.
Specify the number of a register to which to output the status of this KAREL program. One of the
following values is output as the status:
0: Successfully output the specified parameter to the register, vision register, or character register.
1: Failed to output the specified parameter to the register, vision register, or character register
because part data having the specified ID was not found.
999: Failed to output the specified parameter to the register, vision register, or character register due
to an alarm other than the above (the target part data was not found).
Argument 5:
Specify the number of a register, vision register, or character register to which to output the obtained
parameter value.

To obtain the value of one of the following parameters, specify a register number:
STATUS: Status

LIFE_COUNT: Blacklist count

NUM_ADD: Push count when the part data is pushed in the parts list

NUM_BL.: Push count when the part data is set in the blacklist

PRIORITY: Priority

NUM_LAST_FOUND: Push count when the same part as the part data is found
POP_STAT: Flag indicating whether the part data is popped

To obtain the value of either of the following parameters, specify a vision register number:
SCH_RSLT: SEARCH result

FINE_RSLT: FINE result

To obtain the value of either of the following parameters, specify a character register number:
SCH_NAME: SEARCH vision process name

FINE_NAME: FINE vision process name
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IPSTPRTPRM.PC

Outputs the value of a parameter of part data to a register, vision register, or character register. This
program requires the following arguments.

Argument 1:
Specify the index number of the Parts List.
Argument 2:
Specify the ID of part data.
Argument 3:
Specify the name of a parameter for which you want to set a value. You can specify one of the
following parameter names:
STATUS: Status
LIFE_COUNT: Blacklist count
NUM_ADD: Push count when the part data is pushed in the parts list
NUM_BL.: Push count when the part data is set in the blacklist
PRIORITY: Priority
NUM_LAST_FOUND: Push count when the same part as the part data is found
FINE_RSLT: FINE result
SCH_NAME: SEARCH vision process name
FINE_NAME: FINE vision process name
Argument 4: Specify the number of the register, vision register, or character register containing the value
to be set for the parameter

To set the specified value for one of the following parameters, specify the number of the register
containing the value:

STATUS: Status

LIFE_COUNT: Blacklist count

NUM_ADD: Push count when the part data is pushed in the parts list

NUM_BL.: Push count when the part data is set in the blacklist

PRIORITY: Priority

NUM_LAST_FOUND: Push count when the same part as the part data is found

To set the specified value for either of the following parameters, specify the number of the vision
register containing the value:
FINE_RSLT: FINE result

To set the specified value for either of the following parameters, specify the number of the character
register containing the value:

SCH_NAME: SEARCH vision process name

FINE_NAME: FINE vision process name

Argument 5:
Specify the number of a register to which to output the status of this KAREL program. One of the
following values is output as the status:
0: Successfully set the specified value for the parameter.
1: Failed to set the specified value for the parameter because part data having the specified ID was
not found.
999: Failed to set the specified value for the parameter due to an alarm other than the above (the
target part data was not found).

IPENDPOS.PC

Searches a range from the specified position for part data and outputs the ID of the part data. This
program requires the following arguments.
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Argument 1:
Specify the index number of the Parts List.

Argument 2:
Specify the number of a position register containing position data. Part data is found when the
distance (dist(pos, found_pos)) between this position (pos) and part data found position (found_pos)
is within the range (dist_min < dist(pos, part_pos) < dist_max).

Argument 3:
Specify a direction whose value is to be used to calculate dist(pos, found_pos) above. Specify one of
the following items:
X: Uses the X-direction element to calculate the distance.
Y: Uses the Y-direction element to calculate the distance.
Z: Uses the Z-direction element to calculate the distance.
XY': Uses the XY-direction element to calculate the distance.
XZ: Uses the XZ-direction element to calculate the distance.
YZ: Uses the YZ-direction element to calculate the distance.
XYZ: Uses the XYZ-direction element to calculate the distance.

Argument 4.
Specify dist_min above.

Argument 5:
Specify dist_ max above.

Argument 6:
Specify part data to be output when multiple part data items satisfying dist_min < dist(pos, part_pos)
< dist_max above are found. A value of 1 is specified for the index when the part data nearest
dist_min is output. The value specified for the index is incremented each time part data is output in
ascending order of closeness to dist_min.

Argument 7:
Specify the number of a register to which to output the status of this KAREL program. One of the
following values is output as the status:
0: Succeeded in searching for part data satisfying the relevant condition.
1: Failed to search for part data because there was no part data satisfying the condition within the
specified range.
999: Alarm other than the above

Argument 8:
Specify the number of a register to which to output the ID of the found part data.

Argument 9:
Specify the number of a register to which to output the distance between the output part data and
position set in the position register specified for argument 2.

IPENDPUSH.PC
Searches for part data whose push count is within the specified range when it is added to the parts list and
outputs the 1D of the part data. This program requires the following arguments.

Argument 1:
Specify the index number of the Parts List.

Argument 2:
Parameter for determining the part search range. The KAREL program searches for part data whose
push count was between the value specified for argument 2 and the value specified for argument 3
when it was added to the parts list.

Argument 3:
Parameter for determining the part search range. The KAREL program searches for part data whose
push count was between the value specified for argument 2 and the value specified for argument 3
when it was added to the parts list.
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Argument 4:
Specify part data to be output when multiple part data items satisfying the condition specified for
arguments 2 and 3 above are found. A value of 1 is specified for the index when the part data whose
push count nearest to the push count specified for argument 2 is output. The value specified for the
index is incremented each time part data is output in ascending order of closeness to the push count
specified for argument 2.

Argument 5:
Specify the number of a register to which to output the status of this KAREL program. One of the
following values is output as the status:
0: Succeeded in searching for part data satisfying the relevant condition.
1: Failed to search for part data because there was no part data satisfying the condition within the
specified range.
999: Alarm other than the above

Argument 6:
Specify the number of a register to which to output the ID of the found part data.

Argument 7:
Specify the number of a register to which to output the push count when the output part data is
added to the parts list.

IPENDPRI.PC
Searches for part data with high priority and outputs the ID of the part data. This program requires the
following arguments.

Argument 1:
Specify the index number of the Parts List.

Argument 2:
Specify the priority order of part data to be output. A value of 1 is specified for the index when the
part data with the highest priority in the parts list is output. The value specified for the index is
incremented each time part data is output in descending order of priority.

Argument 3:
Specify the number of a register to which to output the status of this KAREL program. One of the
following values is output as the status:
0: Succeeded in searching for part data satisfying the relevant condition.
1: Failed to search for part data because there was no part data satisfying the condition within the
specified range.
999: Alarm other than the above

Argument 4.
Specify the number of a register to which to output the ID of the found part data.

Argument 5:
Specify the number of a register to which to output the priority of the output part data.

IPENDVP.PC
Searches for part data whose SEARCH vision process name is the specified vision process name and
outputs the ID of the part data. This program requires the following arguments.

Argument 1:
Specify the index number of the Parts List.
Argument 2:
Specify a vision process name for searching for part data.
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Argument 3:
Specify the priority order of part data to be output when there are multiple part data items with the
vision process name specified for argument 2. A value of 1 is specified for the index when the
following part data is output. The SEARCH vision process in the parts list containing the part data is
the vision process name specified for argument 2 and the part data has the highest priority. The value
specified for the index is incremented each time part data is output in descending order of priority.
Argument 4:
Specify the number of a register to which to output the status of this KAREL program. One of the
following values is output as the status:
0: Succeeded in searching for part data satisfying the relevant condition.
1: Failed to search for part data because there was no part data satisfying the condition within the
specified range.
999: Alarm other than the above
Argument 5:
Specify the number of a register to which to output the ID of the found part data.

IPCLRARPOS.PC
Use this KAREL program only when using the Search Area Restriction Tool. This KAREL program
initializes the list of positions set as the search area provided for each parts list (search area list). This
program requires the following arguments.

Argument 1:
Specify the index number of the Parts List. When a value of 0 is specified, the KAREL program
initializes the search area lists for all parts lists.

IPSETARPOS.PC
Use this KAREL program only when using the Search Area Restriction Tool. This KAREL program sets
the found position of the specified part data or position stored in a position register to the search area list.

Argument 1.
Specify a type of position to be set. You can specify one of the following values:
1: Sets the found position of picked part data.
2: Sets the found position of part data added to the blacklist.
3: Sets the position stored in the specified position register.

Argument 2:
When specifying 1 or 2 for argument 1, specify the number of the register containing the ID of
picked part data or part data set in the blacklist. When specifying 3 for argument 1, specify the
number of the position register containing a position you want to set for the search area.

Argument 3:
Specify a search area list in which to set the obtained position. Each parts list has a search area list.
So, specify the number of a parts list.

Argument 4:
Specify the number of a register to which to output the status of this KAREL program. One of the
following values is output as the status:
0: Successfully set the specified position as the search area
1: Failed to set the specified position as the search area

Argument 5:
When specifying 3 for argument 1 to use a position register for search area restriction, specify the
user frame number of the coordinate system indicating the position stored in the position register.
When specifying 1 or 2 for argument 1, do not enter argument 5.
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1  BINPICKING CONFIG

The bin picking configuration function on the teach panel is used to set up the configuration of the
interference avoidance function and parts list managers. Press the [MENU] key and select [{RVision] —
[Bin Picking Cfg] to display the main screen for the bin picking configuration.

Vo

Bin Picking Cfg

1/2

1 Interference Avoidance Configuratio

2 Parts List Manager Configuration

s
s [TYPE]  DETAL

The following items appear on the main screen for interference avoidance configuration.

