OMmRON

Vision Sensor
FH Series
Vision System

Processing Item Function Reference Manual for 3D Ro-
bot Vision

FH-5050
FH-SMDA-GS050B




— NOTE

* All rights reserved.

* No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any
form, or by any means, mechanical, electronic, photocopying, recording, or otherwise, without the
prior written permission of OMRON.

* No patent liability is assumed with respect to the use of the information contained herein. Moreover,
because OMRON is constantly striving to improve its high-quality products, the information con-
tained in this manual is subject to change without notice. Every precaution has been taken in the
preparation of this manual. Nevertheless, OMRON assumes no responsibility for errors or omis-
sions.

Neither is any liability assumed for damages resulting from the use of the information contained in
this publication.

— Trademarks

* Sysmac and SYSMAC are trademarks or registered trademarks of OMRON Corporation in Japan
and other countries for OMRON factory automation products.

* This software is based in part on the work of the Independent JPEG Group.

* Microsoft, Windows, Windows Vista, Excel, and Visual Basic are either registered trademarks or
trademarks of Microsoft Corporation in the United States and other countries.

* Intel, Core and Pentium are trademarks of Intel Corporation in the U.S. and/or other countries.

* EtherCAT® is registered trademark and patented technology, licensed by Beckhoff Automation
GmbH, Germany.

* ODVA, CIP, CompoNet, DeviceNet, and EtherNet/IP are trademarks of ODVA.

* The SD, SDHC, microSD, and microSDHC logos are trademarks of SD-3C, LLC.

- S micro Mo
S» 25 M2

* QR Code is a registered trademark of DENSO WAVE INCORPORATED.

* MELSEC is a registered trademarks of Mitsubishi Electric Corporation.

Other company names and product names in this document are the trademarks or registered trade-
marks of their respective companies.

— Copyrights
Microsoft product screen shots used with permission from Microsoft.




Introduction

Introduction

Thank you for purchasing the FH series 3D robot vision system.

This manual contains information that is necessary to use the FH series 3D robot vision system.
Please read this manual and make sure you understand the functionality and performance of the FH
series 3D robot vision system before you attempt to use it in a control system.

Keep this manual in a safe place where it will be available for reference during operation.

Intended Audience

This manual is intended for the following personnel, who must also have knowledge of electrical sys-
tems (an electrical engineer or the equivalent).

» Personnel in charge of introducing FA systems.

» Personnel in charge of designing FA systems.

» Personnel in charge of installing and maintaining FA systems.

» Personnel in charge of managing FA systems and facilities.

Applicable Products

This manual covers the following products.
» FH-5050, FH-SMDA-GS050B

Part of the specifications and restrictions are given in other manuals. Refer to Relevant Manuals on
Related Manuals on page 16.
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Manual Structure

Manual Structure

Page Structure

The following page structure is used in this manual.

4 Installation and Wiring —————— LeVeI 1 heading
Level 2 heading
Level 2 heading———— 4-3 Mounting Units — Level 3 heading

Gives the current
4-3-1 Connecting Controller Components headings.
The Units that make up an NJ-series Controller can be connected simply by pressing the Units together

and locking the sliders by moving them toward the back of the Units. The End Cover is connected in the
same way to the Unit on the far right side of the Controller.

A step in a procedure —————————— 17 sointhe units so that the connectorsft exactly.

Level 3 heading ——

Hook Hook holes

Indicates a procedure. N comectr |
£ 78

syun Bupunow -y

— Page tab

Gives the number
of the main section.

2 The yellow sliders at the top and bottom of each Unit lock the Units together. Move the sliders
toward the back of the Units as shown below until they click into place.

Move the sliders toward the back
until they lock into place.

SUBUOIOD 110D U0 16 T

Special information L} fons Tor Coeet Use

The sliders on the tops and bottoms of the Power Supply Unit, CPU Unit, /0 Units, Special /0

. . Units, and CPU Bus Units must be completely locked (until they click into place) after connecting
ICOnS |nd|Cate the adjacent Unit connectors.

precautions, additional
information, or reference

information.

®nge

NJ-series CPU Unit Hardware User's Manual (W500) 49

Manual name

Note This illustration is provided only as a sample. It may not literally appear in this manual.

Special Information

Special information in this manual is classified as follows:

Precautions for Safe Use

Precautions on what to do and what not to do to ensure safe usage of the product.

M Precautions for Correct Use

Precautions on what to do and what not to do to ensure proper operation and performance.
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Manual Structure

@ Additional Information

Additional information to read as required.
This information is provided to increase understanding or make operation easier.

Conventions Used in This Manual

Use of Quotation Marks and Brackets
In this manual, menus and other items are indicated as follows.

Bold Menu Indicates the menu bar, button, and icon.
Italic Iltem name Indicates the item and area names displayed on the screen.
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Terms and Conditions Agreement

Terms and Conditions Agreement

Warranty, Limitations of Liability

I Warranties

® Exclusive Warranty

Omron’s exclusive warranty is that the Products will be free from defects in materials and
workmanship for a period of twelve months from the date of sale by Omron (or such other period
expressed in writing by Omron). Omron disclaims all other warranties, express or implied.

@ Limitations

OMRON MAKES NO WARRANTY OR REPRESENTATION, EXPRESS OR IMPLIED, ABOUT
NON-INFRINGEMENT, MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE OF
THE PRODUCTS. BUYER ACKNOWLEDGES THAT IT ALONE HAS DETERMINED THAT THE
PRODUCTS WILL SUITABLY MEET THE REQUIREMENTS OF THEIR INTENDED USE.

Omron further disclaims all warranties and responsibility of any type for claims or expenses based
on infringement by the Products or otherwise of any intellectual property right.

® Buyer Remedy

Omron’s sole obligation hereunder shall be, at Omron’s election, to (i) replace (in the form originally
shipped with Buyer responsible for labor charges for removal or replacement thereof) the non-
complying Product, (ii) repair the non-complying Product, or (iii) repay or credit Buyer an amount
equal to the purchase price of the non-complying Product; provided that in no event shall Omron be
responsible for warranty, repair, indemnity or any other claims or expenses regarding the Products
unless Omron’s analysis confirms that the Products were properly handled, stored, installed and
maintained and not subject to contamination, abuse, misuse or inappropriate modification. Return
of any Products by Buyer must be approved in writing by Omron before shipment. Omron
Companies shall not be liable for the suitability or unsuitability or the results from the use of
Products in combination with any electrical or electronic components, circuits, system assemblies
or any other materials or substances or environments. Any advice, recommendations or
information given orally or in writing, are not to be construed as an amendment or addition to the
above warranty.

See http://www.omron.com/global/ or contact your Omron representative for published information.

| Limitation on Liability; Etc

OMRON COMPANIES SHALL NOT BE LIABLE FOR SPECIAL, INDIRECT, INCIDENTAL, OR
CONSEQUENTIAL DAMAGES, LOSS OF PROFITS OR PRODUCTION OR COMMERCIAL LOSS IN
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Terms and Conditions Agreement

ANY WAY CONNECTED WITH THE PRODUCTS, WHETHER SUCH CLAIM IS BASED IN
CONTRACT, WARRANTY, NEGLIGENCE OR STRICT LIABILITY.

Further, in no event shall liability of Omron Companies exceed the individual price of the Product on
which liability is asserted.

Application Considerations

I suitability of Use

Omron Companies shall not be responsible for conformity with any standards, codes or regulations
which apply to the combination of the Product in the Buyer’s application or use of the Product. At
Buyer’s request, Omron will provide applicable third party certification documents identifying ratings
and limitations of use which apply to the Product. This information by itself is not sufficient for a
complete determination of the suitability of the Product in combination with the end product, machine,
system, or other application or use. Buyer shall be solely responsible for determining appropriateness
of the particular Product with respect to Buyer’s application, product or system. Buyer shall take
application responsibility in all cases.

NEVER USE THE PRODUCT FOR AN APPLICATION INVOLVING SERIOUS RISK TO LIFE OR
PROPERTY OR IN LARGE QUANTITIES WITHOUT ENSURING THAT THE SYSTEM AS A WHOLE
HAS BEEN DESIGNED TO ADDRESS THE RISKS, AND THAT THE OMRON PRODUCT(S) IS
PROPERLY RATED AND INSTALLED FOR THE INTENDED USE WITHIN THE OVERALL
EQUIPMENT OR SYSTEM.

I Programmable Products

Omron Companies shall not be responsible for the user’s programming of a programmable Product, or
any consequence thereof.

Disclaimers

I Performance Data

Data presented in Omron Company websites, catalogs and other materials is provided as a guide for
the user in determining suitability and does not constitute a warranty. It may represent the result of
Omron’s test conditions, and the user must correlate it to actual application requirements. Actual
performance is subject to the Omron’s Warranty and Limitations of Liability.

I Change in Specifications

Product specifications and accessories may be changed at any time based on improvements and
other reasons. It is our practice to change part numbers when published ratings or features are
changed, or when significant construction changes are made. However, some specifications of the
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Terms and Conditions Agreement

Product may be changed without any notice. When in doubt, special part numbers may be assigned to
fix or establish key specifications for your application. Please consult with your Omron’s representative
at any time to confirm actual specifications of purchased Product.

I Errors and Omissions

Information presented by Omron Companies has been checked and is believed to be accurate;
however, no responsibility is assumed for clerical, typographical or proofreading errors or omissions.
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Safety Precautions

Safety Precautions

For details on Safety Precautions, refer to Safety Precautions in the Vision System FH Series
Hardware Setup Manual for 3D Robot Vision (Cat. No. Z436).
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Precautions for Safe Use

Precautions for Safe Use

For details on Precautions for Safe Use, refer to Precautions for Safe Use in the Vision System FH
Series Hardware Setup Manual for 3D Robot Vision (Cat. No. Z436).
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Precautions for Correct Use

Precautions for Correct Use

For details on Precautions for Correct Use, refer to Precautions for Correct Use in the Vision System
FH Series Hardware Setup Manual for 3D Robot Vision (Cat. No. Z436).
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Regulations and Standards

Regulations and Standards

For details on Regulations and Standards, refer to Regulations and Standards in the Vision System
FH Series Hardware Setup Manual for 3D Robot Vision (Cat. No. Z436).
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Related Manuals

Related Manuals

The followings are the manuals related to this manual. Use these manuals for reference.

Name of Manual Cat. No.. Model Purpose Contents
Vision System 3102269-4 FH-2000 To confirm the safety | Describes the definitions of basic
FH Instruction Sheet FH-5000 and usage precau- terms, meaning of signal words, and
FH-2000-00 tions of the Vision precautions for correct use of FH
FH-5000-00 System FH series series in the manual.
Sensor Controller.
3D Vision Sensor 3290410-0 FH-SMDA-GS050B To confirm the safety | Describes the definitions of basic
FH-SMDA Instruction and usage precau- terms, the meaning of signal words,
Sheet tions of the 3D Vision | and precautions for correct use of
Sensor FH-SMDA. 3D Vision Sensor FH-SMDA in the
manual.
FH Application Software 5665477-6 FH-UM3D1 To confirm the safety | Describes the definitions of basic
FH-UM3D1 Instruction and usage precau- terms, product specifications, how to
Sheet tions of the FH Appli- | use, meaning of signal words, and
cation Software FH- | precautions for correct use of FH Ap-
UM3D1. When User | plication Software FH-UM3D1 in the
want to know about manual.
the hardware specifi-
cations or to setup
the FH Application
Software FH-
UM3D1.
Vision System 7446 FH-5050 When User want to Describes the soft functions, setup,
FH series FH-SMDA-GS050B know about the FH and operations to use FH series 3D
3D Robot Vision Applica- series 3D robot vi- robot vision system.
tion Construction Guide sion system.
Vision System 7436 When User want to Describes FH series 3D robot vision
FH series know about the system specifications, dimensions,
Hardware Setup Manual Hard-ware specifica- | part names, 1/O information, installa-
for 3D Robot Vision tions or to setup the | tion information, and wiring informa-
Sensor Controller of | tion.
the FH series 3D ro-
bot vision system.
Vision System Z445 When User confirm Describes the software functions,

FH series

Processing Item Function

Reference Manual for 3D
Robot Vision

the details of each
processing items at
the create the meas-
urement flow or op-
erate it.

settings, and operations for using FH
series 3D robot vision system.
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Related Manuals

Name of Manual Cat. No.. Model Purpose Contents

Vision System 7365 FH-100O0O When User want to Describes the soft functions, setup,
FH/FHV Series FH-1O0O0O-00 know about the and operations to use FH/FHV ser-
User's Manual FH-2000 FH/FHV series. ies.
Vision System 7341 FH-2000-00 When User confirm | Describes the software functions,
FH/FHV series FH-3000 the details of each settings, and operations for using
Processing Item Function FH-3000-00 processing items at | FH/FHV series.
Reference Manual FH-5000 the create the meas-

FH-5000-00 urement flow or op-

FH-LOOO erate it.
Vision System 7342 FR-LOOO-00 When User confirm Describes the functions, settings,
FH/FHV Series FHV7U-00000-C the setting of com- and communications methods for
User's manual for Commu- FHV70-00000-S0D munication functions. | communication between FH/FHV
nications Settings FHV7U-00000-S00-0 series and PLCs.

U The following communications proto-

FHV70-00000-HOD col are described.

FHV7O-00000-HOO-0 Parallel, PLC Link, EtherNet/IP,

o EtherCAT, and Non-procedure.
Vision System 7367 FH-100O0O When User operate Describes the functions, settings,
FH series FH-1O0O0O-00 or programming us- | and operations for using Macro Cus-
Macro Customize Func- FH-2000 ing Macro Customize | tomize function of the FH series.
tions Programming Manual FH-2000-00 functions.

FH-3000

FH-3000-00

FH-5000

FH-5000-00

FH-LOOO

FH-LOOO-0O
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Revision History

Revision History

A manual revision code appears as a suffix to the catalog number on the front and back covers of the
manual.

Cat. No.| Z445-E1-01 |
T

Revision code

Software Ver-

Rev. Code Rev. Date Revision Contents sion

01 Feb. 2021 Original production -
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Input Image
]

This chapter describes how to load images from cameras.

1-1  FH series 3D robot vision system Processing items..........ccccccvvvvevrrrenennnns 1-2
1-1-1 INPUL IMAGE ...t 1-2
1-2 Cameralmage INput AOS ... 1-3
1-2-1 Settings Flow (Camera Image Input AOS) ........oooiiiiiiiiiiiiiicec e 1-5
1-2-2 Camera setting(3D) (Camera Image Input AOS).........cooiiiiiiiieiiiiiiieeeeee 1-5
1-2-3 Camera setting(2D) (Camera Image Input AOS).......ccccveiiiireiiieeeiie e 1-12
1-2-4 Output setting (Camera Image Input AOS)........cooiiiiiiiiiiiiie e 1-14
1-2-5 Select camera (Camera Image INput AOS) .......cooiiiiiiiiiiiiiieeee e 1-16
1-2-6 Key Points for Test Measurement and Adjustment (Camera Image
INPUL ADS) ...ttt ettt ettt ettt 1-19
1-2-7 Measurement Results for Which Output is Possible (Camera Image
LT oTU AN TSRS 1-21
1-2-8 External Reference Tables (Camera Image Input AOS)........ccccovviiveiiennns 1-22

FH Series Vision System Processing Item Function Reference Manual for 3D Robot Vision (Z445-E1) 11




1 Input Image

1-1  FH series 3D robot vision system
Processing items

In FH series 3D robot vision system, the processing items that can be used with the FH series are
different. The following shows the usability of processing items of FH series 3D robot vision system.
Refer to the Vision System FH/FHV Series Processing ltem Function Reference Manual (Cat. No.
Z341), for information on each processing item other than the FH series 3D robot vision systemproc-
essing items.

M Precautions for Correct Use

FH series 3D robot vision system cannot load data including processing items which it cannot
be handled.

1-1-1 Input image

Processing item Support Processing item Support
Camera Image Input AOS *! OK Photometric Stereo Image Input -
Camera Image Input - Camera Switching -
Camera Image Input FH - Measurement Image Switching OK
Camera Image Input FHV - Multi-Trigger Imaging -
Camera Image Input HDR - Multi-Trigger Imaging Task -

Camera Image Input HDR Lite -

*1. This is a processing item specific to the FH series 3D robot vision system.
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1 Input Image

1-2 Camera Image Input AOS

This is a processing item specific to the FH series 3D robot vision system.

Set the conditions for loading images from the camera and for storing images of the measured ob-
jects. This processing item must be used when measuring.

In the camera image Input AOS (Active One Shot) processing item, 3D measurement is performed by
one pattern projection imaging. The system captures images from a dedicated 3D vision sensor (FH-
SMDA-GS050B) and outputs a depth map (i.e., an image that holds the 3D position [mm] in X, Y, and
Z seen from the camera as pixel values) as a measurement image for use by other dedicated process-
ing items for FH series 3D robot vision system. The 3D vision sensor emits a pattern light for 3D
measurement in synchronization with the imaging trigger. The projected pattern image is then convert-
ed into a depth map in this processing item.

You can switch the lighting to 2D LED lighting to capture non-pattern images (normal grayscale im-
ages).