[Interference Avoidance Configuration]
Place the cursor on [Interference Avoidance Configuration] and press the [DETAIL]. The Interference
Avoidance Configuration screen appears.

[Parts List Manager Configuration]
Place the cursor on [Parts List Manager Configuration] and press the [DETAIL]. The Parts List Manager
Configuration screen appears.
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1.1 INTERFERENCE AVOIDANCE CONFIGURATION

The interference avoidance configuration screen allows you to change the maximum number of
interference avoidance data that can be created. The robot controller must be power cycled to enable the
values of items changed here.

1/0
Bin Picking Cfg
1/9
Num. Of Interference Setup (System) :
Num. Of Container: 2
Num. Of Fixed Object: 5
Num. Of Interference Setup(Robot): 2
Num. Of Tool Object: 20
Num. Of Interference Setup(Cond.): 10
Num. Of IA Results: 1
Use Area under 3D Map to Be Avoided:YES
Update IA 4D Graphics At Run Time: NO
HH [ TYPE ] MAIN

The following items appear on the setup screen for interference avoidance configuration.

[Num. Of Interference Setup(System)]
Specify the maximum number of interference avoidance data (system).

[Num. Of Container]
Specify the maximum number of container objects to be set in interference avoidance data (system).

[Num. Of Fixed Object]
Specify the maximum number of fixed objects that interference avoidance data (system) can have. Note
that this is not the number of the fixed objects that can be created for each system data, but the total
number of the fixed objects that can be created for all system data.

[Num. Of Interference Setup(Robot)]
Specify the maximum number of interference avoidance data (robot).

[Num. Of Tool Object]
Specify the maximum number of tool objects that interference avoidance data (robot) can have. Note that
this is not the number of tool objects that can be created for each robot, but the total number of the tool
objects that can be created for all robot data.

[Num. Of Interference Setup(Cond.)]
Specify the maximum number of interference avoidance data (condition).

198 B-83914EN-6/02



Advanced Setup 1. BIN PICKING CONFIG

[Num. Of IA Results]
Specify the maximum number of avoidance results to be output from the interference avoidance
calculation. If you change the number of output interference avoidance results, the interference avoidance
position does not need to be recalculated each time the FINE vision process or part picking is executed.
The processing may take slightly longer, however, because multiple interference avoidance results are
calculated every time.

[Use Area under 3D Map to Be Avoided]
Determine whether or not to restrict the use of the area below the 3D map for interference avoidance.

[Update IA 4D Graphics At Run Time]
Determine whether to update the 4D interference avoidance data at process run time.

1.2 PARTS LIST MANAGER CONFIGURATION

The setup screen for the parts list manager configuration allows you to change the maximum number of
parts lists that can be created. The robot controller must be power cycled to enable the values of items
changed here.

vo

Bin Picking Cfg

1/6
Num. Of Parts List:
Num. Of SEACRH Vision Process:
Num. Of FINE Vision Process:
Num. Of FINE Position:
Num. Of PTCK Position:
Update PM 4D Graphics At Run Time: NO

NNNN!

[ TYPE ] MAIN

The following items appear on the setup screen for parts list manager configuration.

[Num. Of Parts List]
Specify the number of parts lists.

[Num. Of SEARCH Vision Process]
Specify the number of SEARCH vision processes that the parts list manager for the parts list can set for a
SEARCH vision process list.

[Num. Of FINE Vision Process]
Specify the number of FINE vision processes that the parts list manager for the parts list can set for a
FINE vision process list.

[Num. Of FINE Position]
Specify the number of FINE positions that the parts list manager for the parts list can set for a FINE
position list.
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[Num. Of PICK Position]
Specify the number of PICK positions that the parts list manager for the parts list can set for a PICK
position list.

[Update PM 4D Graphics At Run Time]
Specify whether to update the 4D parts list data at process run time.
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2 CUSTOMIZATION

This chapter describes how to further customize the bin picking system that is described earlier in this

manual.

2.1 HOW TO CUSTOMIZE WHEN THE CONTAINER POSITION

MOVES

In a bin-picking system, due to a reason that the container will not surely be positioned according to the
mechanism or that it is positioned to a certain degree but the clearance is relatively large, the container
installation position may change each time when it is replaced, causing the following problems.

e A misjudgment frequently occurs with the interference avoidance function.

The container object set in the system data for interference avoidance memorizes the container
position and size based on three points in the reference user frame set in the system data. For this
reason, if the container installation position changes, the memorized position of the container object
and the actual position of the container will not match, resulting in a misjudgment on interference.

e  The search window cannot be set correctly.

The part search window set by the SEARCH vision process is normally set along the internal wall of
a container in which the part is present. However, if the container installation position moves, the
search window will not be set correctly along the internal wall of the container, resulting in parts that

cannot be found (see the figure below).

\

Camera Search Window Camera

=)

Container moves

......

Search Window

Container Before the move \

Some parts cannot be detected because the container position has moved

If this is the case, use a function that automatically moves the container object and search window. This
function uses the found result of a vision process for finding the container installation position to

internally move them.

First, create and set up the vision process that detects the container position.
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Creating and setting a container detection vision process

On the [Vision Setup] screen of iRVision, create and set a vision process for finding a container. When
the optical axis of the camera installed in the upper part of the container is inclined with respect to the
horizontal plane of the container, as in the bin picking system with a 3D area sensor, it is recommended to
use the '2-D Multi-View Vision Process'. For information about teaching the '2-D Multi-View Vision
Process', refer to the description of 2-D Multi-View Vision Process in the "iRVision OPERATOR'S
MANUAL (Reference) B-83914EN".

Changing TP Programs

This section describes how to make changes to the TP program described in "Basic Setup Procedures: 1
BIN PICKING SYSTEM WITH 3D AREA SENSOR" to create a TP program that uses the container
detection result for bin picking. You can use similar approaches to customize the TP program for other
bin picking systems.

First, in addition to the registers used in the TP program described in "Basic Setup Procedures: 1.8
TEACHING TP PROGRAM?", the following new registers are used:

New Registers to Be Used
R [15] Maximum number of retries allowed for container detection
R [16] Number of retries made for container detection

Also, the following vision register is newly used:

New Vision Register to Be Used
[ VR [1] | Vision register that stores the container detection result |

BIN_FIND_CONTAINER.TP
Add a TP program that detects the container. If the program fails to get the offset data, it retries the
number of times that is set as the value in R [15]. If the number of retries exceeds the value set in R [15],
a user alarm is output. In the TP program shown below, the vision process that detects the container is
named CNTROFS.

1: 1 Move to snapping position Move to a position to capture an
2: JP[2] 100% FINE image.

3k

4: R[15]=5 Set the maximum number of retries.

4: R[16]=0 ——

2 LBL[10] Initialize the retry count.

7: 1 Check retry times -

8: IF R[16]>R[15],JMP LBL[99] When the retry count is greater than
9: the upper limit for the retry count,
10: ! Run CONTAINER OFFSET process jump to the process to issue an alarm
11: VISION RUN_FIND 'CNTROFS' and terminate the process.

12: VISION GET_OFFSET ‘CNTROFS’ VR[1] JMP LBL[91]
13: \ Obtain the container position, and if it

14: END fails, jump to the process to count the

16: ! Retry CONTAINER OFFSET process retry count.

17: LBL[91]
18: R[16]=R[16]+1 Count the retry count
19: JMP LBL[L0]
20: Jump to the retry count check process
21: ' ALARM
22: LBL[99]
23: UALM[2]
24: END
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BIN_PICKING.TP
In the TP program V_3DA_BP.TP described in "Basic Setup Procedures: 1.8 TEACHING TP
PROGRAM", change the part in bold below.

. IThe register numbers and

. Iposition register numbers below
: Ishould be changed according to
. Ithose set by CMT_3DA_BP.TP.

UFRAME_NUM=1
UTOOL_NUM=1
: CALL BINPICK_CLEAR("Parts List ID"=1)

©

Add the instruction for calling the
program for CONTAINER OFFSET.

=
o

: CALL BINPICK_FIND_CONTAINER

= e
D =

: ISEARCH

: LBL[1]

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

: CALL BINPICK_ACQUIRE3DMAP("3D Area Sensor"=
'V_3DA_CAM")

el
gD w

2.1.1 Moving the Container Object in the Interference Setup Data
According to the Amount of Container Travel

Open the edit screen to show the interference avoidance data (system). Enter the number of the vision
register that stores the result of the container detection vision process described earlier in the [VR] for
[Container Offset] in the setting item area.

‘Container Offset VR| 1”

In the tree view of the edit screen for interference setup data (system), select the object to move along
with the container. Check the [Shift Object Pos.] check box for the setting item area.

[shift Object Pos. |

2.1.2 Shifting the Search Window According to the Amount of
Container Travel

This section describes how to shift the search window for SEARCH according to the amount of the
container travel (using the '3D Area Sensor Vision Process').

Adding and Teaching the Window Shift Tool
Add the Window Shift Tool to the ‘3D Area Sensor Vision Process'.

v E 3D Area Sensor Vision Process
Shap Tool 1

= Window Shift Tool 1 ¥

E}'}: 3D Data Preprocess Tool 1

3D Blob Locator Tool 1

In the tree view of the edit screen for the vision program, select [Window Shift Tool], and select [Other
VP Result] from the [Input Data Type] drop-down box in the setting item area. Enter the number of the
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vision register that stores the result of the container detection vision process in the [VR to Use] text box
displayed by selecting [Other VVP].

Input Data Type Other VP Result 52

VR To Use

Teaching the 3D Data Preprocess Tool and 3D Locator Tools
After executing the container detection vision process from the TP program once, get the vision offset and
store the result in the vision register. Then, teach the container shape on the edit screen for the 3D Data
Preprocess Tool. When the Search window is used by 3D Locator Tools such as the 3D Peak Locator
Tool, re-teach the Search window. For details on how to set up, refer to the description for the command
tool in "iRVision OPERATOR'S MANUAL (Reference) B-83914EN".

2.2 HOW TO CUSTOMIZE TO REDUCE PROCESSING TIME
FOR SEARCH

This section describes how to reduce the processing time for SEARCH.

2.2.1 Using an Image Register

An image register is an area where captured images are temporarily stored. By saving the data necessary
for detection, such as the captured image and the robot position at the time of image capture in the image
register, image capture and detection can be performed independently.

In a TP program where multiple SEARCH vision processes are set and the vision processes are switched
until a part is detected, as shown on the left side of the following figure, an image is captured each time a
vision process is executed, regardless of whether the status of the part has changed, thus making the time
it takes to capture images longer than necessary. By storing the image captured before executing the first
vision process in the image register and using the image in the image register for the subsequent vision
processes, the need to capture an image for each vision process is eliminated, which leads to a shorter
SEARCH time.

Store the image to
the image register

. Run find Run find |
Snap "1__(Process A) Snap (Process A)
ST Using a image register R —— 1 ET
un fin un fin
> | —_ -
S (Process B) | (Process B)

1
-T>
I L
B -
- | -
| ) Snap > Run find > Run find
|

(Process C) " (Process C)

Save time for twice snapping

Using an image register to shorten processing time

The method to achieve customization for a bin picking system using an image register is described below.

Creating an Image Register
Set the number of necessary image registers in the system variable $VISION_CFG.$NUM_IMREGS.
The default value is 1. Up to 10 image registers can be created.
Also, set the size of the image register in the system variable $VISION_CFG.$IMREG_SIZE. The default
value is 1,500,000 bytes. If more than one image register is required, set $VISION _CFG.$IMREG_SIZE
to a value that is equal to 1500000 x [Number of Image Registers].
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If you change the value of the system variables $VISION_CFG.$NUM_IMREGS /
$VISION_CFG.$IMREG_SIZE, cycle power on the controller to recreate image registers.

Setting up the Parts List Manager
Use the parts list manager to display the edit screen for the SEARCH vision process list.
Select the number of created image register used to execute SEARCH from the [Img. Reg] drop-down
box.

‘Img. Reg 1“ |

Changing the TP Program
This section describes how to make changes to the TP program described in "Basic Setup Procedures: 1
BIN PICKING SYSTEM WITH 3D AREA SENSOR" to create a TP program that uses image registers
for SEARCH.

First, in addition to the registers used in the sample TP program described in "Basic Setup Procedures: 1.8
TEACHING TP PROGRAM?", the following new registers are used:

New Registers to Be Used

[ R[5] | SEARCH list ID of the Parts List Manager
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V_3DA_BP.TP
In the TP program V_3DA_BP.TP described in "Basic Setup Procedures: 1.8 TEACHING TP
PROGRAM", change the part in bold below.

1: IThe register numbers and

2: Iposition register numbers below

3: Ishould be changed according to

4: lthose set by CMT_3DA BP.TP.

5:

6: UFRAME_NUM=1

7: UTOOL_NUM=1

8: CALL BINPICK_CLEAR("Parts List ID"=1)

9:
10: 'SEARCH
11: LBL[1]
12: L P[1:Search] 2000mm/sec FINE - - -
13: CALL BINPICK_ACQUIRE3DMAP("3D Area Sensor'= Add the instruction to snap an image

'V_3DA_CAM) / and store it in the image register.

14:
15: CALL IRVSNAP('"V_3DA_SAMPLE', 1) Add the instruction to set the ID
16: R[5]-1 number of SEARCH vision process
17: LBL[10] which runs in the first.
18: CALL BINPICK_SEARCH(1,R[5],10)
19: IF R[10]<>0,JMP LBL[11] \ Change to specify the ID number of
;21 JMP LBL[2] the SEARCH vision process by R[5].
22: LBL[11] If the SEARCH vision process finds no parts, switch to
23: SELECT R[5]=1,JMP LBL[12] another SEARCH vision process set in the SEARCH
24: =2,JMP LBL[13] vPList
25:  ELSE,JMP LBL[999]
26: .

; If the vision process set to Index 1 of
27: LBLPZ] the SEARCH VP List finds no parts,
28: I execute the vision process set to Index
gg; il L) 2 of the SEARCH VP List,

31: L e If the vision process set to Index 2 of
32: R[5]=3 the SEARCH VP List finds no parts,
33: JMP LBL[10] execute the vision process set to Index
34. 3 of the SEARCH VP List.

35: IPOP

36: LBL[2]

37: CALL BINPICK_POP("Parts List ID"=1,
"Status R"=11,"Model ID R"=12)
38: IF R[11:Pop Status]<>0,JMP LBL[1]
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2.3 HOW TO CUSTOMIZE TO EXECUTE THE SEARCH
PROCESS IN THE BACKGROUND PROCESS

The TP program may waste time by stopping the robot at each SEARCH process. By executing SEARCH
for the next part to be picked while placing the held part, efficient bin picking can be performed.
Specifically for the bin picking system with the 3D Area Sensor, which requires a considerable amount of
time to acquire the 3D map, the cycle time can be reduced considerably by making calculations in the
background. Use as examples the TP programs that execute SEARCH and other processes on the system
that are described in "Basic Setup Procedures: 1 BIN PICKING SYSTEM WITH 3D AREA SENSOR"
and "Basic Setup Procedures: 2 FIXED FRAME OFFSET SYSTEM WITH 3D AREA SENSOR" for
explanation. You can use similar approaches to execute SEARCH and other processes in the background
for other bin picking systems.

2.3.1 Bin Picking System With 3D Area Sensor

This section describes sample TP programs that execute SEARCH and other processes in the background
on the system that is described in "Basic Setup Procedures: 1 BIN PICKING SYSTEM WITH 3D AREA
SENSOR".

The sample TP program is pre-installed in the bin picking system. You can save the labor of setting up by
editing the sample TP program according to each actual application.

If parts are to be picked from multiple containers, refer to "Advanced Setup: 2.4 HOW TO CUSTOMIZE
BIN PICKING SYSTEM WITH MULTIPLE CONTAINERS".
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2.3.1.1 Process Flow

The flow chart of the TP programs described here is as follows:

\V_3DA BP SUB.TP V_3DA_BP_MAIN.TP

Move to home position

LBL[100] v

Move to a position to
snap image

LBL[200] v
BINPICK_ACQUIRE3DMAP |
LBL[300] v Eail
BINPICK_SEARCH |——————

Success
—{ BINPICK_POP

i Success
LBL[500]
BINPICK_GETPICKPOS
LBL[600]
PICK Fail

LBL[700] Jrozoooy- 2008,

T Start
Background process

BINPICK_SEARCH

Success

Fail

BINPICK_POP

S““essl LBL[400]
[ BINPICK_GETPICKPOS |,

Success

Fail

PLACE

|

Move to a position to
wait for the end of
background process

Y

E End
i Background process

Background process
failed?

Success

Fail

|
|
1
|
|
1
|
|
|
|
1
1
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
LBL[100] :
BINPICK_ACQUIRE3DMAP :
|
|
|
I
|
|
|
|
|
|
|
|
|
|
|
|
|
1
1
|
|
|
|
|
|
|
|
|

A

LBL[999]
Move to home position

As shown in the above figure, the following two programs are mainly used for processes. The main
program V_3DA_MAIN.TP is involved in the robot motion and the sub program V_3DA_SUB.TP makes
calculations in the background. The sub program is called just before the placing operation after success
in picking. During the placing operation, it performs operations for POP or getting PICK position in the
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background, and also performs operations for acquiring 3D map and SEARCH if required. Parallel
processes are executed only during the placing operation because the main program waits for the sub
program to be completed when the placing operation is done.

Also, right after the system starts up or if picking fails, no placing operation occurs, so SEARCH and
other processes are not executed in the background and processes from 3D map acquisition to PICK
position acquisition are performed by the main program.

2.3.1.2 Register setting table

The TP programs explained here use the following registers, position registers, tool frame, and user
frame.

Register to Be Used

R [1] Register that represents the status of the system. Setting a non-zero value causes
the system to end. The value indicates one of the following states.
0: Normal
1: Cannot detect a part.

R [2] Register that represents whether the gripper is holding a part. The value

indicates one of the following states.

0: Not Holding a part.

1: Holding a part.

R [3] Register that represents whether the sub program is completed. The value
indicates one of the following states.

0: Not completed.

1: Completed.

R [4] The status of SEARCH vision process

0: SUCCESS (More than one new pushed data set exists)

1: FAIL (No new pushed data set exists)

R [5] The status of POP
0: SUCCESS
1: FAIL (No part data that can be popped)

R [6] Model ID of the popped part data

R [7] Status of the get PICK position process. One of the following values is set:
0: SUCCESS

12: Failed to get an interference avoidance position at the PICK position

13: Failed to get an interference avoidance position at the approach position

R [8] The status that represents whether the robot is within the camera’s field of view.
The value indicates one of the following states.