I Used in the Following Case

-,

/’ \\

;. [Camera Setting] \\
H - Shutter speed \
\ - Camera gain )

\ . /

\ /
\\\' ’,’I
h I c—mmm== -
1,/
¥ g M
[ ! ageo
00
E

0 @ i
3D Camera

Sensor controller
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1 Input Image

M Precautions for Correct Use

Camera Image Input AOS is preset for Unit 0. Do not set any processing item other than
camera image input for Unit 0.

It cannot be used in Double Speed Multi-input, Non-stop Adjustment Mode, or Multi-line
Random Trigger Mode.

If a camera is connected which is different from the one for the previous settings, the camera
settings are returned to their initial settings.

Just after starting up the Sensor Controller or just after changing scenes, it becomes no
image input.

If a logging image is re-measured with 3D vision sensor settings that differ from those used
for logging, the results are not correct.

If the Camera Configuration Tool, etc. is used to set the Camera No. to a value other than O,
the system does not operate properly.

To capture 3D and 2D images continuously for image logging, you must set Multiple image
logging to ON in Tool — System setting — Other — Logging setting.

If the shutter speed setting is different between the 3D and 2D images, there will be an
overhead of about [3D shutter speed setting + 2D shutter speed setting + 90] ms compared
with the same shutter speed setting. Even with the same shutter speed setting, there will be
an overhead of about 10 ms if the gain setting is different.

FH Series Vision System Processing Item Function Reference Manual for 3D Robot Vision (Z445-E1)



1 Input Image

%
o
3
1-2-1  Settings Flow (Camera Image Input AOS) 3
3
To set Camera Image Input AOS, follow the steps below. %
Set as necessary. -§
Start 2
hd <llllllllllll! o
( Select Camera (Camera Image Input AOS) ) :
|
( Camera Setting(3D) (Camera Image Input AOS) J :
m e
( Camera Setting(2D) (Camera Image Input AOS) ) u N
u A
( Output Setting (Camera Image Input AOS) ) : g
m 7
e [ E
Settings complete = )
u 5
v ] g
Check results/make adjustments ™ 3
Test measurement I EEENE EEEEEENR 3
]
H
5
I List of Camera Image Input AOS Inspection Items 2

Item Description

Camera setting(3D) Set the camera conditions for 3D imaging.
1-2-2 Camera setting(3D) (Camera Image Input AOS) on page 1-5

Camera setting(2D) Set the camera conditions for 2D imaging.
1-2-3 Camera setting(2D) (Camera Image Input AOS) on page 1-12

Output setting Set the measurement image to output.
1-2-4 Output setting (Camera Image Input AOS) on page 1-14

Select camera Select the camera to use for measurement.
1-2-5 Select camera (Camera Image Input AOS) on page 1-16

1-2-2  Camera setting(3D) (Camera Image Input AOS)

Set the camera conditions for 3D imaging.
Set the following photographing conditions
* View on page 1-5

» Camera settings on page 1-6

» Measurement settings on page 1-7

» Measurement results on page 1-8

» Display settings on page 1-9

M Precautions for Correct Use

Perform the setting with the following procedures according to the usage environment.

| view

Switches the display in the Image display area.
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1 Input Image

1 In the Item tab area, click the Camera setting(3D) tab.
You can also set this from the Camera setting(2D) or Output setting tab.

Camera sefting (3D} | Camera setting (2D)|  Output setting Select camera

2 Click Change display to select the type of camera image.
The display in the Image display area will switch.

View

Freeze image display Change display |

Setting value

Setting it D ipti
etting item [Factory default] escription
Display * Through image | Through image:
* [Freeze image] The latest image is always loaded from the camera and

displayed.

* Freeze image:
The image loaded in the immediately preceding measure-
ment is displayed.

I Camera settings

Adjust the settings related to camera shutter speed, camera gain, and light gain.
Adjust so that the light projection pattern can be seen on the workpiece as shown in the figure below.

Set the shutter speed to adjust the exposure time.

Adjust the camera gain when images cannot be brightened through the shutter speed or lighting con-
ditions. Usually, the factory default values can be used.

Example:
Camera gain Screen Image
208 Bad (noise increases) Bright
0 Good (noise decreases) Dark

Adjust the light gain when images must be brightened.

1 In the Item tab area, click the Camera setting(3D) tab.
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1 Input Image

Camera setting (3D) | Camera setting (2D) QOutput setting Select camera

2 In the Camera settings area, place a check at the 3D imaging ON option.

Camera settings

¥ 3Dimaging ON

Shutter speed : IW_] [us]
Camera gain : I—O;l
Light gain : l—mgL’
L. Setting value o
Setting item [Factoryg default] Description
3D imaging ON * [Checked] Check this to capture 3D images.
* Unchecked

3 Set the shutter speed, camera gain, and light gain while checking the image.

Camera sett ings

¥ 3D imaging ON

Shutter speed: [ 50000 .| s
Camera gain : I—O;l
Light gain : l—mOL’
L. Setting value . L.
Setting item [Factoryg default] Description
Shutter speed 1,000 to 50,000 Set the shutter speed to adjust the exposure time.
[us] [50,000]

Camera gain 0 to 208 [0] Adjust the camera gain when images cannot be brightened
through the shutter speed or lighting conditions. Usually, the
factory default values can be used.

Light gain 25,30,35,40,45,50, | Set the intensity of the light emitted for imaging.

55,60,65,70,75,80,
85,90,95,100 [100]

SOV induj abew| eiswed z-1
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I Measurement settings

Make the settings related to measurement.

1 In the Item tab area, click the Camera setting(3D) tab.

Camera sefting (3D) | Camera setting (2D) Qutput setting Select camera

2 Set the value in the Measurement settings area.
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1 Input Image

Measurement settings

Measurement range of Z:

[ oo ||

Detection point :

Eﬂﬂﬁﬂﬁﬂj[mml
L]
oLl ol | |2
4
sl <]>]wa

Width of detection region :

Height of detection region : |_5u E,Zl [px]
Setting item [Fii:::rrf::fl::l 4 Description
Measurement 200.0000 to Set the upper and lower limits of the measurement range
range of Z 2,000.0000 [mm] [mm] in which to restore 3D point clouds.
[400.0000] to
[600.0000]
Detection point 0 to 9,999 Set the detection point for which to check the measurement

0], [0]

results.
You can also set this by directly clicking the measurement
image.

Width of detection
region

1 to0 9,999 [px]
[5]

Set the width of the region for which to calculate the meas-
urement results.

Height of detection
region

110 9,999 [px]
[3]

Set the height of the region for which to calculate the meas-
urement results.

I Measurement results

You can check the measurement results.

1 In the Item tab area, click the Camera setting(3D) tab.

Camera setting (3D) | Camera setting (2D) OQutput setting Select camera

The measurement results are displayed in the Measurement results area.

Measurement results

Measment value X : 0.0000 [mm]
Measment value ¥ : 0.0000 [mm]
Measment value Z: 0.0000 [mm]
Maximum value of Z: 0.0000 [mm]
Minimum value of Z : 0.0000 [mm]
Average valueof Z: 0.0000 [mm]

Item Description

Measurement value X The X value [mm] of the detection point is displayed.

Measurement value Y The Y value [mm] of the detection point is displayed.

Measurement value Z The Z value [mm] of the detection point is displayed.

Maximum value of Z The maximum Z value [mm] of the measurement range is displayed.

FH Series Vision System Processing Item Function Reference Manual for 3D Robot Vision (Z445-E1)
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%

o)

Q

3

Item Description 3

Minimum value of Z The minimum Z value [mm] of the measurement range is displayed. g
Average value of Z The average Z value [mm] of the measurement range is displayed. 'ﬁ
3

s

>

o

77

I Display settings

You can change the display settings.

1 In the Item tab area, click the Camera setting(3D) tab.

Camera setting (3D) | Camera sefting (2D) Output setting I Select camera ‘

2 In the Display settings area, set the image to display.
The settings are applied to the display image from the processing item.

Display settings
Display image : * Distance image " Raw image (3D)
¥ Display colorimage

™ Display line bright

(SOV Induj ebew| eiswen) (gg)bumes eiswe) z-z-|

L. Setting value ..
Setting item [Factory default] Description
Display image * [Distance im- Select the image type of the display image.
age] * Distance image:
* Raw image (3D) A monochrome or color image converted from the distance
(the Z value in the depth map) is displayed.
* Raw image (3D): A pattern-light projected image is dis-
played.
Display color im- * [Checked] This setting item is enabled only when Display image is set
age * Unchecked to Distance image.
* Checked: The distance image is displayed as a color im-
age.
It is displayed in red (near) to blue (far). Also, the places
where measurement is not possible are displayed in black.
* Unchecked: The distance image is displayed as a mono-
chrome image.
It is displayed in white (near) to black (far). Also, the pla-
ces where measurement is not possible are displayed in
black.
Display line bright |« Checked * Checked: Display line bright is enabled.
* [Unchecked] Line Bright on page 1-12
* Unchecked: Display line bright is disabled.

» Distance image displayed as a color image

FH Series Vision System Processing Item Function Reference Manual for 3D Robot Vision (Z445-E1) 1-9



1 Input Image

0.Camera Image Input AOS

Camera setting (3D) [ Camera setting (ZD)l Output setting | Select camera

View

Freeze image display

Change display
L

Camera settings
¥ 3D imaging ON
Shutter speed :

Camera gain :

Light gain :

[ o000 ] pus

Measurement settings

Measurementrange of Z:

Detection point :

Width of detection region

Height of detection region -

[ oo
]
(o=, =] i_l B
1

600.0000 _l [mmi

el <]>]wa
<] >]wa

Measurement results
Measurement value X
Measurement value Y :
Measurement value Z :
Maximum value of Z:
Minimum value of Z :

Average value of Z:

359276 [mm]
39.2137 [mm]
4602446 [mm]
461.2341 [mm]
459.4065 [mm]
460.2984 [mm]

0.Camera Image Input AOS

49383| | (Display settings
Display image :
Rlale play imags

]

@ Depthimage ¢ Capturedimage

¥ Display color image
I Display line bright

OK Cancel

» Distance image displayed as a monochrome image

Camera setting (3D) | Camera setting (ZD)| Output setting | Select camera

View

Freeze image display

Change display
L

Camera settings
¥ 3D imaging ON
Shutter speed :
Camera gain :

Light gain :

[ soo00[ | s

Measurement settings

Measurement range of Z:

Detection point :

Width of detection region :

Height of detection region :

[~ 2000000] |-

]
=l Me=l«] [=]
1

600.0000 _' [mm]

el <]-]wa
el <]>]wa

Measurement results
Measurement value X :
Measurement value Y :
Measurement value Z :
Maximum value of Z:
Minimum value of Z:

Average value of Z:

-35.9276 [mm]
39.2137 [mm]
460.2446 [mm]
4612341 [mm]
459.4065 [mm]
460.2984 [mm]

Display line bright

49_333J Display settings
Display image :
}2 }; }2 play imag

& Depthimage ¢ Capturedimage
I™ Display color image

I~ Display line bright

OK Cancel
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1 Input Image

0.Camera Image Input AOS

Camera sefting (3D) | Camera setting (2D)

View

Freeze image display Change display

Camera settinas
¥ 3D imaging ON
Shutter speed - [ 50000 | s
Camera gain ,7:_]
Light gain - [ 100~

Measurement settings

Output setting Select camera

-
o
()
Q
3
]
=
1Y
3
D

«Q
(]
5

T
=
~-*
>
o
(7]

Measurement range of Z:

[ 2000000] - |-[" e00.0000] -] fmmy
Detection point : 1
=0l M=l <] o]
]
Width of detectionregion: [ 5| _ | jj 10X
Heightof detectionregion: [ 5| _| ;]j ipxl

(Measurement results

Measurement value X : -35.9276 [mm] |—49363 Display settings

Measurement value Y : 39.2137 [mm] ﬂﬂj Displayimage:  Depthimage ¢ Capturedimage
Measurement value Z : 460.2446 [mm] = I Display color image

Maximum value of Z - 461.2341 [mm] @ W Display line bright

Minimum value of Z: 459.4065 [mm]

Average value of Z: 460.2984 [mm]

0K Cancel

(SOV Induj ebew| eiswen) (gg)bumes eiswe) z-z-|

+ Raw image (3D)

0.Camera Image Input AQOS

Camera setting (3D) | Camera setting (2D)|  Output setting Select camera

View

Freeze image display Change display

Camera settinas

¥ 3Dimaging ON

Shutter speed : 50000 - | usi
Camera gain 3_-]
Light gain 100 v

Measurement settings

Measurement range of Z:

[ 2000000 . |-|" s00.0000] - | mem)

Detection point : T

[l [ =Ll 2]
4]

Width of deteclion region s-][ <] >] wa
Height of detection region : l_sJ ;lj [ox]

Measurement results

Measurement value X : -35.9276 [mm] |—49 383 Display settings

Measurement value Y : 39.2137 [mm] QEQ Displayimage: (" Depthimage (+ Capturedimage
Measurement value Z : 4602446 [mm] = I Display color image

Maximum value of Z : 461.2341 [mm] @ I Display line bright

Minimum value of Z : 4594065 [mm]

Average value of Z : 460.2984 [mm]

OK Cancel
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1 Input Image

® Line Bright

A graph showing gray distribution for one line in the image is called the Line bright. Each line bright
corresponding to R, G, B for any line in horizontal and vertical directions is displayed.

1 In the Display settings area, place a check at the Display line bright option.

isplay settings
Display image: (* Distance image  Raw image (3D)
¥ Display color image

I Display line bright

2 Move the line to a position whose density distribution is desired to see.

R, G, B graph lines Max. density value (red)

L Indicates the max. density value.

Coordinate axis (yellow)
This line is moved to the location in which
density is to be checked.

Set the camera conditions for 2D imaging.

The 2D imaging is used when the contour features are acquired from the 2D captured image in the 3D
Search processing item, or when the container is detected in the Container Detection processing
item.

Set the following photographing conditions

* View on page 1-13

» Camera settings on page 1-13

Precautions for Correct Use

Perform the setting with the following procedures according to the usage environment.
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1 Input Image

I View

Switches the display in the Image display area.

1 In the Item tab area, click the Camera setting(2D) tab.
You can also set this from the Camera setting(3D) or Output setting tab.

Camera setting (3D) | Camera setting (2D) Output setting Select camera

2 Click Change display to select the type of camera image.
The display in the Image display area will switch.

View
[ Freeze image display Change display

Setting value

Setting it D ipti
etting item [Factory default] escription
Display * Through image |°* Through image:
* [Freeze image] The latest image is always loaded from the camera and

displayed.

* Freeze image:
The image loaded in the immediately preceding measure-
ment is displayed.

I Camera settings

Adjust the settings related to camera shutter speed, camera gain, and light gain.

Set the shutter speed to adjust the exposure time.

Adjust the camera gain when images cannot be brightened through the shutter speed or lighting con-
ditions. Usually, the factory default values can be used.

Example:
Camera gain Screen Image
208 Bad (noise increases) Bright
0 Good (noise decreases) Dark

Adjust the light gain when images must be brightened.

1 In the Item tab area, click the Camera setting(2D) tab.

Camera setting (3D) | Camera setting (2D) Output setting Select camera

2 In the Camera settings area, place a check at the 2D imaging ON option.

FH Series Vision System Processing Item Function Reference Manual for 3D Robot Vision (Z445-E1) 113
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1 Input Image

Camera settings

[~ 2D imaging ON

Shutter speed : 50000 ] [us]
Camera gain : v
Light gain : 100 'l

Setting value

Setting item [Factory default]

Description

2D imaging ON * Checked Check this to capture 2D images.
* [Unchecked]

3 Set the shutter speed, camera gain, and light gain while checking the image.

Camera settings

¥ 2Dimaging ON

Shutier speed : [ s0000] | us
Camera gain : I—Dj
Light gain : |—100;|
Setting item [F:?::::rr‘;,::fl::l n Description
Shutter speed 1,000 to 50,000 Set the shutter speed to adjust the exposure time.
[us] [50,000]
Camera gain 0 to 208 [0] Adjust the camera gain when images cannot be brightened

through the shutter speed or lighting conditions. Usually, the
factory default values can be used.

Light gain 25,30,35,40,45,50, | Set the intensity of the light emitted for imaging.
55,60,65,70,75,80,
85,90,95,100 [100]

1-2-4  Output setting (Camera Image Input AOS)

Set the measurement image to output.

I View

Switches the display in the Image display area.

1 In the Item tab area, click the Output setting tab.
You can also set this from the Camera setting(3D) or Camera setting(2D) tab.

Camera sefting (30) | Camera setting (2D)|  Output setting Select camera

2 Click Change display to select the type of camera image.
The display in the Image display area will switch.

View
| Freeze image display Change display ’

FH Series Vision System Processing Item Function Reference Manual for 3D Robot Vision (Z445-E1)




1 Input Image

Setting item

Setting value
[Factory default]

Description

Display

* Through image
* [Freeze image]

* Through image:
The latest image is always loaded from the camera and
displayed.

* Freeze image:
The image loaded in the immediately preceding measure-
ment is displayed.

I Depth image setting

Set the depth image.

1

In the Item tab area, click the Output setting tab.