0: The robot is within the camera's field of view.

1: The robot is outside of the camera's field of view.

Position Register to Be Used

PR [20] PICK position

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

PR [22] This is the Approach position.

PR [23] Set the tool offset value from the PICK position used for approach position
calculation.
Example: (0.0, 0.0, 100.0, 0.0, 0.0, 0.0) in the cartesian or matrix format.

Tool frame to Be Used
[ UTOOL [1] | The TCP of the gripper |

User frame to Be Used

[ UFRAME [1] | Application frame |
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2.3.1.3 Batch input of register comments

This system has a pre-installed sample program. By entering comments to registers and other elements
used in this sample program in advance, you can check operation and modify your program easily.
Although manually setting comments takes time, it will save on the labor of performing the operation.

1  Select [CMT_3DA _BP_ADVANCED.TP] on the program list screen and execute it.

691772 bytes free 3/7
No. Program name Comment
1 —-BCKEDT- [ 1
2 _CMT _2A_RP [Comment R & PR ]
4 "NTSUATDBE [Bin Pick 1
5 V_3DA BP MAIN [Bin Pick Advancel]
6 V 3DA BP SUB [Bin Pick Advance]
7 V 3DA FOV [Bin Pick Advance]

CMT 3DA BP ADVANCED

Cory DETAIL LOAD SAVE AS PRINT

2  Check that the comments are entered as follows on the register list screen and the position register

list screen.
Registers
R [1] System status
R [2] Gripper holding the part
R [3] Subprogram status
R [4] Detection status
R [5] Pop status
R [6] Pop Model ID
R [7] Pick status
R [8] Robot in FOV
Position registers
PR [20] Pick
PR [21] Pick interference offset
PR [22] Pick approach
PR [23] Pick approach offset
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2.3.1.4 Copying TP programs

Since editing the original of the sample TP program is prohibited, copy and edit the sample TP program. -
2

1  Select [V_3DA BP_MAIN.TP] and click [COPY1] on the program list screen.

#MEMO
Copy the subprogram (V_3DA_BP_SUB.TP) in the same way as is done for
V_3DA BP_MAIN.TP.

691772 bytes free 5/7
No. Program name Comment
1 —-BCKEDT- [ 1
2 CMT 3DA BP [Comment R & PR |
3 CMT 3DA BP A> [Comment P & PR ]
4 M DA _BD [Bin Pick 1
5 [Bin Pick Advance]
6 "V _SDA BF SUD [Bin Pick Advance]
7 V_3DA FOV [Bin Pick Advance]

H COPY ‘ DETAIL LOAD SAVE AS PRINT

2  Edit the program name and click [OK].

2.3.1.5 Editing the main program

Edit the TP program copied in "Advanced Setup: 2.3.1.4 Copying TP programs".

1 Teach each position in the TP program.

Positions

P[1: Home] The robot's home position. Teach a position where the robot will not come
into the sensor's field of view.

P[11: Search] The robot's waiting position when SEARCH is being executed. It may be
the same position as the home position.

P[61: Pick Approach] The approach position when picking the part.

P[62: Pick Retract] The retract position after picking the part. It may be the same position as
the approach position when picking the part.

P[63] A relay position when moving from the retract position after picking the

part to the approach position when placing the part.

P[71: Place Approach] The approach position when placing the part. In this program, a flag
indicating that the robot is out of the sensor's field of view is set 0.5
seconds after the robot reaches this position. Therefore, teach a position
where the robot will not come into the sensor's field of view.

P[72: Place Approach] The approach position when placing the part. Set a point that is closer to
the position where the part is placed than P[71].
P[73: Place] The placement position.
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2 Add part picking and placing instructions.
For the CALL instruction in L64, specify the instruction to place and pick up the part with the

gripper.

For the CALL instruction in L89, specify the instruction to place the part with the gripper.

V_3DA_BP_MAIN.TP
This is the main program for bin picking. Note that since editing V_3DA_BP_MAIN.TP is prohibited,
you will actually be editing the TP program copied from V_3DA_BP_MAIN.TP in "Advanced Setup:
2.3.1.4 Copying TP programs". There are lines to call subprograms V_3DA_BP_SUB.TP and
V_3DA_FOV.TP from V_3DA_BP_MAIN.TP, but note that copied subprograms must be called here as

well.
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IThe register numbers and
Iposition register numbers below

Ishould be changed according to
Ithose set by
ICMT_3DA_BP_ADVANCED.TP.

lInitialize Data
R[1:System Status]=0
9: R[2:Holding Part]=0
10: R[8:Robot in FOV]=0
11: CALL BINPICK_CLEAR("Parts List ID"=1)

PHPGEHRNE

13: 'Move to Home Pos
14: UFRAME_NUM=1
15: UTOOL_NUM=1 "
16: JP[1:Home] 100% FINE Move to a home position.

18: 'Move to Search Pos
19: LBL[100]

Move to a position to snap an image.
20: UFRAME_NUM=1
21: UTOOL_NUM=1 The flag indicating that the robot is

22: ] P[113sea"_0h] 100% FINE within the camera's field of view is set
23: R[8:Raobot in FOV]=1 to 1.
24:

25: IACQUIRE 3D MAP
26: LBL[200]

27: CALL BINPICK_ACQUIRE3DMAP Acquire a new 3D map.
(3D Area Sensor"='V_3DA_CAM")
28:
29: ISEARCH
30: LBL[300]
31: CALL BINPICK_SEARCH("Parts List ID"=1, =—————————— Execute a SEARCH vision process.

"SEARCH VP ID"=1,"Status R"=4)
32: IF R[4:Search Status]=0,JMP LBL[400]
33: ISEARCH Fail
34: R[1:System Status]=1
35: JMP LBL[999]

37: IPOP

38: LBL[400]

39: CALL BINPICK_POP("Parts List ID"=1, Pop a part data from the Part list.
"Status R"=5,"Model ID R"=6)

40: IF R[5:Pop Status]=0,JMP LBL[500]

. I H
j;: :”F;/IOPPLFSII_I 100 If any part data is not popped, move to
43: [l a position to snap an image.

44: IGETPICKPOS

45: LBL[500]

46: CALL BINPICK_GETPICKPOS("Parts List ID"=1,
"PICK Pos ID"=1,"Status R"=7,"PICK Pos PR"=20,
"IA Offset PR"=21,"APP Pos PR"=22)

47: |IF R[7:Pick Status]=0,JMP LBL[600]

48: IGETPICKPOS Fail

49: CALL BINPICK_SETSTAT("Parts List ID"=1,
"Part Status"=22)

50: JMP LBL[400]

Sl:

If the BINPICK_GETPICKPOS falils,
pop a new part data.
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52:
53:
54.
55:
56:
57.
58:
59:
60:
61:
62:
63:
64:
65:
66:
67:
68:
69:
70:
71:
72:
73:

74
75:
76:
17.

78:
79:
80:
81:
82:
83:
84:

85:
86:
87:
88:
89:
90:
91:
92:
93:
94:
95:
96:
97:
98:
99:

IPICK
LBL[600]
UFRAME_NUM=1

UTOOL_NUM=1

R[8:Robot in FOV]=0

The flag indicating that the robot is
within the camera’s field of view is set
to 0.

L P[61:Pick Approach] 500mm/sec CNT50

IMove to Pick Pos
L PR[22:Pick App.] 500mm/sec CNT50

Move to a above position of the
container.

L PR[20:Pick] 200mm/sec FINE \
IInsert program instructions

Ito grasp the part.

Move to the position to pick up the
part.

CALL ...

L PR[22:Pick App.] 500mm/sec CNT50

L P[62:Pick Retract] 300mm/sec FINE INC
lInsert program instructions

Iwhether grasp succeeds or not.

CALL ...

Check if the robot holds the parts.

IF R[2:Holding Part]=1,JMP LBL[610]
IPICK Fail
CALL BINPICK_SETSTAT("Parts List ID"=1,

"Part Status"=21)
JMP LBL[400]

IPICK Success

If the robot does not hold the part, pop
a next part data.

LBL[610]

Move to a above position of the
container.

CALL BINPICK_SETSTAT("Parts List ID"=1,
"Part Status"=20) /
L P[63] 500mm/sec CNT100

IStart Background Calc. and PLACE
LBL[700]
R[3:Bg. Status]=0

Start the background process to get a
next PICK position.
Change V_3DA_BP_SUB to the
copied TP program.

RUN V_3DA_BP_SUB

J P[71:Place Approach] 100% CNT100

TA .50sec,CALL V_3DA_FOV \
L P[72:Place Approach] 300mm/sec CNT100

L P[73:Place] 300mm/sec FINE

lnsert program instructions

The flag indicating that the robot is
within the camera’s field of view is set
to 1 after moving to a position that the
robot is not within the camera’'s field
of view.

Ito release the part.
CALL ...

L P[72:Place Approach] 300mm/sec CNT100

Move to the position to pick up the
part.

L P[71:Place Approach] 300mm/sec CNT100
WAIT R[3:Bg. Status]=1

IEnd Background Calc.

IF R[1:System Status]=1,JMP LBL[999]
JMP LBL[600]

LBL[999]

100: UFRAME_NUM=1
101: UTOOL_NUM=1
102: J P[1:Home] 100% FINE

Wait for the end of background
process.
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2.3.1.6 Checking subprograms

Check the content of the subprograms. When you have changed the register numbers to be used, etc., edit
the program accordingly.

V_3DA_BP SUB.TP
This is the sub program to perform bin picking. It performs POP, PICK position acquisition, and if
required, 3D map acquisition or SEARCH. Note that since editing V_3DA_BP_SUB.TP is prohibited,
you will actually be editing the TP program copied from V_3DA_BP_SUB.TP in "Advanced Setup:
2.3.1.4 Copying TP programs".
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IThe register numbers and

Iposition register numbers below
Ishould be changed according to
Ithose set by
ICMT_3DA_BP_ADVANCED.TP.

JMP LBL[300] g;rt'zt, go to the process to pop a part

©

IACQUIRE 3D MAP

: LBL[100]

: WAIT R[8:Robot in FOV]=1

: CALL BINPICK_ACQUIRE3DMAP

("3D Area Sensor'="V_3DA_CAM))

13:

14: ISEARCH

15: LBL[200] —

16: CALL BINPICK_SEARCH("Parts List ID"=1, Execute a SEARCH vision process.
"SEARCH VP ID"=1,"Status R"=4)

17: IF R[4:Search Status]=0,JMP LBL[300]

18: ISEARCH Fail

19: R[1:System Status]=1

20: R[3:Bg. Status]=1

21: END J

22:

23: IPOP

24: LBL[300]

25: CALL BINPICK_POP("Parts List ID"=1,
"Status R"=5,"Model ID R"=6)

26: IF R[5:Pop Status]=0,JMP LBL[400]

[
N O

If the SEACH process fails to find
part, set the R[1] to 1(No Part found)
and the R[3](Terminate subprogram)
to 1 and terminate this program.

. | H
5;: :]i/l%PLFBaII_I[]_OO] If the part data to be popped, execute
29: the SEARCH vision process,

30: IGETPICKPOS

31: LBL[400]

32: CALL BINPICK_GETPICKPOS("Parts List ID"=1,
"PICK Pos ID"=1,"Status R"=7,"PICK Pos PR"=20,
"IA Offset PR"=21,"APP Pos PR"=22)

33: IF R[7:Pick Status]=0,JMP LBL[410]

34: IGETPICKPOS Fail

35: CALL BINPICK_SETSTAT (“Parts List ID"=1,
"Part Status"=22)

36: JMP LBL[300]

37: IGETPICKPOS Success

38: LBL[410] When the PICK position succeed to be

39: R[3:Bg. Status]=1 acquired, terminate the process after

setting the R[3] to 1.

If the BINPICK_GETPICKPOS fails,
pop a new part data.

V_3DA_FOV.TP

This program sets the flag indicating that the robot is outside of the camera'’s field of view to 1. To ensure
that the robot is out of the camera's field of view, the sub program waits for the process to acquire a 3D
map while 0 is set to the R [8].

If there is a problem in the acquired 3D map and it may be due to the robot being in the camera's field of
view, adjust the time of the TA instructions or the robot position to call this program in the main program.
Note that since editing V_3DA _FOV.TP is prohibited, you must edit the TP program copied from
V_3DA_BP_FOV.TP in "Advanced Setup: 2.3.1.4 Copying TP programs" if you need to change the
register numbers.
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The flag indicating that the robot is

1: R[8:Robot in FOV]=1 within the camera's field of view is set
to l.

2.3.1.7 Checking operation

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

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

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

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

e  Find the part by placing and rotating it differently from the reference position and check that it can
be picked up accurately.

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

2.3.2 Fixed Frame Offset System With 3D Area Sensor

This section describes sample TP programs that execute SEARCH and other processes in the background
on the system that is described in "Basic Setup Procedures: 2 FIXED FRAME OFFSET SYSTEM WITH
3D AREA SENSOR".

2.3.2.1 Process Flow

The flow chart of the TP programs described here is as follows:
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BIN_PICKING SUB.TP

BIN_ PICKING MAIN.TP

Move to home position

LBL[100] Y
ove to a position
to snap an image
LBL [200] l
BINPICK ACQUIRE3DMAP ]

LBL [300] Fail

VISION RUN_FIND

VISION GET_OFFSET

Success

Fail
Success

LBL [500] 4

PICK .

Fail

LBL [100] | 1 ol Tean Joo--- pouceess - |
B]NPICK_ACQUIRE:‘;DMAP Start Background process »

y

Fail
VISION RUN_FIND

| Success TBL 300]
Fai
I VISION GET_OFFSET

Success

PLACE

v

Move to a position to
wait for the end of
background process

.~ End Background >

" process

_____________________________

Background
process Fail?

Success

Fail

4

LBL [999]
Move to home position

As shown in the above figure, the following two programs are mainly used for processes. The main
program BIN_PICKING_MAIN.TP is involved in the robot motion and the sub program
BIN_PICKING_SUB.TP makes calculations in the background. The sub program is called just before the
placing operation after success in picking. During the placing operation, it performs operations in the
background such as offset acquisition, 3D map acquisition, and vision detection if required. Parallel
processes are executed only during the placing operation because the main program waits for the sub
program to be completed when the placing operation is done.
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Also, right after the system starts up or if picking fails, no placing operation occurs, so vision detection
and other processes are not executed by the sub program and processes from 3D map acquisition to offset
acquisition are performed by the main program.

2.3.2.2 Register setting table

The TP programs explained here use the following registers, position registers, vision registers, tool frame,
and user frame.
Register to Be Used

R [1] Register that represents the status of the system. Setting a non-zero value
causes the system to end. The value indicates one of the following states.
0: Normal
1: Cannot detect a part.

R [2] Register that represents whether the gripper is holding a part. The value

indicates one of the following states.

0: Not holding a part.

1: Holding a part.

R [3] Register that represents whether the sub program is completed. The value
indicates one of the following states.

0: Not completed.

1: Completed.
R [4] The number of results found by a SEARCH vision process
R [11] The status that represents whether the robot is within the camera's field of view.

The value indicates one of the following states.
0: The robot is within the camera's field of view
1: The robot is outside of the camera's field of view.

Vision register to be used
[ VR [1] | Register that stores the offset data for SEARCH vision process |

Tool frame to Be Used
[ UTOOL [1] | The TCP of the gripper |

User frame to Be Used

[ UFRAME [1] | Application frame |

2.3.2.3 Creating and teaching TP program

Create a TP program and teach positions. Although the pre-installed samples [V_3DA_CAM] and
[V_3DA_SAMPLE] are used for sensor data and vision process, replace them with others as necessary.

BIN_PICKING_MAIN.TP
This is the main program for fixing 3D positions.
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: JP[1] 100% FINE

- R[11]=1

: VISION RUN_FIND 'V_3DA_SAMPLE'
© VISION GET_NFOUND 'V_3DA_SAMPLE' R[4]
© IF R[4]>0,JMP LBL[400]

: 1 SEARCH Fail

: LBL[390] '|

: R[1]=1

: JMP LBL[999]

- VISION GET_OFFSET 'V_3DA_SAMPLE' VR[1]

© R[11]=0

: L PR[52] 500mm/sec CNT50 VOFFSET, VR[1]
: L PR[53] 200mm/sec FINE VOFFSET, VR[1]

: 1lnsert program instructions

: 1tograsp

: CALL GRASP

: L P[54] 300mm/sec FINE INC

: 1'Insert program instructions to

: ' whether grasping succeeds or no

: IFR[2]=1,JMP LBL[610]

: 1 PICK Fail  -
: JMP LBL[400]

: 1 PICK Success

: LBL[610]
: L P[55] 500mm/sec CNT100

: 1 Start Background Calc and PLACE
: LBL[600]

I Initialize data
R[1]=0

R[2]=0
R[11]=0

: 1 Move to home position

UFRAME_NUM=1

: UTOOL_NUM=1

Move to a home position.

: 1 Move to snapping position

: LBL[100]

Move to a position to snap an image.

: UFRAME_NUM=1
: UTOOL_NUM=1
: JP[11] 100% FINE

The flag indicating that the robot is
within the camera's field of view is set
to 1.

: ' ACQVAMAP

© LBL[200]
© CALL BINPICK_ACQUIRE3DMAP ('V_3DA_CAM)

Acquire a new 3D map.

: | SEARCH

: LBL[300]

Execute a SEARCH vision process.

If the SEARCH vision finds no parts,
set the register indicating the running
status is set to a error.

. 1 Get Offset

: LBL[400]

JMP LBL[100]

If the process to get the vision offset
fails, execute the SEARCH vision
process.

. 1PICK
© LBL[500]

: UFRAME_NUM=1
: UTOOL_NUM=1

The flag indicating that the robot is
within the camera's field of view is set
to 0.

: L P[51] 500mm/sec CNT50

: 1 Move to PICK position

Move to the position to pick up the
part.

If the robot does not hold the part, get
a next vision offset.

Move to a above position of the
container.

-

Start the background process to get a
next vision offset.

-
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62:
63:
64:
65:
66:
67:
68:
69:
70:
71:
72:
73:
74:
75:
76:
17:
78:
79:
80:
81:

R[3]=0 /
RUN BIN_PICKING_SUB

J P[61] 100% CNT100 TA .50sec,CALL ROBOT_VIEWOUT
L P[] Slbnimmiszs SNk The flag indicating that the robot is 2
%uzggi];i%%m/ Tﬁ(s:trl:t:r’:\:i nsto within the camera‘s field qf.view is set

. place the part tol af_ter moving to a position that_the
’ robot is not within the camera's field
of view.