2 Set the value in the Depth image setting area.

I Measurement image settings

[Dapth image setting

Image type :

¢ Monochrome image ¢ Colorimage

Setting item

Setting value
[Factory default]

Description

Image type

* [Monochrome
image]
* Colorimage

Set the image type when Measurement image 0 is set to
Depth image.

Set the measurement image.

1
2

In the Item tab area, click the Output setting tab.

In the Measurement image settings area, the current measurement image settings are dis-

played.

Measurement image settings
Measurementimage 0 :

Measurementimage 1:

Captured image (2D)

Depth map

Setting item

Setting value
[Factory default]

Description

Measurement im-
age 0

* [Depth image]
» Captured image
(2D)

This item is set to Captured image (2D) when 2D imaging
ON is checked in Camera setting(2D).

Measurement im-
age 1

Depth map

Depth map: An image that holds the 3D position [mm] in X, Y,
and Z seen from the camera as pixel values

FH Series Vision System Processing Item Function Reference Manual for 3D Robot Vision (Z445-E1)
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1 Input Image

1-2-5  Select camera (Camera Image Input AOS)

Select the camera to use for measurement.

I Select setting

Set the camera number to use for measurement.

1 In the Item Tab area, click Select camera.

Camera sefting (3D) | Camera setting (2D) Output setting Select camera

2 The Camera No. in the Select setting is fixed to Camera 0. There is no need to set this.

Select setting
[ Camera No.: |Camera0 j

I Camera Information

Check information on the connected 3D vision sensor. To re-measure a logging image, load informa-
tion on the camera used during logging.

1 In the Item Tab area, click Select camera.

Camera sefting (3D) | Camera setting (2D) Output setting Select camera

2 In the Camera Information area, you can check information on the currently connected cam-
era.

«Camera Iinformation

Model :

Serial No. :

Camera status : Unconnected
Calibration date : Not complied with

I~ If the warmup is incomplete, the judgment is NG

Individual identification : Unconnected

The camera is not connected.

Save H Load ‘ Update
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Setting value

Setting item [Factory default] Description
Model The model of the connected camera is displayed.
If the camera is not connected, this item is left blank.
Serial No. The serial number of the connected camera is displayed.

If the camera is not connected, this item is left blank.

Camera status

1: OK

-1: Warmup

-2: Overheat
-3: Error (sys-
tem error 1, 12C
communication
error)

-4: Error (sys-
tem error 2,
heater connec-
tion error)

-5: Error (sys-
tem error 3,
heater tempera-
ture error)

-6: Error (sys-
tem error 4,
board tempera-
ture error)

-7: Error (sys-
tem error 5,
power supply
error)

-8: Error (Ether-
net comm. er-
ror)

-10: Unconnect-
ed

The warmup status of the connected camera is displayed.

To ensure stable measurement with the camera, the optical
components are controlled to a constant temperature. There-
fore, the system performs a few minutes of warmup after the
power is turned ON. The warmup time varies depending on
the ambient temperature and other conditions.

The status is OK if the warmup is completed and
Unconnected if the camera is not connected.

It is updated when you click Load or Update, or switch the
Item tab.

Calibration date

The date and time at which the camera was calibrated in the
Camera Calibration AOS processing item is displayed. (Ex-
ample: 2021/2/1 10:34:56)

If it is not calibrated, Not complied is displayed.

If the warmup is
incomplete, the
judgement is NG

Checked
[Unchecked]

If checked, the judgment result for this processing item is NG
if the warmup of the connected camera is incomplete.

Individual identifi-
cation

1: OK

-1: Error (un-
registered mod-
el)

-2: Error (un-
matched model)
-10: Unconnect-
ed

-11: Error (incor-
rect model)

The individual identification status of the connected camera
is displayed.

The status is OK if the individual identification of the camera
is completed and Unconnected if the camera is not connect-
ed.

FH Series Vision System Processing Item Function Reference Manual for 3D Robot Vision (Z445-E1)
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1 Input Image

Setting value

Setting it
etting ttem [Factory default]

Description

Save - Click this to start FileExplorer, with which you can save the
calibration data for the connected camera to a file.

If the camera is not connected and the calibration data for
the camera is not loaded, an error dialog will be displayed
when you save in the FileExplorer.

Error

Failed to save the AOS camera information file.

Load - Click this to start FileExplorer, with which you can load the
calibration data for the camera from a file.

Update - Click this to display the following confirmation dialog. Select
OK to reacquire the camera information.

Confirm

The camera information of this unit will be acquired from the connected camera and updated

OK Cancel

If the camera is not connected, an error dialog will be dis-
played when you select OK in the confirmation dialog.

Error

Failed to acquire the data.

o]

I Calibration parameter setting

1 In the Item Tab area, click Select camera.

Camera sefting (3D) | Camera setting (2D) Output setting Select camera

2 In the Calibration parameter setting area, set whether to get calibration parameters from the
sensor during measurement.

Calibration parameter setting

M Getfrom camera automatically during measurement
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Setting item

Setting value
[Factory default]

Description

Get from camera
automatically dur-
ing measurement

* [Checked]
* Unchecked

* Checked: The system automatically gets calibration pa-
rameters from the connected 3D vision sensor during
measurement. It does not get calibration parameters dur-
ing re-measurement of a logging image.

It takes 10 ms to get calibration parameters from the 3D vi-
sion sensor.

* Unchecked: The system uses the calibration parameters
held in the processing item to perform measurement.

1-2-6

age Input AOS)

The following content is displayed in the Detail result area as text.

m Precautions for Correct Use

Key Points for Test Measurement and Adjustment (Camera Im-

Executing test measurements will also update the measurement results and the figures in the

image.

Displayed item

Description

Judge

Judgment result

0: No judgment (unmeasured)

1: Judgment result OK

-1: Judgment result NG

-10: Error (image format mismatch)
-11: Error (unregistered model)
-12: Error (insufficient memory)
-20: Error (other errors)

Camera status

1: OK
-1: Warmup
-2: Overheat

-3: Error (system error 1, 12C communication error)
-4: Error (system error 2, heater connection error)
-5: Error (system error 3, heater temperature error)
-6: Error (system error 4, board temperature error)
-7: Error (system error 5, power supply error)

-8: Error (Ethernet comm. error)

-10: Unconnected

Individual identification

1: OK

-1: Error (unregistered model)
-2: Error (unmatched model)

-10: Unconnected

-11: Error (incorrect model)

Camera No.

The camera number to use for measurement

Measurement value X

The X value [mm] of the detection point

Measurement value Y

The Y value [mm] of the detection point

Measurement value Z

The Z value [mm] of the detection point

Average value of Z

The average Z value [mm] of the measurement range

Maximum value of Z

The maximum Z value [mm] of the measurement range

Minimum value of Z

The minimum Z value [mm] of the measurement range

FH Series Vision System Processing Item Function Reference Manual for 3D Robot Vision (Z445-E1)
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1 Input Image

The image specified in the Sub-image number in the image display setting is displayed in the Image
Display area.

Sub-image number

Description of image to be displayed

The measure image is displayed.

The depth image is displayed

The captured (2D) image is displayed.

WIN|=|O

The captured (3D) image is displayed.

I Key Points for Adjustment (Camera Image Input AOS)

Adjust the setting parameters referring to the following points.

® When the distance image is displayed in black, or partially in black

Parameter to be adjust-
ed

Remedy

Camera setting(3D) - 3D
imaging ON

Check 3D imaging ON in Camera setting(3D), if it is not checked.

Camera setting(3D) -
Measurement range of Z

The measurement object may not exist in the Measurement range of Z setting
in Camera setting(3D). Set the measurement range of Z wider, or move the
measurement object into the setting range.

Camera setting(3D) -
Shutter speed
Camera gain

Light gain

The pattern image may not be captured. Adjust the Shutter speed, Camera
gain, and Light gain in Camera setting(3D) so that the projected pattern is
clearly visible on the workpiece.

- (Calibration data of the
3D vision sensor)

The 3D vision sensor may not be calibrated accurately. Check the calibration
status.

Select camera

The calibration data loaded in the processing item may not match the calibration
data for the connected 3D vision sensor. Click Select camera, and then click the
Load button to load the information on the currently connected 3D vision sensor.

® When judgment is NG although 3D measurement is successful

Parameter to be adjust-
ed

Remedy

Select camera

The warmup of the 3D vision sensor may not be complete. Uncheck the If the
warmup is incomplete, the judgement is NG box and wait until the warmup is
completed.

® When a logging image does not produce the intended output

1-20

Parameter to be adjust-
ed

Remedy

Camera setting(3D)
Camera setting(2D)

The current settings may be different from the settings used when the logging
image was captured. Change the settings back to the settings used when the
logging image was captured.
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1 Input Image

® When judgment is NG with no image input

Parameter to be adjust-
ed

- If the Camera status is Overheat, the 3D vision sensor is warmed up beyond
the set point. Adjust the trigger interval so that it is not shorter than 1 s.

Remedy

SOV induj abew| eiswed z-1

If the Camera status is system error 1, system error 2, system error 3, system
error 4, or system error 5, and the ERR indicator on the 3D vision sensor is lit, a
system error occurred in the 3D vision sensor. In this case, request for a repair.

If the Camera status is Ethernet comm. error, the cable may be broken. Re-
place the LAN cable of the 3D vision sensor with a non-defective one, and re-
start both the FH series Sensor Controller and the 3D vision sensor.

® When the update of the image on the setting screen or the update interval
of the image in Through display is slow

Parameter to be adjust-
ed

- If the Camera status is Overheat, the 3D vision sensor is warmed up beyond

the set point. Stop updating or capturing the image for a while to allow the cam-
era to recover from the excessively warmed up state.

Remedy

1-2-7 Measurement Results for Which Output is Possible (Camera Im-
age Input AOS)

The following values can be output using processing items related to result output. It is also possible
to reference measurement values from calculation expressions and other processing units.

(SOV Induj abew) eiswen) 8|qissod s! INdiNQO Y2IYAA 10} S}nsay Juswalinses|y /-zZ-1

Measurement items Char_a cter Description
string
Judge JG Judgment result
0: No judgment (unmeasured)
1: Judgment result OK
-1: Judgment result NG
-10: Error (image format mismatch)
-11: Error (unregistered model)
-12: Error (insufficient memory)
-20: Error (other errors)
Measurement value X X The X value [mm] of the detection point
Measurement value Y Y The Y value [mm] of the detection point
Measurement value Z 4 The Z value [mm] of the detection point
Average value of Z AVZ The average Z value [mm] of the measurement range
Maximum value of Z MXZ The maximum Z value [mm] of the measurement
range
Minimum value of Z MNZ The minimum Z value [mm] of the measurement range

FH Series Vision System Processing Item Function Reference Manual for 3D Robot Vision (Z445-E1) 1-21



1 Input Image

Character

Measurement items . Description
string
Camera status CS 1: OK
-1: Warmup
-2: Overheat

-3: Error (system error 1, 12C communication error)
-4: Error (system error 2, heater connection error)
-5: Error (system error 3, heater temperature error)
-6: Error (system error 4, board temperature error)
-7: Error (system error 5, power supply error)

-8: Error (Ethernet comm. error)

-10: Unconnected

Individual identification MS 1: OK

-1: Error (unregistered model)

-2: Error (unmatched model)

-10: Unconnected

-11: Error (incorrect model)

1-2-8  External Reference Tables (Camera Image Input AOS)

No. Data name Data ident Set/Get Data range

0 Judgement judge Get only 0: No judgment (unmeas-
ured), 1: Judgment result
OK, -1: Judgment result NG,
-10: Error (image format mis-
match), -11: Error (unregis-
tered model), -12: Error (in-
sufficient memory), -20: Error
(other errors)

5 Measurement value measValueX Get only -99,999.9999 to 99,999.9999
X

6 Measurement value measValueY Get only -99,999.9999 to 99,999.9999
Y

7 Measurement value | measValueZ Get only -99,999.9999 to 99,999.9999
z

8 Average value of Z measValueAveZ Get only -99,999.9999 to 99,999.9999

9 Maximum value of Z | measValueMaxZ Get only -99,999.9999 to 99,999.9999

10 Minimum value of Z | measValueMinZ Get only -99,999.9999 to 99,999.9999

1 Status of Camera cameraStatus Get only 1: OK, -1: Warmup, -2: Over-

heat, -3: Error (system error
1), -4: Error (system error 2),
-5: Error (system error 3), -6:
Error (system error 4), -7: Er-
ror (system error 5), -8: Error
(ethernet comm. error), -10:

Unconnected
12 Individual identifica- | modelStatus Get only 1: OK, -1: Error (unregistered
tion of camera model), -2: Error (unmatched

model), -10: Unconnected,
-11: Error (incorrect model)
120 Reflection flag of warmupJudgeFlg Set/Get 0: OFF, 1: ON

warmup state in
judgement
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No. Data name Data ident Set/Get Data range
121 2D imaging ON flag | inputimage2dFlg Set/Get 0: OFF, 1: ON
122 Distance image depthlmageKind Set/Get 0: Monochrome image, 1:
Color image
123 3D imaging ON flag | inputimage3dFig Set/Get 0: OFF, 1: ON
150 Upper limit of meas- | maxZ Set/Get 200.0000 to 2,000.0000
urement range of Z
151 Lower limit of meas- | minZ Set/Get 200.0000 to 2,000.0000
urement range of Z
160 Detection point X measPointX Set/Get 0 t0 9,999
161 Detection point Y measPointY Set/Get 0to0 9,999
162 Width of detection measWidth Set/Get 110 9,999
region
163 Height of detection measHeight Set/Get 1t0 9,999
region
200 Shutter speed (3D) exposureTime3d Set/Get 1,000 to 50,000
201 Camera gain (3D) gain3d Set/Get 0 to 208
202 Light gain (3D) lightGain3d Set/Get 0: 25, 1: 30, 2: 35, 3: 40, 4:
45, 5: 50, 6: 55, 7: 60, 8: 65,
9:70, 10: 75, 11: 80, 12: 85,
13: 90, 14: 95, 15: 100
300 Shutter speed (2D) exposureTime2d Set/Get 1,000 to 50,000
301 Camera gain (2D) gain2d Set/Get 0 to 208
302 Light gain (2D) lightGain2d Set/Get 0: 25, 1: 30, 2: 35, 3: 40, 4:
45, 5: 50, 6: 55, 7: 60, 8: 65,
9: 70, 10: 75, 11: 80, 12: 85,
13: 90, 14: 95, 15: 100
430 Automatic get flag of | autoUpdateCalibDa- | Set/Get 0: OFF, 1: ON
calibration parame- | taFlg
ters
5001 Current status of cameraStatusCur- Get only 1: OK, -1: Warmup, -2: Over-
camera rent heat, -3: Error (system error
1), -4: Error (system error 2),
-5: Error (system error 3), -6:
Error (system error 4), -7: Er-
ror (system error 5), -8: Error
(ethernet comm. error), -10:
Unconnected
5002 Current individual modelStatusCurrent | Get only 1: OK, -1: Error (unregistered

identification of cam-
era

model), -2: Error (unmatched
model), -10: Unconnected,
-11: Error (incorrect model)
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Inspecting and Measuring
]

This chapter describes how to set up the processing items that execute measurement.
In addition, key points for adjustment addressing unstable measurement results and
shortening measurement time will also be introduced.