L P[62] 300mm/sec CNT100
L P[61] 300mm/sec CNT100 Move to the position to place the part.

WAIT R[3]=1
! End Background Calc
g Wait for the end of background

IF R[1]=1,JMP LBL[999] process.
JMP LBL[500]

LBL[999]
UFRAME_NUM=1
UTOOL_NUM=1

J P[1] 100% FINE

BIN_PICKING_SUB.TP
This is the sub program for fixing 3D positions. It acquires the offset in the background. If it fails to
acquire the offset, it executes the vision process. It is called from BIN_PICKING_MAIN.TP.

: I SEARCH
: LBL[200]
: VISION RUN FIND 'V_3DA SAMPLE' Execute a SEARCH vision process.
: VISION GET_NFOUND 'V_3DA_SAMPLE' R[4]
: IF R[4]>0,JMP LBL[300]

: 1 SEARCH Fail
: R[1]=1

: JMP LBL[400]

. 1 Get Offset
: LBL[300]
: VISION GET_OFFSET 'V_3DA_SAMPLE' VR[1] —_—

: 1 Background process finish
: LBL[400]
: R[3]=1

: JMP LBL[300]

: 1 ACQVAMAP
: LBL[100]

: WAIT R[11]=1
: CALL BINPICK_ACQUIRE3DMAP('V_3DA_SENSOR') ——————— Acquire a new 3D map.

If the SEARCH vision process can
not find any part, jump to the process
to terminate this program.

Get the offset data, and if fails, return
to the process to execute the

JMP LBL[100] SEARCH vision process.
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ROBOT_VIEWOUT.TP
This program sets the flag indicating that the robot is outside of the camera’s field of view to 1. This
program is called by the TA instruction just after the robot moves out of the camera's field of view. To
ensure that the robot is out of the camera's field of view, the sub program waits for R [11] to be set to 1
before acquiring a 3D map. If there is a problem in the acquired 3D map and it may be due to the robot
being in the camera’s field of view, adjust the time of the TA instructions or the robot position to call this
program in the main program.

The flag indicating that the robot is
1: R[11]=1 within the camera’s field of view is set
to 1.

2.3.2.4 Checking operation

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

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

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

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

e  Find the part by placing and rotating it differently from the reference position and check that it can
be picked up accurately.

e  Start with lower override of the robot to check that the logic of the program and the motion of the
robot are correct. Next, increase the override to check that the robot can operate continuously.
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2.4 HOW TO CUSTOMIZE BIN PICKING SYSTEM WITH
MULTIPLE CONTAINERS -
2

This section describes how to achieve customization for performing bin picking with multiple containers.
It describes how to customize the system described in "Basic Setup Procedures: 1 BIN PICKING
SYSTEM WITH 3D AREA SENSOR" to create a system that picks parts sequentially from two
containers as shown in the figure below:

Containerl

Container2

Conveyor

Sample system configuration that picks parts sequentially from two containers

2.4.1 Preparing a Container

When performing bin picking with multiple containers, provide a separate parts list for each container.

2.4.1.1 Changing the number of parts list

By default, the number of parts lists is 1. To change the number of parts lists, perform the procedure
described below. Up to 20 parts lists can be created.

1 On the teach panel, press the [MENU] key — [iRVision] — [Bin Picking Cfg] and press the [Enter]
key.
The [Bin Picking Cfg] screen appears.
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2 Move the cursor to [Parts List Manager Configuration] and press F2 [DETAIL].
The setup screen for the parts list manager configuration appears.

) SET_POS LINE O ABORTED [HO 10%

Bin Picking Cfg + [H
2/2
1 Interference Avoidance Configuration

2 Parts List Manager Configuration

3 Move the cursor to [Num. Of Parts List] and press the [2] key.

1o SET_POS LINE 0 [ ABORTED [E[eI]

Bin Picking Cfg

[Num. Of Parts List:
Num. Of SEACRH Vision Process:
Num. Of FINE Vision Process:
Num. Of FINE Position:
Num. Of PICK Position: 10
Update PM 4D Graphics At Run Time: NO

i [TYPE]  MAIN
4 Cycle the power to the robot controller.

This enables multiple parts lists to be used.

2.4.1.2 Setting up 3D area sensor data

Set up the 3D Area Sensor installed in the upper part of Container 2. The setup method is the same as for

Container 1.

2.4.1.3 Setup of interference avoidance data

Create the interference avoidance data (system) for Container 2 and set it up.
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2.4.1.4 Search vision process setup

Create the '3D Area Sensor Vision Process' and set it up so that the parts inside Container 2 can be
detected.

2.4.1.5 Setup of parts list manager

Set up parts list 2 in Parts List Manager.

Add the created SEARCH vision process to [SEARCH VP List] in Parts List Manager. Set the PICK
position for [PICK Position List] in Parts List Manager. When setting the PICK position, select the same
user frame number to be used as that for parts list 1.

2.4.2

Process Flow

The flow chart of the TP programs described here is as follows:

Main program

Wait for completion
of Background

process

BIN_PICKING_MAIN.TP

I Move to home position |

LBL [100
ve to a position to

Snap image

LBL [200] l
BINPICK ACQUIRE3DMAP }

LBL [300]

BINPICK. SEARCH |20 2

Success

BINPICK. POP
s
BINPICK GETPICKPOS

0

Success
Start Background
process
LBL [700]

R Fail

PICK -
Fail

Background process for
container 2

(BIN_PICKING SUB2.TP}

Wait for completion
of Background
process

LBL [1100
Move to a position to

Snap image

LBL [1200] l
BINPICK _ACQUIRE3DMAP ]

|
BINPICK. SEARCH |2 (Z)

Success

LBL [1400]

BINPICK POP .
BINPICK. GETPICKPOS

X

Success
tart Background
process
LBL [1700]

- Fail

PICK -
Fail

:

Move to a position to
wait for the end of

background process

Background process for

container 1

(BIN PICKING SUBI.TP}

lSuccess

Move to a position to
wait for the end of

End Background process

Success

Background
process Fail?

@

background process

End Background process

Background
process Fail?

LBL [99%9]

Move to home
position
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Sub programs for background processes

BIN_PICKING_SUB1.TP
BIN_PICKING_SUB2.TP

BINPICK_POP

lSuccess
LBL[400]
| BINPICK_GETPICKPOS Success

FAIL

LBL[100] v
BINPICK_ACQUIRESDMAP]

Success
Success I BINPICK_SEARCH

FAIL

v
End

As can be seen from the figure above, there are the following three major TP programs.

e  Main program (BIN_PICKING_MAIN.TP in the figure above)
e  Sub program for container 1 (BIN_PICKING_SUB1.TP in the figure above)
e  Sub program for container 2 (BIN_PICKING_SUB2.TP in the figure above)

The sub program is called just before the picking operation. For example, during the picking operation on
Container 1, it performs POP, PICK position acquisition, and if required, 3D map acquisition or
SEARCH.

The main program waits for the sub program to complete processes when:

e  The placing operation on the part is completed

Next, a part is picked from a container that is not the one from which a part was previously picked.
e  The part picking failed

Next, a different part is picked from the container where the part picking failed previously.

2.4.3 Register Setting Table

The TP programs explained here use the following registers, position registers, tool frame, and user
frame.

Register to Be Used

R [1] Register that represents the status of the system. Setting a non-zero value causes
the system to end. The value indicates one of the following states.
0: Normal
1: Cannot detect a part.

R [2] Register that represents whether the gripper is holding a part. The value

indicates one of the following states.
0: Not holding a part.
1: Holding a part.
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R [3] Register that represents whether the sub program is completed. The value
indicates one of the following states.
0: Not completed.
1: Completed.

R [4] The status of SEARCH vision process for parts list 1

R [5] The status of POP for parts list 1

R [6] Model ID of the popped part data from parts list 1

R[7] Status of the get PICK position process for parts list 1. One of the following
values is set:
0: SUCCESS
12: Failed to get an interference avoidance position at the PICK position
13: Failed to get an interference avoidance position at the approach position

R [8] The flag indicating that a PICK position calculated by the
BIN_PICKING_SUBL1 exists. The value indicates one of the following states.
0: Does Not Exist
1: Exists

R [104] The status of SEARCH vision process for parts list 2

R [105] The status of POP for parts list 2

R [106] Model ID of the popped part data from parts list 2

R [107] Status of the get PICK position process for parts list 2. One of the following
values is set:
0: SUCCESS
12: Failed to get an interference avoidance position at the PICK position
13: Failed to get an interference avoidance position at the approach position

R [108] The flag indicating that a PICK position calculated by BIN_PICKING_SUB?2
exists. The value indicates one of the following states.
0: Does Not Exist
1: Exists

Position Register to Be Used

PR [20] Parts list 1: Result of interference avoidance for the part pick position
(avoidance position)

PR [21] Parts list 1: Result of interference avoidance for the part pick position (tool
offset value)

PR [22] Parts list 1: Result of interference avoidance for the approach position
(avoidance position)

PR [120] Parts list 2: Result of interference avoidance for the part pick position
(avoidance position)

PR [121] Parts list 2: Result of interference avoidance for the part pick position (tool
offset value)

PR [122] Parts list 2: Result of interference avoidance for the approach position
(avoidance position)

Tool frame to Be Used
[ UTOOL [1] | The TCP of the gripper |
User frame to Be Used
| UFRAME [1] | Application frame |

The Parts List Manager is set as follows.