2-1  FH series 3D robot vision system Processing items..........ccccccviiiinnnininnns 2-3
2-1-1 MEASUIEMENT ......eiiiiiiee e s 2-3

2-2 3D SearCh.....cccceiii it ——————————— 24
2-2-1 Settings FIOW (3D SarCh).......cceiiuiiieiiiie et 2-5
2-2-2 Input parameters (3D Search) .........ccceiiiiiiiie e 2-6
2-2-3 Model (3D SEAICH).....ciiiiiieiiii et 2-8
2-2-4 Region settings (3D S€arch)..........coouviiiiiiiiiieii e 2-14
2-2-5 Measurement (3D S€arch) .........ccccoiiiiiiiiiiiiiieee e 2-17
2-2-6 Judge cond. (3D S€AICh)......couiuiiiiieeiiee e 2-30
2-2-7 Output Parameters (3D Sarch) .........cccevieeriiiieeriiee e 2-34
2-2-8 Key Points for Test Measurement and Adjustment (3D Search) .................. 2-34
2-2-9 Measurement Results for Which Output is Possible (3D Search)................ 2-37
2-2-10 External Reference Tables (3D Search) .........cccoociiiiiiiiiiiineee 2-38

2-3 Container Detection ..........ccccoiiieiiiinni i ————_—— 2-44
2-3-1 Settings Flow (Container Detection) ...........coooiiiiiiiiiiiiiieeee e 2-46
2-3-2 Input parameters (Container Detection) ...........cccceviieeeiiieniie e 2-47
2-3-3 Coordinate settings (Container Detection)............ccccvviiiiiiiieeiiieiee e 2-48
2-3-4 Floor settings (Container Detection) ..........ccoccuveiiiiiiiieeiiie e
2-3-5 Shape settings (Container Detection)...........cooveeiiiiiiniiee e
2-3-6 Region setting (Container Detection)............ccoceiiiiiiiii e
2-3-7 Measurement (Container Detection)...........ccueeeiiiiiiiiiie e
2-3-8 Judge cond. (Container DeteCtion) ...........ccuveiieeeeriiie e
2-3-9 Output Parameters (Container Detection)

2-3-10 Key Points for Test Measurement and Adjustment (Container Detection).... 2-71
2-3-11 Measurement Results for Which Output Is Possible (Container Detection) . 2-74

2-3-12 External Reference Tables (Container Detection) .........c.ccceevcviiiiieciniicnnns 2-75
2-4  Grasp Planning........ccccoirmmmmminnms s 2-83
2-4-1 Settings Flow (Grasp Planning) .........cccceeereeriiieeniee e 2-84
2-4-2 Input parameters (Grasp Planning) ........cccooeiiiiiiiiieeeee e 2-84
2-4-3 Coordinate settings (Grasp Planning)........ccccooueeeiiiiiiiiee e 2-85
2-4-4 Pose of grasping (Grasp Planning).........ccccoiuieoniiiiiiieiiie e 2-88
2-4-5 Order of grasping (Grasp Planning)..........ccccuiieeiiiiiiniic e 2-90
2-4-6 Collision detection (Grasp Planning) ..........cooccoiieiiiiiiiie e 2-103
2-4-7 Judge cond. (Grasp Planning) ........coeooeeeeiiieiiee e 2-108
2-4-8 Output Parameters (Grasp Planning) ........cccooiueeeiiieeiiiie i 2-114
2-4-9 Key Points for Test Measurement and Adjustment (Grasp Planning).......... 2-115
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2-4-10 Measurement Results for Which Output Is Possible (Grasp Planning) ....... 2-118
2-4-11 External Reference Tables (Grasp Planning) .........coccccevviieeniiie e 2-119
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2 Inspecting and Measuring

2-1 FH series 3D robot vision system

Processing items

-201d Wa)sAs UOISIA 30qO1 Q€ SBII8S HA L-Z

In FH series 3D robot vision system, the processing items that can be used with the FH series are 2
different. The following shows the usability of processing items of FH series 3D robot vision system. é
Refer to the Vision System FH/FHV Series Processing ltem Function Reference Manual (Cat. No. z
Z341), for information on each processing item other than the FH series 3D robot vision systemproc- 3
essing items.
@ Precautions for Correct Use
FH series 3D robot vision system cannot load data including processing items which it cannot f
be handled. 2
g
(]
2-11 Measurement g
Processing item Support Processing item Support
3D Search ™! OK Intersection OK
Container Detection " OK Color Data OK
Grasp Planning ! OK Gravity and Area OK
Search OK Labeling OK
Search Il OK Label Data -
Flexible Search OK Defect -
Sensitive Search OK Precise Defect OK
ECM Search - Fine Matching OK
EC Circle Search - Character Inspection OK
Shape Search Il - Date Verification OK
Shape Search llI OK Model Dictionary OK
EC Corner - 2DCode I OK
EC Cross - 2DCode OK
Classification OK Barcode OK
Edge Position OK OCR User Dictionary OK
Edge Pitch OK OCR OK
Scan Edge Position OK Circle Angle -
Scan Edge Width OK Glue Bead Inspection OK
Circular Scan Edge Position OK Al Fine Matching -
Circular Scan Edge Width OK
*1. This is a processing item specific to the FH series 3D robot vision system.
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2 Inspecting and Measuring

2-2 3D Search

This is a processing item specific to the FH series 3D robot vision system.

Using previously input CAD data of the workpiece, it registers information on surfaces and contours
that are seen from various viewpoints as a model, and then detects the position/posture of a work-
piece that is most similar to the model based on the input depth map and input image.

For the input image, a dedicated 3D vision sensor and a measurement image from the Camera Image
Input AOS processing item are required.

Register the CAD data from the 3D Data Manager processing item as a model.

I Used in the Following Case

When measuring the position/posture of the workpiece

Example: Position detection for bulk picking of parts in a container

The detected coordinates are passed to the Grasp Planning
processing item in the measurement flow to convey the pose of
grasping to the robot for picking.

M Precautions for Correct Use

« If the workpiece has three-dimensionally even surfaces, such as a thin plate, you can also
perform 2D imaging simultaneously in the Camera Image Input AOS processing item and
use information from both the depth map and the raw image (2D) together to improve the
horizontal and vertical positioning accuracy.

» Correct measurement is not possible with images that have undergone a coordinate
transformation such as Position Compensation or Polar Transformation.

FH Series Vision System Processing Item Function Reference Manual for 3D Robot Vision (Z445-E1)
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2-2-1  Settings Flow (3D Search)

To set 3D Search, follow the steps below.

Necessary Steps Optional Steps
Stva” 4EEEEEEEEEEEEEEEEEEEER N
N
|
( Model (3D Search) )‘ | ( Input Parameter (3D Search) ) ™ <]
d u &"?
( Region Settings (3D Search) ) : §
D [ ]
( Measurement (3D Search) )‘ [ | ( Judge Cond. (3D Search) u
v :
Settings completed ‘ | ( Output Parameter (3D Search) ™
[ | n
hd Verify/Adjust results u N
( Test measurement IiEEEEEEEEEEEEEEEEEEEEEEEEEERN @
§
[
ul
2
I List of 3D Search Items 3
@
Item Description o
(e}
Input parameter Check the input parameters. =
2-2-2 Input parameters (3D Search) on page 2-6
Model Register the CAD data from the 3D Data Manager processing item as a model.
2-2-3 Model (3D Search) on page 2-8
Region settings Set the measurement area.

2-2-4 Region settings (3D Search) on page 2-14

Measurement Set the measurement conditions as measurement parameters.
2-2-5 Measurement (3D Search) on page 2-17

Judge cond. Set the judgment conditions for the measurement results.

Set the extent to which the position/posture values and the correlation value with
the model in the measurement results are judged as OK.

2-2-6 Judge cond. (3D Search) on page 2-30

Output parameter Select how to handle the coordinates to be output to the external device as meas-
urement results. This item can be changed as necessary. Normally, the factory de-
fault value will be used.2-2-7 Output Parameters (3D Search) on page 2-34
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2-2-2  Input parameters (3D Search)
Check the input parameters.
1 In the Item tab area, click the Input parameter tab.

Check that Input depth map settings is set to Measure image 1 and Input image settings is
set to Measure image 0.

23D Search ‘

l Input parameter I Model Region settings Measurement Judge cond. Qutput parameter

Input depth map settings
[ Source |Measureimage1 j

Input image settings
[ Source : IMeasureimagsn E|

| 49.383 | - Display settings
glglg { Image kind : Input- Measure image 0~

£l

2 Click Advanced.
In the 3D Imaging unit settings area, check that the Camera Image Input AOS processing
item to reference is set.
If they are not set, review the flow and check again.
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2.3D Search

[ Input parameter I Model Region settings Measurement Judge cond. Output parameter

3D Imaging unit settings
l Unit ref number : |0‘Camela|mage Input AOS j

ysueas ae z-z

risplav settings

Image kind : Input- Measure image 0 -

»
»
N
5
©
C
g
he)
2
Q
3
[0]
o
[0]
©)
w
=
W)
w
[0
®
Q
=

oK Cancel

3 Click Return to return to the previous menu.

4 In the Display settings area, you can change the image to display.

Setting value

Setting item [Factory default] Description
Image kind * [Input - Measure | Select the image to display in the Image display area.

image 0] * Input - Measure image 0: The input image is displayed. If

e Camera - Depth there are no processing items such as filters, Measure-
image ment image 0 from the Camera Image Input AOS proc-

* Camera - Cap- essing item is displayed.
tured (2D) e Camera - Depth image: The distance image from the

* Camera - Cap- Camera Image Input AOS processing item is displayed.
tured (3D) * Camera - Captured (2D): The raw image (2D) from the

Camera Image Input AOS processing item is displayed. If
the 2D imaging settings are not enabled, the displayed im-
age is completely black.

* Camera - Captured (3D): The raw image (3D) from the
Camera Image Input AOS processing item is displayed. If
the 3D imaging settings are not enabled, the displayed im-
age is completely black.
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2-2-3  Model (3D Search)

Register the CAD data from the 3D Data Manager processing item as a model.

m Precautions for Correct Use

If the camera is not connected and the calibration data for the camera is not loaded, the CAD
data is not registered as a model. Also, the CAD data is not displayed in the image display
area.

I Model Registration

1 In the Item tab area, click Model.

2.3D Search

Input parameter I Model | Region settings \ Measurement l Judge cond.

30 data settings

Output parameter

Scene ref number ‘n irrent scene ‘

Unit ref number : 4.3D Data Manager -]

Reference data - [ as_pipe -]

Registration settings

Distance range [mm] 4 -

.’.,u_uJ <I — '7 >J
T @ Posture RY [deg] : lﬁJj — j

Unregister Advanced
l 49383 | (Display settines

al &l & Posture RX [deg]
S

Posture RZ [deg] : 0.0000] - | j —J— j

Zoom rate [%]

OK Cancel

2 If the model is already registered, click Unregister.
You can now set each item.

3 In the 3D data settings area, select the CAD data of the 3D Data Manager processing item to

reference.
Setting value
Setting item Description
9 [Factory default] -
Scene ref number | -1to 127 Select the scene number containing the 3D Data Manager
[-1: current scene] | processing item holding the CAD data.
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Setting item [Ff\z::::f(:eafl::l 4 Description
Unit ref number - From among the referenced scene numbers, select the 3D
Data Manager processing item to reference.
Reference data - Select the CAD data for the referenced 3D Data Manager
processing item.

4 In the Registration settings area, set the Distance range of the model to register.

ysueas ae z-z

Setting value

Setting item Description
L [Factory default] L
Distance range 200 to 2,000 Set the range in which the distance of the workpiece seen
[mm] [400] to [550] from the camera can change.

The setting range cannot be wider than that of Measurement
range of Z in the referenced Camera Image Input AOS
processing item.

The wider the distance range, the larger the model that you
can register.

(yoseas Qg) 1I9PON €-2-2

5 Click Advanced to further set the following items.
Click Return to return to the previous menu.

23D Search

Input parameter I Model | Region settings Measurement Judge cond Output parameter

30 data settings

Scene ref number |current scene vJ
Unit ref number : [4.30 Data Manager -
Reference data |[J as_pipe ﬂ

Registration settings

Distance range [mm] I—-‘»C.J - [T_J
Latitude range [deg] : 0| - |- %0 - |
Longitude range [deg] I_EL J, "_5‘:' J
Model type * Solid (" Surface
Reference posture [deg] :

Posture RX

Posture RY

Posture RZ

I Having front and back symmetry about current view

Register Return

49383 | (Display settines

-‘:|'. Q Posture RX [deg] — —

9]

P

w Posture RY [deg] - —
Posture RZ [deg] : — F
Zoom rate [%] : 70 JSCGJ j — F j

OK Cancel
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2410

Setting value

Setting item Description
gl [Factory default] L
Latitude range -90 to 90 Set the range in which the view of the workpiece seen from
[ded] [-90] to [90] the camera can change.

Longitude range
[deg]

-90 to 90
[-90] to [90]

It is a precondition that the camera in the Reference posture
moves on a sphere that is centered at the center of gravity of
the workpiece from the initialized positional relationship be-
tween the camera and workpiece.

Model type * [Solid] Specify whether the CAD data to reference uses solid or sur-
* Surface face modeling.
* Solid: The CAD data is treated as consisting of all solids
(3D shapes closed with surface data). If the CAD data
contains a surface (only one surface), the front side of the
surface is registered as a model, but the back side is not
registered.
» Surface: The CAD data is treated as containing a surface
(only one surface). In addition to the front side of the sur-
face, the back side is also registered in the same way
(treated as a model with thickness 0).
Reference posture This parameter is for setting the view of the CAD data when
[deg] both Latitude and Longitude are set to 0 [deqg].
Posture RX -180.0000 to If the Reference posture settings are all 0 [deg], the camera
180.0000 and workpiece are positioned so that the Z axis is seen to
[0.0000] point to the top and the X axis to the right of the screen in the
Posture RY ~180.0000 to coordinate system that. the CAD data originally has. Specify
180.0000 the amount of change in posture as an XYZ Euler angle.
[0.0000] Set the reference posture to the standard posture of the
workpiece seen from the camera (or the posture in which the
Posture RZ -180.0000 to . . : . . .
area of the displayed workpiece image is larger) in bulk pick-
180.0000 .
ing.
[0.0000] Example:
CAD data Correct refer-  Incorrect reference pos-

ence posture ture
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Setting value

Setting it
etting ttem [Factory default]

Description

* Checked
* [Unchecked]

Having front and
back symmetry
about current view

FH Series Vision System Processing Item Function Reference Manual for 3D Robot Vision (Z445-E1)

Set whether the current CAD data has front and back sym-
metry about the current view.

To input (plane-symmetric) CAD data with front and back
symmetry, set the CAD data to a posture that provides a front
and back symmetric view in Reference posture and check
this.

However, searching a plane-symmetrical workpiece allows
multiple candidates to be detected per workpiece, which de-
grades the speed performance. If the model data to register
has front and back symmetry (plane symmetry), check this to
prevent the detection of multiple candidates. This leads to
faster and more stable processing.

2-11
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Setting value

Setting it
etting ftem [Factory default]

Description

A workpiece has front and back symmetry in the following
two cases.

If the view is the same as before rotation when rotated 180
degrees around the X axis

Example:

Before rotation Rotated 180 degrees
around the X axis

If the view is the same as before rotation when rotated 180
degrees around the Y axis
Example:

Before rotation Rotated 180 degrees
around the Y axis

Note that, if you check this when the CAD data does not
have front and back symmetry with respect to the reference
posture, the CAD data will be recognized as a plane-sym-
metrical figure with respect to the reference orthogonal plane

and detected in an unintended posture.
Example:

Before rotation

Rotated 180 degrees Rotated 180 degrees
around the X axis around the Y axis
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@ Additional Information

In the model data coordinate system, the Z axis is defined as the positive direction of the Z axis
of the coordinate system that the CAD data has, the X axis is defined as the positive direction of
the X axis of the camera, and the Y axis is defined as the negative direction of the Y axis of the
camera. The origin of the model data coordinate system is set to the center of gravity of the
CAD data.

With the model data coordinates in this state, the view seen from a camera located in the posi-
tive direction of the Z axis represents the view at latitude 0 [deg] and longitude 0 [deq].
Adjusting the latitude and longitude ranges means to set the range in which the camera can
view the workpiece placed in this model data coordinate system while moving on a sphere that
is centered at the origin of the model data coordinate system.

Here, the longitude range is defined as the range in which the camera is tilted toward the X axis
of the model data coordinate system (left or right of the screen), and the latitude range is define
as the range in which the camera is tilted toward the Y axis of the model data coordinate sys-
tem (top or bottom of the screen).

Note that changing the reference posture (i.e., changing the view of the workpiece from the
camera at latitude 0 [deg] and longitude O [deg]) does not cause the axes of the model data
coordinate system (latitude and longitude axes) to rotate together.

ysueas ae z-z

Camera coordinate system

(yoseas Qg) 1I9PON €-2-2

Model data coordinate system

Latitude range . . 7
Y

6 Click Register.
Under registering is displayed. Ul operations are not accepted during model registration.
The model is registered according to the set value.

I Checking the Model Status on the Image (Display Settings)

By changing the display settings, you can check the status of the model registered on the image.
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@ Additional Information

You cannot set the reference posture in the Display Settings area. To set the reference posture,

click Advanced.

1 Set the value in the Display settings area.

(Display settings

Posture RX [deg] : I—“—l
Posture RY [deg] : | 0.0000
Posture RZ[deg]: | 0.0000] | :| — )_ El

l

Zoom rate [%] : Im_l ﬂ — J— m
.. Setting value . L.
Setting item [Factoryg default] Description

Posture RX [deg] | -180.0000 to Posture of the CAD data displayed on the setting screen (X-
180.0000 axis rotation amount in XYZ Euler angle)
[0.0000]

Posture RY [deg] -180.0000 to Posture of the CAD data displayed on the setting screen (Y-
180.0000 axis rotation amount in XYZ Euler angle)
[0.0000]

Posture RZ [deg] -180.0000 to Posture of the CAD data displayed on the setting screen (Z-
180.0000 axis rotation amount in XYZ Euler angle)
[0.0000]

Zoom rate [%] 1.0000 to Zoom rate of the CAD data displayed on the setting screen
100.0000 “1” indicates the zoom rate when seen from the upper-limit
[70.0000] side of the registration distance of the model, and “100” (or

“200” [mm] if the lower limit is less than 200 [mm]) indicates
the zoom rate when seen from the lower-limit side of the reg-
istration distance of the model. Changing the value of
Distance range [mm] in Model Registration changes the
meaning of the zoom rate value.

2 Check the status of the registered model in the image, and then register the model again.

2-2-4

Region settings (3D Search)

Use a rectangle to specify the area where the model is searched.
Instead of measuring the entire input image, narrowing the measurement area shortens the process-

ing time.

1 In the Item tab area, click Region settings.
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2.3D Search

Input parameter Model I Region settings I Measurement Judge cond. Output parameter

Registered figure | -
Rectangle

Masking settings N
™ Enable masking :
Scene ref number : |::urrenl scene J (=]

; (7]
Unit ref number : [0.cameraimage Inputacs -] 9
Mask image number : | 0 I §

Maskregion color:  [Black -

Display settings

Image kind : Input - Measure image 0~

I™ Display binary mask image

n
N
A
Py
(0]
Q
o
5
n
o
=
=]
Q
7]
®
O
w
(]
QO
=
o
=3
=

OK | Cancel

2 Click Edit.
The Figure Setting area is displayed.

3 Specify the area in which to search for the model.
The rectangle covering the entire screen is set. Adjust the size and position of the rectangle.

4 Click OK in the Figure setting area.
* OK: Changes the settings and returns to the previous menu.
» Cancel: Changes are discarded. Returns to the previous menu.
» Apply: Updates the settings without leaving edit window.

5 In the Masking settings area, you can use the mask.
To limit the area to search to the area inside the container, refer to the mask image for the con-
tainer detection scene in the Container Detection processing item. The mask image in the
Container Detection processing item is a binary image, where the area inside the container
has 255 and the other regions have 1.
If you set a mask image, the area where the measurement area and the mask on the mask
image overlap is the area to search.
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D Measurement area

|:| Mask
D Area to search

Setting item

Setting value
[Factory default]

Description

Enable masking

* Checked
* [Unchecked]

Check this to use the image held by a particular unit as a
mask.

The pixel area specified in Mask image number and Mask
region color is masked and excluded from the measurement
region.

Scene ref number

-1t0 127
[-1: current scene]

Specify the scene number of the unit holding the image refer-
enced as a mask.

Unit ref number

Specify the unit number of the unit holding the image refer-
enced as a mask.

Mask image num- | 0 to 31 Specify the image number of the image referenced as a

ber [0] mask.

Mask region color |« [Black] Specify the pixel color by which to specify the pixel area used
* White as a mask in the image referenced as a mask. The specified
* Red pixel area is masked and excluded from the measurement
* Blue region.
* Green

6 In the Display settings area, you can change the image to display.

Setting item

Setting value
[Factory default]

Description

Image kind

* [Input - Measure
image 0]

e Camera - Depth
image

* Camera - Cap-
tured (2D)

* Camera - Cap-
tured (3D)

Select the image to display in the Image display area.

* Input - Measure image 0: The input image is displayed. If
there are no processing items such as filters, Measure-
ment image 0 from the Camera Image Input AOS proc-
essing item is displayed.

* Camera - Depth image: The distance image from the
Camera Image Input AOS processing item is displayed.

e Camera - Captured (2D): The raw image (2D) from the
Camera Image Input AOS processing item is displayed. If
the 2D imaging settings are not enabled, the displayed im-
age is completely black.

* Camera - Captured (3D): The raw image (3D) from the
Camera Image Input AOS processing item is displayed. If
the 3D imaging settings are not enabled, the displayed im-
age is completely black.
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Setting value

Setting item Description
gt [Factory default] P
Display binary * Checked * Checked: A binary image of with effective pixels drawn in
mask image * [Unchecked] white and the rest in black is displayed in the Image dis-

play area.
* Unchecked: An image set in Image kind is displayed.

2-2-5 Measurement (3D Search)

ysueas ae z-z

Set the measurement conditions as measurement parameters.

I Setting the Measurement Conditions

Set the necessary parameters and processing conditions for the measurement.

1 In the Item tab area, click Measurement.

2.3D Search

Input parameter Model | Region settings [ Measurement Judge cond. Output parameter

Search settings

Candidate Lv. (surface) : I 60 < I -
Candidate Lv. (contour) : | 80 j;]
Max number of detection: | 20 j ;]

Sortkind : [Mean correl. (Desc) -~

:IAmancad

Resultindex focused : I 0| - I >

(yoJeeg Qg) JuswaInNses|\ G-Z-2

cSearch results
Detected count : 9
Surface correlation : 94.8177
Contour correlation : 847222
Mean correlation 89.7699
Position X [mm] : 31.7742
Position Y [mm] : -38.8889
Position Z [mm] : 464.3203 IW'_] 1Sk oy Rsettines
Posture RX [deg] - 114 8762 “Q'I QIE image kind: [input- Measure image 0 ]
Rosius RY Kedl 9.1506 @ I™ Display masked image
R EEEE T I Display contour feature

¥ Draw detected result

Draw with 30
OK Cancel

2 Set the value in the Search settings area.
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Setting value

Setting item Description
gl [Factory default] L
Candidate Lv. (sur- | 1 to 99 [60] Specify the match threshold for the surface to detect.
face) Surface match refers to a feature value that becomes high

when the detected point cloud in the 3D data matches the
surface information (pose/direction) in the CAD data.
Example:

Detected point cloud in the 3D data

Surface information in the CAD data (white to gray pixels)

If there is a data loss in the detected point cloud in the 3D
data of the workpiece, the surface correlation value is low.

If the workpiece is partially hidden due to the bulk condition,
the surface and contour correlation values are low.

When detecting a workpiece that consists of only planes, if
multiple planes such as the top and side surfaces are not
measured, the required positioning accuracy may not be ob-
tained in the direction of sliding on the planes even if the sur-
face match is high. If so, check it by contour match.

A workpiece will be detected when it exceeds the surface
match or contour match threshold. Note that not only work-
pieces that exceed both thresholds are detected. If both
thresholds are exceeded, it will be displayed in green. If ei-
ther threshold is exceeded, it will be displayed in red. To use
only the results that exceed both thresholds, utilize the judg-
ment conditions.
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Setting value

Setting it
etting ttem [Factory default]

Description

Candidate Lv.
(contour)

1 to 99 [60]

Specify the match threshold for the contour to detect.
Contour match refers to a feature value that becomes high
when the pose/direction of the detected edges match those
of the edges in the CAD data.

Example:

Detected edges

r‘-" ‘
» L

Edges in the CAD data (Green lines)

If the workpiece is partially hidden due to the bulk condition,
the surface and contour correlation values are low.

Note that, depending on the Edge info. used setting, the lo-
cation of edge extraction from the contours of the measure-
ment target for a match changes.

Note that, depending on the Edge level setting, the degree
of edge extraction from the contour of the measurement tar-
get for a match changes.

A workpiece will be detected when it exceeds the surface
match or contour match threshold. Note that not only work-
pieces that exceed both thresholds are detected. If both
thresholds are exceeded, it will be displayed in green. If ei-
ther threshold is exceeded, it will be displayed in red. To use
only the results that exceed both thresholds, utilize the judg-
ment conditions.

Max. number of
detection

1 to 128 [20]

Set the maximum number of detection targets. When the
number of detected contours is equal to or more than “De-
tected count”, the detection results are sorted and output as
many as the detected count from the top.

FH Series Vision System Processing Item Function Reference Manual for 3D Robot Vision (Z445-E1)
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Setting value

Setting it
eting ffem [Factory default]

Description

Sort kind * [Mean correl. Set the conditions for sorting the multiple candidates detect-
(Desc)] ed.

* Mean correl. Positions X, Y, and Z refer to the origin of the CAD coordi-
(Asc) nate system seen from the camera coordinate system.

» Surface correl.
(Desc)

» Surface correl.
(Asc)

e Contour correl.
(Desc)

¢ Contour correl.
(Asc)

* Position X
(Desc)

* Position X (Asc)

* Position Y
(Desc)

* Position Y (Asc)

* Position Z
(Desc)

* Position Z (Asc)

3 Click Advanced. Set the value in the Search settings area.
Click Return to return to the previous menu.

2-20 FH Series Vision System Processing Item Function Reference Manual for 3D Robot Vision (Z445-E1)



2 Inspecting and Measuring

Search settings

Candidate Lv. (surface) : | 60 : < I » I
Candidate Lv. (contour) : | 80 = I = I
Max. number of detection : | 20 : < I > I

Sortkind : |Mean correl. (Desc) j

Edge info. used: " Depth " Image
Edge level (depth) :
¥ Auto 30.0000 [I J— j

Edge level (image) :

oaw ] —[]

Latitude range [deg] : | 90 |_I -| 20 J
[ =L =L
Roll range [deg] : | ‘1B°|_'I'| 1BOJ
oL =L

ysueas ae z-z

Longitude range [deq] :

Distance range [mm] :

Measure Return

(yoJeeg Qg) JuswaInNses|\ G-Z-2

Result index focused : [ 0 -

OK ” Cancel ‘
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Setting value

Setting item Description
gl [Factory default] L
Edge info. used * [Depth] Set the edge information that is used when extracting edges.
* Image * Depth: Contours are extracted from the height information

in the input depth map.

For workpieces with three-dimensional uneven surfaces,
extracting the edges from the height information improves
the positioning accuracy.

Example:

Measurement image (3D)  Contour feature image ex-
tracted from the measure-
ment image
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Setting value

Descripti
[Factory default] escription

Setting item

* Image: Contours are extracted from the density informa-
tion in the input image.
For workpieces without three-dimensional uneven surfa-
ces such as thin plates, extracting the edges from the im-
age information improves the positioning accuracy.
To do so, you need to check in advance 2D imaging ON
in Camera settings in the Camera setting(2D) tab for the
referenced Camera Image Input AOS processing item. It
is also required that the positional relationship on the im-
age must be the same between the input depth map and
the measurement image (2D). Therefore, correct measure-
ment is not possible if you perform a coordinate transfor-
mation on the captured measurement image (2D) in the
Position Compensation processing item, etc.
Example:

ysueas ae z-z

Measurement image (2D)  Contour feature image ex-
tracted from the measure-
ment image

(yoJeeg Qg) JuswaInNses|\ G-Z-2
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Setting value

Setting it
etting ftem [Factory default]

Description

Edge level (depth) | [Auto], 1.0000 to This setting is enabled when the Edge info. used is Depth.
1,000.0000 [mm] Set the degree of edge extraction to extract contours from
height information in the input depth map.

Set the lower limit of edge level to recognize as edge. Edges
are recognized when their edge level is above this value. The
smaller the value, the easier it is to find edges. The larger the
value, the less noise will affect finding edges.

Check Auto to set the edge level automatically.

Example:

Measurement image (3D) Contour feature image ex-
tracted from the measure-
ment image

Contour features cannot be
detected if the value is too
small.
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Setting item

Setting value
[Factory default]

Description

Edge level (image)

[Auto], 1 to 1,000

This setting is enabled when the Edge info. used is Image.
Set the degree of edge extraction to extract edges from the
input image.

Set the lower limit of edge level to recognize as edge. Edges
are recognized when their edge level is above this value. The
smaller the value, the easier it is to find edges. The larger the
value, the less noise will affect finding edges.

The unit is difference in density.

If Auto is checked, a fixed value of 30 is set.

Example:

Contour feature image ex-
tracted from the measure-
ment image

Measurement image (2D)

Contour features cannot be
detected if the value is too
small.

Contour feature image can
be falsely detected if the
value is too large.

Latitude range -90 to 90
[deg] [-90] to [90]
Longitude range -90 to 90

[deg]

[-90] to [90]

Set the range of view (latitude and longitude) of the work-
piece to search, with the view in the reference posture that
you set in Model to 0 [deg].

The setting range is limited to the setting range for model
registration. Each time you perform a model registration, this
is initialized to the setting range for model registration.

FH Series Vision System Processing Item Function Reference Manual for 3D Robot Vision (Z445-E1)
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Setting value

Setting it
etting ttem [Factory default]

Description

-180 to 180
[-180] to [180]

Roll range [deg]

Set the range of view (rotation around the optical axis) of the
workpiece to search, with the view in the reference posture
that you set in Model to 0 [deg]. Candidates in the set value
range will be detected.

To limit the search range to around the viewpoint from a cer-

tain direction to search for rotation on the image in the

Shape Search Il processing item, the following settings are

required.

* At the time of model registration, check Having front and
back symmetry about current view to limit the search
range to only one hemisphere of the spherical search
range.

* Set the latitude and longitude ranges to about +30 [deg] to
limit the viewpoint. (Narrow the viewpoint as shown by the
red cone in the figure below.)

* Determine the search range around the viewpoint.

Search range
(Search angle range) f
|

/ e .

Example:

Reference posture in model registration

Search results
Correctly recognized posture with narrow range settings

Latitude range [deg] : [ = =]
=L =L
e
=L =L

Longitude range [deg] :
Roll range [deg] :

Distance range [mm] :

Latitude range [deg] : ,_,SQ‘J _]_QQJ
-
L]
[ wL =L

Longitude range [deg]
Roll range [deg]

Distance range [mm]

2-26
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Setting item

Setting value
[Factory default]

Description

Distance range
[mm]

50 to 5,000
[400] to [550]

Set the range of view of the workpiece to search (the dis-
tance of the workpiece seen from the camera).

The setting range is limited to the setting range for model
registration. Each time you perform a model registration, this
is initialized to the setting range for model registration.

4 When the setting has been changed, click Measure to verify whether measurement can be

performed correctly.

Setting item

Setting value
[Factory default]

Description

Result index fo-
cused

0 to 127 [0]

This indicates the search result number. You can select only

one number to display the final detection results.
The detection results are displayed according to the set num-
ber. The selected workpiece is highlighted.

Item

Description

Detected count

Detection count with the current settings

Surface correlation

Surface correlation value in the search results, which is set in Result index
focused

Contour correlation

Contour correlation value in the search results, which is set in Result index
focused

Mean correlation

Mean surface and contour correlation value in the search results, which is
set in Result index focused

Position X [mm]

Position Y [mm]

Position Z [mm]

Position in the search results, which is set in Result index focused (the po-
sition of the origin of the CAD coordinate system seen from the camera coor-
dinate system)

Posture RX [deg]

Posture RY [deg]

Posture RZ [deg]

Posture in the search results, which is set in Result index focused (the pos-
ture in the CAD coordinate system seen from the camera coordinate system)

I Checking Measurement Results in the Image (Display Settings)

You can change the display settings to check the processing conditions for measurements on the im-

age.

1 Set the value in the Display settings area.

Display settings

Image kind :
I Display masked image
I Display contour feature

W Draw detected result

|Input— Measure image 0 j

Draw with 3D

FH Series Vision System Processing Item Function Reference Manual for 3D Robot Vision (Z445-E1)
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2-28

L. Setting value ..
Setting item [Factory default] Description
Image kind * [Input - Measure | Select the image to display in the Image display area.
image 0] * Input - Measure image 0: The input image is displayed. If
* Camera - Depth there are no processing items such as filters, Measure-
image ment image 0 from the Camera Image Input AOS proc-
* Camera - Cap- essing item is displayed.
tured (2D) * Camera - Depth image: The distance image from the
* Camera - Cap- Camera Image Input AOS processing item is displayed.
tured (3D) e Camera - Captured (2D): The raw image (2D) from the
Camera Image Input AOS processing item is displayed. If
the 2D imaging settings are not enabled, the displayed im-
age is completely black.
* Camera - Captured (3D): The raw image (3D) from the
Camera Image Input AOS processing item is displayed. If
the 3D imaging settings are not enabled, the displayed im-
age is completely black.

Display masked * Checked Check this to display the image that you set in the Masking

image * [Unchecked] settings area in the Region settings tab.

Display contour * Checked Check this to display the contour feature image extracted

feature * [Unchecked] from the measurement image.

Draw detected re- | * [Checked] Check this to display the contour figures and coordinate axes

sult * Unchecked of all detected workpieces.

Draw with 3D - Click this to start the 3D result display tool FZ-3DVisualizer.
The 3D result display tool FZ-3DVisualizer displays meas-
urement point clouds in 3D and applies the original CAD data
to all the positions/postures detected in the search results in
3D to display them in 3D.

Refer to Checking 3D Measurement Results (FZ-3DVisualiz-
er) on page 2-28.

2 Check the conditions of measurement processing on the image and set the measurement pa-
rameters.

® Checking 3D Measurement Results (FZ-3DVisualizer)

FZ-3DVisualizer is a result display tool that draws 3D point clouds, recognized workpieces, recog-
nized pose of grasping, etc. in 3D space. Use this tool to check the detection results for the 3D
Search and Grasp Planning processing items to see if objects are detected in appropriate posi-
tions in 3D space.
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FZ-3DVisualizer

[~] Display Camera Coordinate Axis

[4 Display Point Cloud

Point Size <>

)
[ Display 3D Recognizing Object )
w
. O
() wireframe Display »
o
(® Polygon Display 3
>

i} ont 1

me
I sp!
a 1an
1 0
Center of Display

@® COG of Point Cloud

(O Camera Origin

Reset Display

n
e
&
<
@
©
[2]
c
s
5
3
@
3
2
@
O
w
®
®
2
3
=3
=

End

3D objects are displayed in the image display area.

Operation Description

You can move the viewpoint by rotating the image around the display
center of the image display area.

Left-click + Drag

You can zoom in and out the image around the display center of the im-
age display area.

Mouse wheel scroll

Middle click + Drag
or
Shift key + Left-click + Drag

You can move the display center of the image display area.

Item Description
Display Camera Coordi- | Show or hide the camera coordinate axes.
nate Axis
Display Point Cloud Show or hide the point cloud data.
Point Size Change the size of the displayed point cloud. The point cloud size range is 1 to

5.
Show or hide the workpiece recognized in the 3D Search processing item.

Display 3D Recognizing
Object

Wireframe Display | Set the workpiece display format to wireframe display.

Polygon Display Set the workpiece display format to polygon display.

Show or hide the container detected in the Container Detection processing
item.
It cannot be set in the 3D Search processing item.

Display Container

Wireframe Display

Set the workpiece display format to wireframe display.