The SEARCH vision process ID of the SEARCH VP List of the Parts List Manager to be used: 1
The PICK position ID of the PICK Position List of the Parts List Manager to be used: 1
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2.4.4 Creating and Teaching TP Program

Create a TP program and teach positions. [SENSOR1] and [SENSOR2] are used as the sensor data
names.

BIN_PICKING_MAIN.TP
This is the main program for bin picking.
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9.

10:

11
12
13

14:
15:
16:
17:

lInitialize data

R [1]=0

R[2]=0

R[3]=1

R[8]=0

R[108]=0

CALL BINPICK_CLEAR(1)
CALL BINPICK_CLEAR(2)

I Move to home position
: UFRAME_NUM=1
: UTOOL_NUM=1

:J P[1] 100% FINE

!
ICONTAINERL1 PICK

| Rkkk kK ek kkk

18:

19:
20:
21:
22:
23:
24

I Move to snapping position
LBL[100]
UFRAME_NUM=1
UTOOL_NUM=1

Move to a home position.

J P[101] 100% FINE
WAIT R[3]=1

25:

26:
27:

LBL[200]
CALL BINPICK_ACQUIRE3DMAP('SENSOR1')

28:

29:
30:
31:
32:
33:
34:

LBL[300]
CALL BINPICK_SEARCH(1,1,4)

Move to a position to snap an image.

Acquire a new 3D map.

IF R[4]=0,JMP LBL[400]
ISEARCH FAIL

R[1]=1

JMP LBL[9999]

35:

36:
37:
38:
39:
40:

LBL[400]

Execute a SEARCH vision
process.

CALL BINPICK_POP(1,5,6)
IF R[5]=0,JMP LBL[500]
IPOP FAIL

Pop a part data from the parts list.

JMP LBL[100]

41:

42:
43:
44:
45:
46:
A47:

LBL[500]
CALL BINPICK_GETPICKPOS(1,1,7,20,21,22)
IF R[7]=0,JMP LBL[600]

IGETPICKPOS FAIL

CALL BINPICK_SETSTAT(1,22)

JMP LBL[400]

If any part data is not popped, move to
a position to snap an image.

48:

49:
50:
51:
52:

IPICK and Start Background proc
LBL[600]
R[3]=0

If the BINPICK_GETPICKPOS fails,
pop a new part data.

RUN BIN_PICKING_SUB2

53:

54:
55:
56:
57:
58:
59:
60:
61:
62:

UFRAME_NUM=1
UTOOL_NUM=1

Start the background process for the
container2.

R[8]=0
L P[601] 1500mm/sec CNT50
L PR[22] 500mm/sec CNT50
L PR[20] 200mm/sec FINE

The register indicating that a PICK
position calculated by the background
process exists set to O(Not Exist).

lInsert program instructions to

Igrasp
L P[602] 300mm/sec FINE INC

Move to the position to pick up the
part.
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63:
64:
65:
66:
67:
68:
69:
70:
71:
72:
73:
74.
75:
76:
77:
78:
79:
80:
81:
82:
83:
84:
85:
86:
87:
88:
89:
90:

91: !

92:
93:
94
95:
96:
97:
98:
99:
100

101:

lInsert program instructions to
lwhether grasping succeeds or no
IF R[2]=1,JMP LBL[610]

IPICK FAIL

CALL BINPICK_SETSTAT(1,21)
JMP LBL[400]

IPICK SUCCESS

LBL[610]

CALL BINPICK_SETSTAT(1,20)
L P[601] 1500mm/sec CNT50

IPLACE

LBL[700]
L P[701] 300mm/sec CNT100
L P[702] 300mm/sec FINE

If the robot does not hold the part, pop
a next part data.

!Insert program instructions to
Iplace the part

L P[701] 300mm/sec CNT100
IWait for completion of
IBackground proc

WAIT R[3]=1

Move to the position to place the part.

IF R[1]=1,JMP LBL[9999]
1Go to container2 pick

Wait for the completion of background
process for the container2.

JMP LBL[1600]

1 * % * %

ICONTAINER2 PICK

1 * % * %

! Move to snapping position
LBL[1100]
UFRAME_NUM=1
UTOOL_NUM=1

If the background process succeeds,
pick up the part in the container2.

J P[1101] 100% FINE
WAIT R[3]=1

: LBL[1200]
CALL BINPICK_ACQUIRE3DMAP('SENSOR2)

102:

103:
104:
105:
106:
107:
108:

LBL[1300]
CALL BINPICK_SEARCH(2,1,104)

Move to a position to snap an image.

Acquire a new 3D map.

IF R[104]=0,JMP LBL[1400]
ISEARCH FAIL

R[1]=1

JMP LBL[9999]

109:

110:
111:
112:
113:
114:

LBL[1400]

Execute a SEARCH vision process.

CALL BINPICK_POP(2,105,106)
IF R[105]=0,JMP LBL[1500]
IPOP FAIL

Pop a part data from the parts list.

JMP LBL[1100]

115:

116:
117:
118:
119:
120:
121:

LBL[1500]

IF R[107]=0,JMP LBL[1600]
IGETPICKPOS FAIL
CALL BINPICK_SETSTAT(1,22)

If any part data is not popped, move
to a position to snap an image.

CALL BINPICK_GETPICKPOS(2,1,107,120,121,122)

JMP LBL[1400]

122:

123:
124:
125:
126:

127:

If the BINPICK_GETPICKPOS fails,
pop a new part data.

Start the background process for the
containerl.

IPICK and Start Background proc
LBL[1600]

R[3]=0

RUN BIN_PICKING_SUBZ
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128: UFRAME_NUM=1
129: UTOOL_NUM=1
130: R[108]=0

131: L P[1601] 1500mm/sec CNT50
132: L PR[122] 500mm/sec CNT50

133: L PR[120] 200mm/sec FINE
134: !Insert program instructions t(\
135: Igrasp

136: L P[1602] 300mm/sec FINE INC
137: llnsert program instructions to
138: !whether grasping succeeds or no
139: IF R[2]=1,JMP LBL[610]

140: !PICK FAIL

141: CALL BINPICK_SETSTAT(2,21)
142: JMP LBL[1400]

The register R[108] indicating that a
PICK position calculated by the
background process exists set to
O(Not Exist).

Move to the position to pick up the
part.

143: IPICK SUCCESS

144: LBL[1610]

145: CALL BINPICK_SETSTAT(2,20)
146: L P[1601] 1500mm/sec CNT50
147:

148: IPLACE

149: LBL[1700]

150: L P[1701] 300mm/sec CNT100

If a part fails to be gripped, the
part data is popped by the main
process.

151: L P[1702] 300mm/sec FINE
152: linsert program instructions to
153: !place the part

154: L P[1701] 300mm/sec CNT100
155: 'Wait for completion of

156: !'Background proc

Move to the position to place the part.

157: WAIT R[3]=1
158:

159: IF R[1]=1,JMP LBL[9999]
160: !'Go to containerl pick
161: JMP LBL[600]

Wait for the completion of background
process for the containerl.

162:

163: LBL[9999]

164: UFRAME_NUM=1
165: UTOOL_NUM=1

166: J P[1] 100% FINE

BIN_PICKING_SUB1.TP

If the background process succeeds,
pick up the part in the containerl.

For example, for a part in Container 1, POP, PICK position acquisition, and if required, 3D map

acquisition or SEARCH are performed.
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: IF R[8]=1,JMP LBL[500]
- JMP LBL[300]

: LBL[100]
© CALL BINPICK_ACQUIRE3DMAP('SENSOR1')

: LBL[200]
© CALL BINPICK_SEARCH(L,1,4)
: IF R[4]=0,JMP LBL[300]

: ISEARCH FAIL

: R[1]=1

. R[3]=1 1

eno

0N UAWN P

: LBL[300]
: CALL BINPICK_POP(1,5,6)
© IF R[5]=0,JMP LBL[400]
: IPOP FAIL
: JMP LBL[100]

-
> ©

: R[3]=1

_ 

If the PICK position calculated by the
previous execution of background
process exists, the background process
ends.

Go to the process to pop a part data.

Execute a SEARCH vision process.

If the SEACH process fails to find
part, set the R[1] to 1(No Part found)
and the R[3](Terminate subprogram)
to 1 and terminate this program.

If any part data is not popped, move to
a position to snap an image.

: LBL[400]
: CALL BINPICK_GETPICKPOS(1,1,7,20,21,22)

: IF R[7]=0,JMP LBL[410]
. IGETPICKPOS FAIL
: CALL BINPICK_SETSTAT(1,22)

If the BINPICK_GETPICKPOS fails,
pop a new part data.

: JMP LBL[300] —

: LBL[410]
: R[8]=1

The register indicating that a PICK
position calculated by the background
process exists set to 1(Exist).

: LBL[500]

If the BINPICK_GETPICKPOS
succeeds, the background process
ends.
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BIN_PICKING_SUB2.TP

For example, for a part in Container 2, POP, PICK position acquisition, and if required, 3D map

acquisition or SEARCH are performed.

1

IF R[108]=1,JMP LBL[500]
: JMP LBL[300]
. LBL[100]
: CALL BINPICK_ACQUIRE3DMAP('SENSOR2")

© LBL[200]
: CALL BINPICK_SEARCH(2,1,104)

: ISEARCH FAIL
: R[1]=1

: R[3]=1 -I
-eno

: LBL[300]
: CALL BINPICK_POP(2,105,106)
: IF R[105]=0,JMP LBL[400]

: IPOP FAIL

: JMP LBL[100]

: LBL[400]

. CALL BINPICK_GETPICKPOS(2,1,107,120,121,122)
: IF R[107]=0,JMP LBL[410]

. IGETPICKPOS FAIL

: CALL BINPICKM
: IMP LBL[300]

: LBL[410]
: R[108]=1

: LBL[500]
. R[3]=1

If the PICK position calculated by the
previous execution of background
process exists, the background process
ends.