Polygon Display

Set the workpiece display format to polygon display.
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Item Description
Display Hand Show or hide the pose of grasping calculated in the Grasp Planning processing
item.
It cannot be set in the 3D Search processing item.
All All candidates are displayed at the same time.
Selected One of the candidates for the specified measurement result number is displayed.
Center of Display Switch the display center of the image display area between the center of gravity
COG of Point of the point cloud (center of gravity XYZ of the point cloud data) and the camera
Cloud origin.
Camera Origin
Reset Display Reset the display position of the image display area to the initial position.
End Close the FZ-3DVisualizer tool.

2-2-6  Judge cond. (3D Search)

Set the judgment conditions for the measurement results.

Set the upper and lower values to judge the measurement result. When the measurement result value
is within the upper and lower values, Judgment is OK (pass). When the measurement result value ex-
ceeds either the upper or lower value Judgment is NG (failure). Although the judgment result for the
processing Unit is OK when the judgment for all measurements is OK, it will be NG if any measure-
ment result is NG.

1 In the Item tab area, click Judge cond..

23D Search

Input parameter Model Region settings Measurement I Judge cond. Qutput parameter

Judgement condition

Detected count : 9

[ 1] s
Surface correlation : 948177

| 600000 . |-[— 1000000] .|
Contour correlation : 847222

| 60.0000| - |-[— 100.0000] |
Mean correlation : 89.7699

[ 60.0000| - |-[— 100.0000] - |

Result index focused : | o -] I =

Measure Advanced

Display settings

Image kind : Input - Measure image 0~

I" Display masked image

I Display contour feature

¥ Draw detected result

Draw with 3D
OK Cancel

2 Set the value in the Judgement condition area.
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Setting value

Setting item [Factory default] Description
Detected count 1to 128 Sets the upper and lower values of number of Model to de-
[1] to [128] tect.
Surface correlation | 0.0000 to Sets the upper and lower limit values for the surface correla-
100.0000 tion to Model to detect.
[60.0000] to
[100.0000]
Contour correla- 0.0000 to Sets the upper and lower limit values for the contour correla-
tion 100.0000 tion to Model to detect.
[60.0000] to
[100.0000]
Mean correlation 0.0000 to Sets the upper and lower limit values for the mean correla-
100.0000 tion to Model to detect.
[60.0000] to
[100.0000]
L. Setting value .
Setting item [Factory default] Description
Result index fo- 0 to 127 [0] This indicates the search result number. You can select only

cused

one number to display the final detection results.
The detection results are displayed according to the set num-
ber. The selected workpiece is highlighted.

3 Click Advanced. Set the value in the Judgement condition area.

Click Return to return to the previous menu.
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Judgement condition

Position X [mm] : 31.7742

|  -10000.0000 \_I -|  10000.0000 \_I
Position Y [mm)] : -38.8889

[ -10000.0000] .. |-[ 10000.0000] . |
Position Z [mm] : 464.3203

[ -10000.0000] . |-[ 10000.0000] - |
Posture RX [deg] : -114.8762

| .1aomu—| 1snoomu
Posture RY [deg] : 9.1586

[ -1s00000] . |-[ " 180.0000] .|
Posture RZ [deg] : 11.4487

[ -ts00000] . |-[ 18o0000] |

Resultindex focused :

Return

Measure

oK ” Cancel |

Setting item

Setting value

D oy
[Factory default] escription

Position X [mm]

-10,000.0000 to Set the range of coordinates to judge as OK.
10,000.0000
[-10,000.0000] to
[10,000.0000]

Position Y [mm]

-10,000.0000 to
10,000.0000
[-10,000.0000] to
[10,000.0000]

Position Z [mm]

-10,000.0000 to
10,000.0000
[-10,000.0000] to
[10,000.0000]
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Setting value
[Factory default]

Posture RX [deg] | -180.0000 to Set the range of angles to judge as OK.
180.0000
[-180.0000] to
[180.0000]
Posture RY [deg] | -180.0000 to
180.0000
[-180.0000] to
[180.0000]
Posture RZ [deg] -180.0000 to
180.0000
[-180.0000] to
[180.0000]

Setting item Description

ysueas ae z-z

4 When the setting has been changed, click Measure to verify whether measurement can be
performed correctly.

I Checking Measurement Results in the Image (Display Settings)

(yosess @g) "puod 8bpnr 9-z-Z

You can change the display settings to check the processing conditions for measurements on the im-
age.

1 Set the value in the Display settings area.

Display settings

Image kind : |Input—Measure image 0 j
r Display masked image
I” Display contour feature

¥ Draw detected result

Draw with 3D

Setting value

Setting item [Factory default] Description
Image kind * [Input - Measure | Select the image to display in the Image display area.

image 0] * Input - Measure image 0: The input image is displayed. If

e Camera - Depth there are no processing items such as filters, Measure-
image ment image 0 from the Camera Image Input AOS proc-

* Camera - Cap- essing item is displayed.
tured (2D) * Camera - Depth image: The distance image from the

* Camera - Cap- Camera Image Input AOS processing item is displayed.
tured (3D) e Camera - Captured (2D): The raw image (2D) from the

Camera Image Input AOS processing item is displayed. If
the 2D imaging settings are not enabled, the displayed im-
age is completely black.

* Camera - Captured (3D): The raw image (3D) from the
Camera Image Input AOS processing item is displayed. If
the 3D imaging settings are not enabled, the displayed im-
age is completely black.
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Setting value

Setting item [Factory default] Description
Display masked * Checked Check this to display the image that you set in the Masking
image * [Unchecked] settings area in the Region settings tab.
Display contour * Checked Check this to display the contour feature image extracted
feature * [Unchecked] from the measurement image.
Draw detected re- | ¢ [Checked] Check this to display the contour figures and coordinate axes
sult * Unchecked of all detected workpieces.
Draw with 3D - Click this to start the 3D result display tool FZ-3DVisualizer.

The 3D result display tool FZ-3DVisualizer displays meas-
urement point clouds in 3D and applies the original CAD data
to all the positions/postures detected in the search results in
3D to display them in 3D.

Refer to Checking 3D Measurement Results (FZ-3DVisualiz-
er) on page 2-28.

2 Check the conditions of measurement processing on the image and set the measurement pa-
rameters.

2-2-7  Output Parameters (3D Search)

Select how to handle the coordinates to be output to the external device as measurement results. This
item can be changed as necessary. Normally, the factory default value will be used.

1 In the Item tab area, click Output parameter.

2 Select the Reflect to overall judgment.

Setting value
A D s
Setting item [Factory default] escription
Reflect to overall * [ON] -
judgment * OFF

2-2-8  Key Points for Test Measurement and Adjustment (3D Search)

The following content is displayed in the Detail result area as text.

M Precautions for Correct Use

Executing test measurements will also update the measurement results and the figures in the
image.

Displayed item Description

Judge Judgment result

0: No judgment (unmeasured)

1: Judgment result OK

-1: Judgment result NG

-10: Error (image format mismatch)
-11: Error (unregistered model)
-12: Error (insufficient memory)
-20: Error (other errors)
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Displayed item

Description

Detected count

Count

Surface correlation

Surface correlation

Contour correlation

Contour correlation

Mean correlation

Mean correlation

Position X [mm] Position X
Position Y [mm] Position Y
Position Z [mm] Position Z
Posture RX [deg] Posture RX
Posture RY [deg] Posture RY
Posture RZ [deg] Posture RZ

Posture type

This represents the detected Eulerian coordinate system. In this processing item, it
is always XYZ (2).

The image specified in the Sub-image number in the image display setting is displayed in the Image

Display area.

Sub-image number

Description of image to be displayed

Figures other than the region figure are superimposed on the measurement image.

N

Figures other than the region figure are superimposed on the masked measure-
ment image.

All figures are superimposed on the measurement image.

All figures are superimposed on the masked measurement image.

The measurement result figure is superimposed on the measurement image.

Al iw|N

The measurement result figure is superimposed on the masked measurement im-
age.

The region figure and the measurement result figure are superimposed on the
measurement image.

The region figure and the measurement result figure are superimposed on the
masked measurement image.

The coordinate axis figure of the recognized posture is superimposed on the meas-
urement image.

The coordinate axis figure of the recognized posture is superimposed on the
masked measurement image.

10

The region figure and the coordinate axis figure of the recognized posture are su-
perimposed on the measurement image.

11

The region figure and the coordinate axis figure of the recognized posture are su-
perimposed on the masked measurement image.

I Key Points for Adjustment (3D Search)

Adjust the setting parameters referring to the following points.

® When the model registration fails

Parameter to be adjust-

ed

Remedy

Model

If a memory allocation failure error occurs, the amount of information on the
model to register may be too large. Set the distance and angle ranges so that
the actual detection ranges are not exceeded.
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2 Inspecting and Measuring

Parameter to be adjust-
ed

- If the camera is not connected and the calibration data for the camera is not
loaded in the Camera Image Input AOS processing item, the CAD data is not
registered as a model. Also, the CAD data is not displayed in the image display
area. Confirm the Select camera - Camera information in the Camera Image
Input AOS processing item.

Remedy

® When the model registration takes a long time

Parameter to be adjust-

ed Remedy
Model The amount of information on the model to register may be too large. Set the
distance and angle ranges so that the actual detection ranges are not exceeded.
- (CAD data) The amount of mesh in the CAD data may be too large. Open the STL file in

CAD software and check if the mesh is not too dense. Reduce the amount of
mesh, if possible.

® When the Judgment Result is NG (unregistered model)

Parameter to be adjust-

2-36

ed

Remedy

Model - 3D data settings
Measurement flow

The referenced 3D Data Manager processing item may be deleted. Set the ref-
erence relationship with the 3D Data Manager processing items again.

Model

The referenced CAD data may be edited and caused a mismatch with the regis-
tered model. Register the model again.

The 2D imaging ON setting may have changed in the Camera Image Input
AOS processing item. Register the model again.

® When the Judgment Result is NG (Insufficient Memory)

Parameter to be adjust-
ed

Remedy

Detected count
Measurement flow

Temporary memory to store the measurement results for the number of detec-
tion targets may not be secured when the maximum number of detection targets
and the image size are set to large values.

After restarting the FH series Sensor Controller, reduce the Detected count in
the Measurement tab. Alternatively, reduce the memory usage of the entire sys-
tem, for example, by reducing the number of registered scenes.

Region settings
Measurement flow

Because the measurement image is too large, temporary memory may not be
secured in mask image generation, etc.

After restarting the FH series Sensor Controller, uncheck Enable masking in the
Region settings tab. Alternatively, reduce the memory usage of the entire sys-
tem, for example, by reducing the number of registered scenes.

® When the measurement results are unstable / When the workpiece are not
be detected

Parameter to be adjust-
ed

Remedy

Model

Due to the replacement of the camera, the camera parameters may be changed.
Register the model again.
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2-2-9  Measurement Results for Which Output is Possible (3D Search)

The following values can be output using processing items related to result output. It is also possible
to reference measurement values from calculation expressions and other processing units.

Parameter to be adjust-
Remedy
ed
Judge cond. The workpiece may not be detected because the surface correlation values or
plane correlation values in the search settings are too high. Reduce the set val-
ues of the judgment conditions, or change the judgment condition settings ac-
cording to the detected matches. N
N
Region settings The workpiece may not be detected because the measurement region is incor- o
rect. Set the measurement region to the location to search. ®
Region settings The workpiece may not be detected because the mask is not specified correctly. 5
=
When Display binary mask image is checked in the Region settings, make
the masking settings while checking that the mask is applied to the area to de-
tect.
Model The detection target cannot be detected or may have low correlation values due
to a deviation between the model and the detection target. Check that the CAD N
data registered as a model agrees with the dimensions of the detection target. z
Then, use the CAD data that agrees with the detection target to register the §
model. 2
Edge info. used Because Edge info. used is set incorrectly, the detection target cannot be de- g
[0]
tected or may have low correlation values. Check the Edge info. used set- 2
ting.2-2-5 Measurement (3D Search) on page 2-17 §
Input Image Because the image from which to extract edges is not correct when Edge info. %
used is set to Image, the detection target cannot be detected or may have low g
correlation values. Set this so that the input image is suitable for the edges to §
extract. If the Position Compensation processing item is included between this S
and the Camera Image Input AOS processing item, use Measurement Image S
el
Switching, etc. to input the image before position compensation. 5
%
o]
73
g
D
@
O
w
(0]
o
S

Measurement items Char.a cter Description
string

Judge JG Judgment result
0: No judgment (unmeasured)
1: Judgment result OK
-1: Judgment result NG
-10: Error (image format mismatch)
-11: Error (unregistered model)
-12: Error (insufficient memory)
-20: Error (other errors)

Count C No. of models detected
If none detected, 0

Mean correlation CR Mean correlation

Surface correlation CRN Surface correlation

Contour correlation CRG Contour correlation

Object ID OID Object ID

Position X X Position X

Position Y TY Position Y

Position Z TZ Position Z

Posture RX RX Posture RX
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Measurement items Char_acter Description
string

Posture RY RY Posture RY

Posture RZ Rz Posture RZ

Posture type RT 0: ZYX Euler angle, 1: ZYZ Euler angle, 2: XYZ Euler

angle

RotMatrix11 RM11 RotMatrix11

RotMatrix12 RM12 RotMatrix12

RotMatrix13 RM13 RotMatrix13

RotMatrix21 RM21 RotMatrix21

RotMatrix22 RM22 RotMatrix22

RotMatrix23 RM23 RotMatrix23

RotMatrix31 RM31 RotMatrix31

RotMatrix32 RM32 RotMatrix32

RotMatrix33 RM33 RotMatrix33

CoG X GX Center of gravity X of the detected target
CoGY GY Center of gravity Y of the detected target
CoGZ Gz Center of gravity Z of the detected target

2-2-10 External Reference Tables (3D Search)

2-38

No. Data name Data ident Set/Get Data range

0 Judge judge Get only 0: No judgment (unmeas-
ured), 1: Judgment result
OK, -1: Judgment result NG,
-10: Error (image format mis-
match), -11: Error (unregis-
tered model), -12: Error (in-
sufficient memory), -20: Error
(other errors)

6 Detected count detectedCount Get only 0to 128

7 Mean correlation correlation Get only 0to 100

8 Surface correlation correlationNorm Get only 0 to 100

9 Contour correlation correlationGrad Get only 0to 100

10 Object ID detectedObjectld Get only -1to0 2,147,483,647

11 Position X detectedTX Get only -10,000.0000 to 10,000.0000
[mm]

12 Position Y detectedTY Get only -10,000.0000 to 10,000.0000
[mm]

13 Position Z detectedTZ Get only -10,000.0000 to 10,000.0000
[mm]

14 Posture RX detectedRX Get only -180.0000 to 180.0000 [deg]

15 Posture RY detectedRY Get only -180.0000 to 180.0000 [deg]

16 Posture RZ detectedRZ Get only -180.0000 to 180.0000 [deg]

17 Posture type detectedRotType Get only 0: ZYX Euler angle, 1: ZYZ
Euler angle, 2: XYZ Euler
angle

18 RotMatrix11 detectedRotMat11 Get only -1.0000 to 1.0000

19 RotMatrix12 detectedRotMat12 Get only -1.0000 to 1.0000

20 RotMatrix13 detectedRotMat13 Get only -1.0000 to 1.0000
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No. Data name Data ident Set/Get Data range
21 RotMatrix21 detectedRotMat21 Get only -1.0000 to 1.0000
22 RotMatrix22 detectedRotMat22 Get only -1.0000 to 1.0000
23 RotMatrix23 detectedRotMat23 Get only -1.0000 to 1.0000
24 RotMatrix31 detectedRotMat31 Get only -1.0000 to 1.0000
25 RotMatrix32 detectedRotMat32 Get only -1.0000 to 1.0000
26 RotMatrix33 detectedRotMat33 Get only -1.0000 to 1.0000
27 CoG X detectedCogX Get only -10,000.0000 to 10,000.0000
[mm]
28 CoGY detectedCogY Get only -10,000.0000 to 10,000.0000
[mm]
29 CoGZ detectedCogZ Get only -10,000.0000 to 10,000.0000
[mm]
101 Ref unit number of inGrplnput Set/Get -1 t0 9,999
3D Imaging unit
108 Display image kind imageDispKind Set/Get 0: Input - Measure image 0,
1: Camera - Depth image, 2:
Camera - Captured(2D), 3:
Camera - Captured(3D)
109 Ref scene number of | data3dSceneNo Set/Get -1to 1,023
3D data manager
unit
110 Ref unit number of data3dUnitNo Set/Get -1 to 9,999
3D data manager
unit
111 Index of CAD data cadModelNo Set/Get 0to 99
113 Ref. posture RX registinitPoseRX Set/Get -180.0000 to 180.0000 [deg]
114 Ref. posture RY registinitPoseRY Set/Get -180.0000 to 180.0000 [deg]
115 Ref. posture RZ registinitPoseRZ Set/Get -180.0000 to 180.0000 [deg]
119 Upper limit of latitude | upperRegistRange- | Set/Get -90 to 90 [deg]
range (register) Lat
120 Lower limit of latitude | lowerRegistRange- Set/Get -90 to 90 [deg]
range (register) Lat
121 Upper limit of longi- | upperRegistRange- | Set/Get -90 to 90 [ded]
tude range (register) | Lon
122 Lower limit of longi- lowerRegistRange- Set/Get -90 to 90 [deg]
tude range (register) | Lon
123 Upper limit of dis- upperRegistRangeD- | Set/Get 50 to 5,000 [mm]
tance range (regis- ist
ter)
124 Lower limit of dis- lowerRegistRangeD- | Set/Get 50 to 5,000 [mm]
tance range (regis- ist
ter)
125 CAD model type cadModelType Set/Get 0: Solid, 1: Surface
126 Having front and registHalfSide Set/Get 0: Disable, 1: Enable
back symmetry
about current view
131 Enable masking maskEnabled Set/Get 0: Disable, 1: Enable
132 Ref scene number of | maskSceneNo Set/Get -1t0 1,023

masking image unit
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2-40

No. Data name Data ident Set/Get Data range
133 Ref unit number of maskUnitNo Set/Get -1 t0 9,999
masking image unit
135 Mask image number | masklmageNo Set/Get 0 to 31
136 Mask region color maskColor Set/Get 0: Black, 1: White, 2: Red, 3:
Green, 4: Blue
138 Max. number of de- | maxDetectNum Set/Get 1to 128
tection
140 Candidate Lv. (sur- candidateLevelNorm | Set/Get 1t0 99
face)
141 Candidate Lv. (con- | candidateLevelGrad | Set/Get 1to 99
tour)
142 Upper limit of latitude | upperMeasRangelLat | Set/Get -90 to 90 [deg]
range (search)
143 Lower limit of latitude | lowerMeasRangelLat | Set/Get -90 to 90 [deg]
range (search)
144 Upper limit of longi- upperMeasRange- Set/Get -90 to 90 [deg]
tude range (search) | Lon
145 Lower limit of longi- lowerMeasRangeLon | Set/Get -90 to 90 [deg]
tude range (search)
146 Upper limit of roll upperMeasRange- Set/Get -180 to 180 [deg]
range (search) Roll
147 Lower limit of roll lowerMeasRange- Set/Get -180 to 180 [deq]
range (search) Roll
148 Upper limit of dis- upperMeasRangeD- | Set/Get 50 to 5,000 [mm]
tance range (search) | ist
149 Lower limit of dis- lowerMeasRangeD- | Set/Get 50 to 5,000 [mm]
tance range (search) | ist
150 Edge level (depth) edgelevelDepth Set/Get 1.0000 to 1,000.0000
151 Edge level (image) edgelevellmage Set/Get 1 to 1,000
153 Auto edge level edgelevelAutoDepth | Set/Get 0: Disable, 1: Enable
(depth)
154 Auto edge level (im- | edgelLevelAutolmage | Set/Get 0: Disable, 1: Enable
age)
156 Use image in rough- | uselmageGrad Set/Get 0: Disable, 1: Enable
search
158 Sort type sort Set/Get 0: Mean correl. (Desc), 1:
Mean correl. (Asc), 2: Sur-
face correl. (Desc), 3: Sur-
face correl. (Asc), 4: Contour
correl. (Desc), 5: Contour
correl. (Asc), 6: Position X
(Desc), 7: Position X (Asc),
8: Position Y (Desc), 9: Posi-
tion Y (Asc), 10: Position Z
(Desc), 11: Position Z (Asc)
159 Result index focused | focusResult Set/Get 0to 127
162 Display feature dispFeaturelmage Set/Get 0: Disable, 1: Enable
165 Upper limit of detect- | upperCount Set/Get 0to 128
ed count
166 Lower limit of detect- | lowerCount Set/Get 0to 128

ed count
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No. Data name Data ident Set/Get Data range

167 Upper limit of mean | upperCorrelation Set/Get 0.0000 to 100.0000
correlation

168 Lower limit of mean | lowerCorrelation Set/Get 0.0000 to 100.0000
correlation

169 Upper limit of surface | upperCorrelation- Set/Get 0.0000 to 100.0000
correlation Norm

170 Lower limit of surface | lowerCorrelation- Set/Get 0.0000 to 100.0000
correlation Norm

171 Upper limit of con- upperCorrelation- Set/Get 0.0000 to 100.0000
tour correlation Grad

172 Lower limit of con- lowerCorrelation- Set/Get 0.0000 to 100.0000
tour correlation Grad

173 Upper limit of posi- upperTX Set/Get -10,000.0000 to 10,000.0000
tion X [mm]

174 Lower limit of posi- lowerTX Set/Get -10,000.0000 to 10,000.0000
tion X [mm]

175 Upper limit of posi- upperTY Set/Get -10,000.0000 to 10,000.0000
tion'Y [mm]

176 Lower limit of posi- lowerTY Set/Get -10,000.0000 to 10,000.0000
tionY [mm]

177 Upper limit of posi- upperTZ Set/Get -10,000.0000 to 10,000.0000
tion Z [mm]

178 Lower limit of posi- lowerTZ Set/Get -10,000.0000 to 10,000.0000
tion Z [mm]

179 Upper limit of pos- upperRX Set/Get -180.0000 to 180.0000 [deg]
ture RX

180 Lower limit of pos- lowerRX Set/Get -180.0000 to 180.0000 [deg]
ture RX

181 Upper limit of pos- upperRY Set/Get -180.0000 to 180.0000 [deg]
ture RY

182 Lower limit of pos- lowerRY Set/Get -180.0000 to 180.0000 [deg]
ture RY

183 Upper limit of pos- upperRZ Set/Get -180.0000 to 180.0000 [deg]
ture RZ

184 Lower limit of pos- lowerRZ Set/Get -180.0000 to 180.0000 [deg]
ture RZ

185 Reflect to overall overallJudge Set/Get 0: ON, 1: OFF
judgement

101 Name of CAD data cadDataNameReg Get only Registered Model

5000 Register model modelRegist Get only 0: Register, 1: Unregister

5001 Train model modelTrain Get only 0: Register, 1: Unregister

5002 Search autoMeasure Set only 1: Execute

100026 FigureO update fig- figArea0_update Set only 1: Update
ure

100500+N Mean correlation 0 resultsCorrel0 Get only 0.0000 to 100.0000

(N=0 to 127)

Mean correlation 127

resultsCorrel127
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No. Data name Data ident Set/Get Data range
102500+N Surface correlation 0 | resultsCorrelNorm Get only 0.0000 to 100.0000
(N=0 to 127) : :
Surface correlation resultsCorrel-
127 Norm127
104500+N Contour correlation 0 | resultsCorrelGrad Get only -180.0000 to 180.0000
(N=0 to 127) : :
Contour correlation resultsCorrel-
127 Grad127
106500+N Object ID 0 resultObjectld Get only -110 2,147,483,647
(N=0 to 127) : :
Object ID 127 resultObjectld127
108500+N Position X 0 resultDetectTX Get only -10,000.0000 to 10,000.0000
(N=0 to 127) : : [mm]
Position X 127 resultDetectTX127
110500+N Position Y O resultDetectTY Get only -10,000.0000 to 10,000.0000
(N=0 to 127) : : [mm]
Position Y 127 resultDetectTY127
112500+N Position Z 0 resultDetectTZ Get only -10,000.0000 to 10,000.0000
(N=0 to 127) : : [mm]
Position Z 127 resultDetectTZ127
114500+N Posture RX 0 resultDetectRX Get only -180.0000 to 180.0000 [deg]
(N=0 to 127) : :
Posture RX 127 resultDetectRX127
116500+N Posture RY 0 resultDetectRY Get only -180.0000 to 180.0000 [deg]
(N=0 to 127) : :
Posture RY 127 resultDetectRY127
118500+N Posture RZ 0 resultDetectRZ Get only -180.0000 to 180.0000 [deg]
(N=0 to 127) : :
Posture RZ 127 resultDetectRZ127
120500+N RotMatrix11 0 resultDetectRotMa- Get only -1.0000 to 1.0000
(N=0 to 127) : tAA
RotMatrix11 127 :
resultDetectRotMa-
tAA127
122500+N RotMatrix12 0 resultDetectRotMa- Get only -1.0000 to 1.0000
(N=0 to 127) : tAB
RotMatrix12 127 :
resultDetectRotMa-
tAB127
124500+N RotMatrix13 0 resultDetectRotMa- Get only -1.0000 to 1.0000
(N=0 to 127) : tAC
RotMatrix13 127 :
resultDetectRotMa-
tAC127
126500+N RotMatrix21 0 resultDetectRotMat- | Get only -1.0000 to 1.0000
(N=0 to 127) : BA
RotMatrix21 127 :
resultDetectRotMat-
BA127

2-42

FH Series Vision System Processing Item Function Reference Manual for 3D Robot Vision (Z445-E1)



2 Inspecting and Measuring

No. Data name Data ident Set/Get Data range
128500+N RotMatrix22 0 resultDetectRot- Get only -1.0000 to 1.0000
(N=0 to 127) : MatBB

RotMatrix22 127 :
resultDetectRot-
MatBB127
130500+N RotMatrix23 0 resultDetectRot- Get only -1.0000 to 1.0000
(N=0 to 127) : MatBC
RotMatrix23 127 :
resultDetectRot-
MatBC127
132500+N RotMatrix31 0 resultDetectRotMat- | Get only -1.0000 to 1.0000
(N=0 to 127) : CA
RotMatrix31 127 :
resultDetectRotMat-
CA127
134500+N RotMatrix32 0 resultDetectRot- Get only -1.0000 to 1.0000
(N=0 to 127) : MatCB
RotMatrix32 127 :
resultDetectRot-
MatCB127
136500+N RotMatrix33 0 resultDetectRot- Get only -1.0000 to 1.0000
(N=0 to 127) : MatCC
RotMatrix33 127 :
resultDetectRot-
MatCC127
138500+N CoG X0 resultDetectCogX Get only -10,000.0000 to 10,000.0000
(N=0 to 127) : : [mm]
CoG X 127 resultDetect-
CogX127
140500+N CoGYO resultDetectCogY Get only -10,000.0000 to 10,000.0000
(N=0 to 127) : : [mm]
CoGY 127 resultDetectCo-
agY127
142500+N CoGZ0 resultDetectCogZ Get only -10,000.0000 to 10,000.0000
(N=0 to 127) : : [mm]
CoG Z 127 resultDetectCogZ127
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2-3 Container Detection

2-44

This is a processing item specific to the FH series 3D robot vision system.

This processing item defines a 3D container model for detecting collision of the hand model in the
Grasp Planning processing item.

This processing item requires the calibration result data of the HandEye Calibration processing item.
This processing item aligns the container model by using the information in the depth map and raw
image (2D) measured in the Camera Image Input AOS processing item.

Display part of the floor or a surface parallel with and at a different height from the floor, and then per-
form simultaneously the 3D imaging and 2D imaging in the Camera Image Input AOS processing
item. Detect and register the floor where the container sits by using the information in the depth map
obtained from the 3D imaging. Then, with the shape search model that was generated based on the
actual dimensions of the container, search the raw image (2D) obtained from the 2D imaging two-di-
mensionally to detect the position/posture of the container on the floor.

It also generates a mask image to limit the search region to the inside of the container in the 3D
Search processing item. (Refer to 2-2-4 Region settings (3D Search) on page 2-14.)

3D container model Container position/posture detec- Mask image to limit the search re-
tion gion
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I Used in the Following Case

When limiting the search range to the area inside the container in the 3D Search processing item.
When calculating the pose of grasping in the Grasp Planning processing item, taking into account the
collisions between the robot hand and the container.

Example: Position detection for bulk picking of parts in a container

uoiyo8le( Jauleyuo) ¢-z

Detecting a container and floor, and passing the information to the Grasp Planning
processing item in the measurement flow enables the calculation of a safe grasp point
where the robot hand does not collide with the container and floor.

M Precautions for Correct Use

* In this processing item, it is necessary to capture 3D images for floor settings. It is also
necessary to capture 2D images for container detection.

» This processing item references the results of the HandEye Calibration processing item.
Confirm that the referenced processing items are set correctly.

» Correct measurement is not possible with images that have undergone a coordinate
transformation such as Position Compensation or Polar Transformation.
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2-3-1  Settings Flow (Container Detection)

To set Container Detection, follow the steps below.

Necessary Steps Optional Steps
Start 4EEEEEEEEEEEEEEEEEEEEN]
v ]
( Coordinate settings (Container Detection) ) ‘ | ( Input Parameters (Container Detection) ) |
v |
|
( Floor settings (Container Detection) ) u
hd n
) . . |
( Shape settings (Container Detection) ) =
v |
( Region setting (Container Detection) ) :
hd [ ]
( Measurement (Container Detection) )‘ | ( Judge cond. (Container Detection) ) |
v 3
Settings completed ‘ | ( Output parameters (Container Detection) ) -
]
hd Verify/Adjust results u
( Test measurement INEEEEEEEEEEEEEEEEEEEEnnnnnl

I List of Container Detection Items

Item Description

Input parameters Check the input parameters.
2-3-2 Input parameters (Container Detection) on page 2-47

Coordinate settings Set the reference coordinate system for the container and floor.
2-3-3 Coordinate settings (Container Detection) on page 2-48

Floor settings Specify a region of the floor based on information in the input depth map and regis-
ter the floor. Make sure that part of the floor or a surface parallel with and at a dif-
ferent height from the floor is displayed when you perform this task.

2-3-4 Floor settings (Container Detection) on page 2-52

Shape settings It is difficult to set the container shape from the 3D measurement results. There-
fore, set the container shape based on the actual dimensions of the container.
2-3-5 Shape settings (Container Detection) on page 2-56

Region setting Set the region in which to search for the container.
2-3-6 Region setting (Container Detection) on page 2-62

Measurement Set the measurement conditions for detecting the container as measurement pa-
rameters.

2-3-7 Measurement (Container Detection) on page 2-63

Judge cond. Set the judgment conditions for the measurement results.
2-3-8 Judge cond. (Container Detection) on page 2-67

Output parameters Select how to handle the coordinates to be output to the external device as meas-
urement results. This item can be changed as necessary. Normally, the factory de-
fault value will be used.

2-3-9 Output Parameters (Container Detection) on page 2-71
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2-3-2  Input parameters (Container Detection)
Check the input parameters.

1 In the Item tab area, click the Input parameter tab.
Check that Input depth map settings is set to Measure image 1 and Input image settings is

set to Measure image 0.

1.Container Detection

[ Input parameters I Coordinate settings Floor settings Shape settings Region settings Measurement Judge cond. Output parameters

Input depth map settings
[ Source : |Measureimage1

Input image settings
[ Source : IMeasure image 0 El

Advanced

49383 - | Display settings

Image kind : Input - Measure image 0  ~

OK I Cancel

2 Click Advanced.
In the 3D Imaging unit settings area, check that the Camera Image Input AOS processing
item to reference is set.
If they are not set, review the flow and check again.
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2 Inspecting and Measuring

1.Container Detection

[ Input parameters lconrdinatesern'ngs Floor settings

Shape settings

Region settings Measurement Judge cond. Qutput parameters

Unit ref number -

3D Imaging unit settings
I |0.Cameralmage Input AOS j

Display settinzs

imagekind:  [input-Measureimage 0+
3 Click Return to return to the previous menu.
4 In the Display settings area, you can change the image to display.
Setting value
Setting it D ipti
etting item [Factory default] escription
Image kind * [Input - Measure | Select the image to display in the Image display area.
image 0] * Input - Measure image 0: The input image is displayed. If
* Camera - Depth there are no processing items such as filters, Measure-
image ment image 0 from the Camera Image Input AOS proc-
* Camera - Cap- essing item is displayed.
tured (2D) Camera - Depth image: The distance image from the
* Camera - Cap- Camera Image Input AOS processing item is displayed.
tured (3D) Camera - Captured (2D): The raw image (2D) from the

Camera Image Input AOS processing item is displayed. If
the 2D imaging settings are not enabled, the displayed im-
age is completely black.

Camera - Captured (3D): The raw image (3D) from the
Camera Image Input AOS processing item is displayed. If
the 3D imaging settings are not enabled, the displayed im-
age is completely black.

2-3-3

Coordinate settings (Container Detection)

Set the reference coordinate system for the container and floor.