Go to the process to pop a part data.

IF R [104]=0,JMP LBL[300]

Execute a SEARCH vision process.

If the SEACH process fails to find
part, set the R[1] to 1(No Part found)
and the R[3](Terminate subprogram)
to 1 and terminate this program.

If any part data is not popped, move to
a position to snap an image.

If the BINPICK_GETPICKPOS fails,
pop a new part data.

The register indicating that a PICK
position calculated by the background
process exists set to 1(Exist).

If the BINPICK_GETPICKPOS
succeeds, the background process
ends.
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Appendix A. TROUBLESHOOQOTING

A TROUBLESHOOTING

This chapter describes problems that are likely to occur in the iRVision Bin Picking system and their
remedies.

A.l EXECUTING KAREL PROGRAMS FOR INTERFERENCE
AVOIDANCE CAUSES AN ALARM

The following alarms may occur when the KAREL Programs for Interference Avoidance are executed.
Confirm the cause of the alarm and take action.

PR[X] is uninitialized
Cause The possible causes are described below.

e The value of the position register in which the target position is set is

uninitialized.
e The value of the position register in which the frame offset value is set is
uninitialized.
e  The value of the position register in which the tool offset value is set is
uninitialized.
Remedy Set a target position, offset value, or tool offset value in the specified position
register.
lllegal PR [X] type
Cause The possible causes are described below.

e  The value of the position register in which the target position is set is in joint

format.
e  The value of the position register in which the offset value is set is in joint
format.
e  The value of the position register in which the tool offset value is set is in joint
format.
Remedy Change the format of the target position, frame offset, or tool offset position

register to cartesian or matrix format.

lllegal offset type

Cause A value other than V or O is set in the second argument of IACHECK.PC,
IACALAVOID.PC, or IAAVDWALL.PC.

Remedy Set V or O in the second argument.
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VR[X] is uninitialized

Cause The value of the vision register in which the vision offset value is set is
uninitialized.
Remedy Set a vision offset value in the specified vision register.

CVIS-389 Invalid data is specified

Cause The possible causes are described below.
e Anuntaught interference setup (system) is specified.
e  Anuntaught interference setup (robot) is specified.
e  Anuntaught interference setup (condition) is specified.
e Aninterference setup (condition) of an invalid mode is specified.

Remedy Check that the specified interference setup (system), interference setup (robot), or

interference setup (condition) has been taught. Check whether an interference setup
(condition) of an invalid mode is specified.

CVIS-397 Invalid name is specified

Cause The possible causes are described below.

e  Anonexistent or untaught interference setup (system) is specified.
e A nonexistent or untaught interference setup (robot) is specified.
e A nonexistent or untaught interference setup (condition) is specified.

Remedy Check that the specified interference setup (system), interference setup (robot), or

A.2

interference setup (condition) exists.

IDENTIFYING AN INTERFERING OBJECT

If it is determined that interference occurs through the interference avoidance function or parts list
manager, you can check the interfering object as follows.

1 On the teach pendant, press the [MENU] key — [iRVision] — [Bin Picking Cfg] and press the
[Enter] key. The [Bin Picking Cfg] screen appears.

2 Move the cursor to [Interference Avoidance Configuration] and press F2 [DETAIL].
The interference avoidance configuration detail screen appears.

3 Move the cursor to [Update IA 4D Graphics At Run Time:] and press F4 [ON].

4  Re-execute the macro program (BINPICK_GETPICKPOS, etc.) or KAREL program
(IMGETPICKPOS, IACALAVOID, etc.) for which it is determined that interference has occurred.

5  Pressthe [MENU] key -> [4D GRAPHICS] -> [4D Display] and press the [Enter] key.
The [4D GRAPHICS Display] screen appears.

6  Move the cursor to F1 [TYPE] -> [4D Bin Picking IA] and press the [Enter] key.
The [4D GRAPHICS Bin-Picking IA] screen appears. The interfering object appears as shown in the
figure below. Check the interfering object.
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Fault SRVO-003 Deadman switch released
i 108 LINE 0 il ABORTED KI[RIE

RAPHICS Bin-Picking IA

[TYPE ] SELECT ZO0OM PAN ROTATE

/A CAUTION
If [Update 1A 4D Graphics At Run Time:] is still set to [ON] and the system is
operated, the cycle time will be affected. After checking the interfering object,
make sure to set [Update 1A 4D Graphics At Run Time:] to [OFF].

A.3 THE ROBOT DOES NOT PROCEED TO PICK UP A PART
EVEN THOUGH THE PART IS DETECTED

Cause If the robot does not proceed to pick up a part even though the part is detected, only
blacklist part data may remain in the parts list.

Remedy Check this using the Part Data Monitor of the Parts List Manager. If the parts list
contains only blacklist part data, execute IPCLR.PC using a TP program to clear
the parts list of all data including the blacklist part data. Then, execute the TP
program that performs bin picking.

A.4 THE ROBOT PROCEEDS TO PICK UP A PART WHERE
NO PART IS PRESENT

If the robot proceeds to pick up a part where no part is present, the possible causes are as follows:

Causel A part was mistakenly detected in the SEARCH or FINE vision process.

Remedyl Using the monitor, check whether there is any part mistakenly detected during the
execution of the SEARCH or FINE vision process near the position where the robot
attempted to pick up a part. If a part was mistakenly detected, adjust the vision
process parameters to prevent such mistaken detection.

Cause?2 The calibration data is not correct.
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Remedy2

Cause3

Remedy3

If the robot proceeds to pick up a part where no part is present even though a part
has been detected properly in the SEARCH or FINE vision process, the calibration
data used in the SEARCH or FINE vision process may be incorrect. Touch up the
found position of the vision process using the robot in order to check whether the
found position is correct. If the position is not correct, perform calibration again.

The robot attempts to pick a part that has already been picked.

This phenomenon is prone to occur when the 3D Peak Locator Tool is used. Since
the 3D Peak Locator Tool is intended to detect the positions of 3D points that
become the highest 3D points in a region (local peaks) from a 3D point group, it
may detect multiple vertexes in a single part, as shown in the following figure.

Vertex2
z Vertex1

Part

Part with multiple vertexes detected

Pushing the vertexes detected in this way to the parts list results in multiple sets of
part data existing for a single part. Consequently, when part data that has Vertex 2
as its detection result is popped up after a part is picked according to the part data
that has Vertex 1 as the detection result, the robot proceeds to pick up a part where
no part is present, because the part has already been picked.

To prevent this phenomenon, take the following steps:

e  To prevent the robot from detecting more than one vertex for a single part, set
a large value in [Search Range] for the 3D Peak Locator Tool.

e To prevent the vertexes of the same part from being pushed to the parts list, set
a large value in [Range] of [Duplication Check] in [Push Part Data Setup] of
the Parts List Manager.

e  To delete the data of the part that was near the successfully picked part and
whose status is Awaiting, select [Delete] for [Process] and set a value
equivalent to the size of the part in [Range] when setting the process for the
part in [PICK SUCCESS] of [Status Setup List] of the Parts List Manager.
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A.5 THE GRID FRAME SET DOES NOT OPERATE AS
EXPECTED

If the Grid Frame Set does not operate as expected, first check the information provided here.
[CVIS-020 Big circles cannot be distinguished] is issued.

Cause While measuring the grid pattern, the grid pattern cannot be detected or something
that does not represent a dot is falsely detected because the exposure time is not
appropriate. As a result, the alarm appears when the four large black circles of the
calibration grid could not be detected.

Remedy The Vision Runtime shows the image when a measurement failed. Check the image
and adjust the conditions for image capture. When the four large dots could not be
detected because some of them went outside of the camera's field of view, take any
of the following measures.

e Lengthen the camera target distance so that the grid pattern is seen smaller in
the field of view.

e  Use asmaller grid pattern.

e  Use alens with smaller focal length.

e Rotate the camera or the grid pattern so that the X axis of the grid pattern does
not point below the camera's field of view.

[CVIS-015 Too few calibration points] is issued.

Cause While measuring the grid pattern, this alarm appears when the number of detected
dots from the calibration grid is less than 4. This alarm also appears when the
camera is disabled because of a hardware failure.

Remedy Check for a hardware failure. Check whether the calibration grid is contained in the
camera's field of view when the robot is placed at the measurement start position,
whether the exposure time is appropriate, and whether the camera port number is
correct.

The program was terminated abnormally with an error.

Cause During the grid frame setting, when an alarm appears, the program is forced to
terminate.
Remedy Modify the settings to allow for correct measurement and then execute the program

from the beginning.
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A.6 THERE IS AN AREA IN WHICH 3D POINTS CANNOT BE
ACQUIRED

If there is an area in which 3D points are not acquired, adjust the conditions for acquiring a 3D map by
referring to "References: 3.4.4 Adjusting the Conditions for Acquiring a 3D Map".

If any areas where 3D points cannot be acquired persist, refer to "References: 3.4 SETUP PROCEDURES
OF 3D AREA SENSOR" and ensure that the 3D Area Sensor settings are correct.
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