1 In the Item tab area, click the Coordinate settings tab.

2-48
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1.Container Detection

Input parameters I Coordinate settings Floor seftings Shape settings Region settings Measurement Judge cond. Output parameters
Output coordinate settines N
)
Coordinate kind [Robot coordinate =l pt
(%)
o
Hand-Eve data unit settings 3
Y
Scene ref number * |current scene j 5
(]
Unitref number : [10HandEye Calibration  +| a
]
Robot type : 6-axis(XYZWPR) robot 3
2
Robot posture : ZYX euler angle g
Cameramount : On hand camera
Robot mount : Floor mount

Flange coord. seen from Robot hase coord

Position X[mm]: 2084306 |SYRBVAR_CURI - |
PosionY([mm]: 5739842 [SYRBVAR_CUR_| - |
PosionZ[mm]: 3583550 |SYRBVAR CURI - |
PostureRX[deg]:  -1743759 |SYRBVAR_CUR I - |
Posture RY [deg]:  1.3117 [svrRBvAR_cur_I - |
PostreRZ[deg]: 902261  |SYRBVAR CUR I -|

Posture type : VX

49383 - | Display settings

Image kind : Input- Measure image 0 =

2 Set the Coordinate kind in the Output coordinate settings area. Select Robot coordinate.
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3 In the Hand-Eye data unit settings area, select the HandEye Calibration processing item to
reference.
Information on the selected processing unit is displayed in the Hand-Eye data unit settings
area. The displayed information depends on the settings for the referenced HandEye
Calibration.
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AOutput coordinate settings
Coordinate kind : [Robat coordinate -

Hand-Eve data unit settings

Scene ref number : |currem scene j
Unit ref number : |1U.Box type container j
Robot type : 6-axis(XYZWPR) robot
Robot posture : ZYX Euler angle
Cameramount : On hand camera

Robot mount : Floor mount

+Flange coord. seen from Robot base coord

Posiion X[mm]: 2084306 |SYRBVAR_CURI -]
PositionY[mm]: 5739842 [SYRBVAR_CUR_I -|
PosifonZ[mm]: 3583550 |SYRBVAR CUR_I - |
Posture RX [deg]:  -1743759 [SYRBVAR_CUR_I - |
Posture RY [deg]: 13117 [SYRBVAR_CUR_I - |
PostureRZ[deg]: 902261  [SYRBVAR_CURI -|

Posture type : ZYX

Setting item Setting value Description

[Factory default]

Scene ref number | -1to 127 Sets the scene number in which the HandEye Calibration is
[-1: current scene] | registered.

Unit ref number - Sets the processing unit number for the HandEye

Calibration.

Robot type - The setting of the referenced HandEye Calibration process-

Robot posture - ing item is displayed.

Camera mount -

Robot mount -

M Precautions for Correct Use

If the coordinate settings are not completed, you cannot set the items in tabs that follow this tab.
« If the warning message Hand-Eye data is not set. is displayed, review the reference settings
in the Hand-Eye data unit settings area.

4 If Camera mount is set to On hand camera, set the items in the Robot flange coord. seen
from robot base coord area.
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L. Setting value ...
Setting item [Factory default] Description

Position X [mm] -10,000.0000 to Set the position/posture of the flange in the robot base coor- N
10,000.0000 dinate system when the input image was captured. g
[0.0000] If you set Posture type to ZYZ Euler angle, RX is replaced %

Position Y [mm] -10,000.0000 to with RZ. §
10,000.0000 o
[0.0000] =

Position Z [mm] -10,000.0000 to %‘
10,000.0000 >
[0.0000]

Posture RX [deg]/ | -180.0000 to

Posture RZ [deg] 180.0000 [0.0000]

Posture RY [deg] -180.0000 to
180.0000 [0.0000]

Posture RZ [deg] -180.0000 to
180.0000 [0.0000]

Posture type - The setting of the referenced HandEye Calibration process-

ing item is displayed.

M Precautions for Correct Use

5

If the coordinate settings are not completed, you cannot set the items in tabs that follow this tab.

« If the warning message Flange coord. is invalid. is displayed, review the set values.
If the evaluation values are all 0 or out of the setting range in the expression for position or
posture, a warning message is displayed.

« If there is no calibration result data because hand-eye calibration has not been performed,
the warning message Hand-Eye data is not set. is displayed.

In the Display settings area, you can change the image to display.

Setting item

Setting value
[Factory default]

Description

Image kind

* [Input - Measure
image 0]

e Camera - Depth
image

e Camera - Cap-
tured (2D)

* Camera - Cap-
tured (3D)

Select the image to display in the Image display area.
* Input - Measure image 0: The input image is displayed. If

there are no processing items such as filters, Measure-
ment image 0 from the Camera Image Input AOS proc-
essing item is displayed.

Camera - Depth image: The distance image from the
Camera Image Input AOS processing item is displayed.
Camera - Captured (2D): The raw image (2D) from the
Camera Image Input AOS processing item is displayed. If
the 2D imaging settings are not enabled, the displayed im-
age is completely black.

Camera - Captured (3D): The raw image (3D) from the
Camera Image Input AOS processing item is displayed. If
the 3D imaging settings are not enabled, the displayed im-
age is completely black.

FH Series Vision System Processing Item Function Reference Manual for 3D Robot Vision (Z445-E1)
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2 Inspecting and Measuring

2-3-4

Floor settings (Container Detection)

Specify a region of the floor based on information in the input depth map and register the floor. Make
sure that part of the floor or a surface parallel with and at a different height from the floor is displayed
when you perform this task.

By registering the floor, the system measures the distance and tilt to the floor and sets a virtual cam-
era so that the distance between the top of the container and the 3D vision sensor is maintained. This
enables the conversion of a raw image into the view seen from the virtual camera that directly faces
the floor to produce a unified view.

Example:

Raw image (3D)

"

Virtual camera that directly faces the floor
\ 3D vision sensor
Image seen from the virtual p

camera after conversion /

Center of the image /s
before conversion 7/

——————— Top of the container
Container

Height of the container-[
(outside)
Floor

Raw image (2D) after conversion

Setting the Floor (Floor Region)

This item is used to set up the measurement area.
Use a rectangle, wide line, ellipse (circle), wide circle, wide arc or polygon to specify a measurement
region for Floor settings.

@ Additional Information

2-52

Up to 8 graphs can be used together to draw the measured region. Complex areas can be
drawn through image integration or by removing unnecessary sections from the measurement
region.

1 In the Item tab area, click the Floor settings tab.
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1.Container Detection

Input parameters | Coordinate settings I Floor settings I Shape settings Region settings Measurement Judge cond. ‘Output parameters

Floor region :

Registered figure | A
Rectangle
Rectangle
Rectangle

Fbrmmin
Floor detection settinzs
Floor offset(along normal) [mm] -

0.000000 IO.DOOOOO :

Edit

N
]
w
O
o
=]
-
g
=]
(]
=
o
®
-
@
Q
=3
)
=]

Floor detection result
Floor coordinate seen from camera coordinate
Position X [mm] - 05964
Position Y [mm] : -0.7473
Position Z [mm] : 546.9245 E
Posture RX [deg] : -179.4606 A
T
Posture RY [deg] : 1.0284 )
o
Posture RZ [deg] 179.9903 ;
Posture type : XYZ euler angle g
H tion matrix exp: Display settings (3
»
-0.9998 -0.0002 0.0179 0.5964 Image kind : IInput-Measure image 0 ;] ’6
0.0000 1.0000 0.0094 -0.7473 7 o
= D
-0.0179 0.0094  -0.9998 546.9245 NI =
¥ Draw 3D position 5
(0]
=
O
0]
o
(0]
]
=]
=

2 Click Edit in the Floor region.
The figure setting area is displayed.

1.Container Detection

Floor region :
Registered figure | A
Rectangle o /
Rectangle
Rectangle v © [
Rectangle
Upper left position

Lower right position

‘ OK ” Cancel | ‘

Display settings

Image kind : Input - Measure image 0 l]

¥ Display floor figure
¥ Draw 3D position

|:|
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3 Use the drawing tools to set the measurement region.
Up to 8 figures can be combined.

4 Click OK in the figure setting area.
* OK: Changes the settings and returns to the previous menu.
» Cancel: Changes are discarded. Returns to the previous menu.
* Apply: Updates the settings without leaving edit window.

M Precautions for Correct Use

If the floor registration is not completed, you cannot set the items in tabs that follow this tab.

I Detecting the Floor

1 In the Item tab area, click the Floor settings tab.

1.Container Detection

Input parameters | Coordinate settings I Floor seftings | Shape settings Region settings Measurement Judge cond. Qutput parameters

Floor region :

Registered figure | A

Rectangle
Rectangle
Rectangle

Floor detection settings
Floor offset(along normal) [mm] :

0.000000 I(].IJO(]UDO :

Measure

Floor detection result
Floor coordinate seen from camera coordinate

Position X fmm] : 0.5964

Position Y [mm)] : -0.7473

Position Z [mm)] : 546.9245

Posture RX [deqg] : -179.4606

Posture RY [deg] 1.0284

Posture RZ [deg] : 179.9903

Posture type : XYZ euler angle - il

ion matrix expressi ml;l Display setlings
oo o s
-0.0179 00094  -09998 546.9245 o BT
¥ Draw 3D position

E’

2 Set the value in the Floor detection settings area as required.

L. Setting value . L.
Setting item [Factory default] Description
Floor offset (along | -10,000.0000 to Use this setting when a surface parallel with and at a differ-
normal) [mm] 10,000.0000 ent height from the floor is displayed without the floor dis-
[0.0000] played. Measure the parallel surface and then set the signed
offset between the surface and the floor.
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3 Click Measure. When a warning message is displayed, confirm it and click OK.

Precaution

Current robot position and posture setin "Coordinate settings” tab is retained in subsequent measurement.
If you need to refresh the retained value, re-measure floor and container position.

If the floor detection is successful, the floor registration is completed. In this case, the floor fig-
ure is displayed at the center of the image, along with the coordinate axes of the floor coordi-

uoiyo8le( Jauleyuo) ¢-z

nate system.
If the floor detection fails, a measurement failure error dialog is displayed.

m Precautions for Correct Use

If the floor registration is not completed, you cannot set the items in tabs that follow this tab.

4 In the Floor detection result area, check the detection results.

Item Description
Position X [mm] The values of the floor coordinate system seen from the camera co-
Position Y [mm] ordinate system are displayed.

(uonosya( Jaulejuo)) sbumes 1ooj4 -g-g

Position Z [mm]

Posture RX [deg]
Posture RY [deg]
Posture RZ [deg]

Posture type XYZ Euler angle is displayed as the posture angle type.

Homogeneous transformation The position and posture of the planar coordinate system seen from

matrix expression the floor are displayed in homogeneous transformation matrix ex-
pression.

I Checking the Floor Status on the Image (Display Settings)

By changing the display settings, you can check the status of the floor detected on the image.

1 Set the value in the Display settings area.

Display settings

Image kind : |Input— Measure image 0 j

¥ Display floor figure
¥ Draw 3D position

FH Series Vision System Processing Item Function Reference Manual for 3D Robot Vision (Z445-E1) 2-55



2 Inspecting and Measuring

Setting item

Setting value
[Factory default]

Description

Image kind

* [Input - Measure
image 0]

* Camera - Depth
image

* Camera - Cap-
tured (2D)

* Camera - Cap-
tured (3D)

Select the image to display in the Image display area.

* Input - Measure image 0: The input image is displayed. If
there are no processing items such as filters, Measure-
ment image 0 from the Camera Image Input AOS proc-
essing item is displayed.

* Camera - Depth image: The distance image from the
Camera Image Input AOS processing item is displayed.

* Camera - Captured (2D): The raw image (2D) from the
Camera Image Input AOS processing item is displayed. If
the 2D imaging settings are not enabled, the displayed im-
age is completely black.

* Camera - Captured (3D): The raw image (3D) from the
Camera Image Input AOS processing item is displayed. If
the 3D imaging settings are not enabled, the displayed im-
age is completely black.

Display floor figure

* [Checked]
* Unchecked

Check this to display the floor figure if the floor figure is de-
tected. The coordinate axes (X axis: red, Y axis: green, Z ax-
is: blue) that represent the floor coordinates seen from the
camera coordinate system are displayed, along with the point
figures drawn as an expression of 3D points projected on the
image in the detected plane.

The point figures are colored red, green, and blue from the
front to back to indicate the distance ranges in the Z direc-
tion. If they are distributed at approximately the same dis-
tance, the entire floor is displayed in the same color.

As for the size of the point figures, points that have an error
of 1.0 [mm] or less with the point clouds measured in the
Camera Image Input AOS are displayed larger. Points that
have an error of more than 1.0 [mm] with the point clouds
measured in the Camera Image Input AOS and are located
on the front of them in the Z direction are displayed smaller.
Points that are located on the back of the point clouds meas-
ured in the Camera Image Input AOS in the Z direction are
displayed even smaller.

-
® .

- o

Draw 3D position

* [Checked]
* Unchecked

Check this to display the measured 3D position (X, Y, Z) cor-
responding to the clicked pixel on the displayed image as an
integer [mm]. You can display up to two points at the same
time. If you click the third point, the first point disappears.

If you right-click two points, the distance (L) between the two
points and the relative position of the second point (X', Y', Z')
seen from the first point are displayed as integers [mm].

2 Check the status on the image and set the floor.

2-3-5  Shape settings (Container Detection)

It is difficult to set the container shape from the 3D measurement results. Therefore, set the container
shape based on the actual dimensions of the container.
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2 Inspecting and Measuring

1

1.Container Detection

In the Item tab area, click the Shape settings tab.

Input parameters

Coordinate settings

Floor settings I Shape settings

Region settings

Measurement

Judge cond.

Qutput parameters

Shape parameter
Container type : [Boxtype container ~
Width (x axis) fmmi [ a0 ][ <] -]
Depth (y axis) [mm) : IWJ EZI
Height (outer) [mm] : [ s40000] -] dj
Height (inner) [mm] - [ sooomo] | dj
Rim (x axis) [mm] - [Tooooju;l :
Rim (y axis) [mm] : [ 100000 ] uj
Stacking settings o Disnl sy sebtlnes
= = e
Draw with 3D |
OK I Cancel
2 Set the value in the Shape parameter area.
L. Setting value .
Setting item [Factory default] Description
Container type [Box type contain- | Set the container type.
er] You can set only Box type container.

* Box type container: A cubic container with a single open
face. The bottom and top of the container are parallel to
the floor. Opposite walls are parallel to each other.

Width (x axis) 10.0000 to Set the outline width of the container (including both edges).

[mm] 10,000.0000 The width direction is the X-axis direction of the camera coor-
[300.0000] dinate system (the horizontal direction of the image).

Depth (y axis) 10.0000 to Set the outline depth of the container (including both edges).

[mm] 10,000.0000 The depth direction is the Y-axis direction of the camera co-
[200.0000] ordinate system (the vertical direction of the image).

Height (outer) 10.0000 to Set the outside height of the container.

[mm] 10,000.0000
[100.0000]

FH Series Vision System Processing Item Function Reference Manual for 3D Robot Vision (Z445-E1)
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2 Inspecting and Measuring

Setting value

Setting item [Factory default] Description

Height (inner) 10.0000 to Set the inside height of the container.

[mm] 10,000.0000
[90.0000]

Rim (x axis) [mm] | 0.0000 to Set the edge thickness of the container.
1,000.0000 The settings are the edge thickness in the X-axis direction of
[10.0000] the camera coordinate system (the horizontal direction of the

Rim (y axis) [mm] | 0.0000 to image) and the edge thickness in the Y-axis direction of the
1,000.0000 camera coordinate system (the vertical direction of the im-
[10.0000] age).

M Precautions for Correct Use

You cannot set a value that causes the outside height of the container to be equal to or great-
er than the vertical distance between the camera and the floor.

If you set a value that causes the width or depth of the container to stick out of the field of
view of the camera, the container detection fails.

You cannot set a value that causes the internal space of the container to be less than 10 mm.
Container detection may NG if the rim of the container is less than 10 mm.

3 Make the settings in the Stacking settings area.

Setting value

Setting item [Factory default] Description
Stacking count 1t05 Set the number of stacked containers.
(1]
Stacking overlap 0.0000 to Set the amount of overlap between stacked containers.
[mm] 9,999.9999 You cannot set this to greater than the inside height of the
[0.0000] container.

@ Precautions for Correct Use

* You cannot set a value that causes the outside height of the stacked containers to be equal to
or greater than the vertical distance between the camera and the floor.

Checking the Container Shape Status on the Image (Display Set-
tings)

By changing the display settings, you can check the status of the container shape set on the image.
Changing the set value of the container shape also changes the displayed container shape.
* Frontimage

2-58

FH Series Vision System Processing Item Function Reference Manual for 3D Robot Vision (Z445-E1)



2 Inspecting and Measuring

1.Container Detection

Input parameters | Coordinate settings

Floor settings | Shape seftings | Region settings Measurement Judge cond. Output parameters

Shape parameter
Container TYDE N ‘BOX Type container J
Width (x axis) [mm] - 300.0000 - | JJ
Depth (y axis) [mm - 202.0000] _ | jj
Heignt (outer) (mm] : 940000 - | jj
Height (inner) [mm] 90,0000 - | jj
Rim (x axis) [mm] : ’W_J jj

Rim (y axis) [mm] : 100000] - | jj

uoiyo8le( Jauleyuo) ¢-z

Stacking settings
o t 45930J Display settings
acking count :
Image kind W
Stacking overlap [mm] : 0.
Draw with 3D

oK Cancel

Container image

(uonosya Jaurejuo)) sbumes adeys g-¢-z

1.Container Detection ‘
Floor seftings | Shape settings | Region settings Measurement Judge cond. Output parameters

Container type : |BOXTyDS container |

Width (x axis) [mm] : 300.0000 | | JJ
Depth (y axis) [mm] [ 2020000 | jj
Height (outer) [mm] : m_J jj
Height inner) [mm] [ eooo00 | jj
Rim (x axis) [mm] [ 170000 ] jj
Rim (y axis) [mm] - [ 00000 ] jj

Input parameters | Coordinate settings

Shape parameter

Stacking settings

IWJ Display settings
Gz | imsseuna: Contamrimags — B

Stacking count
@ Posture RX [deg] : ,mJj — } _>J
Posture RY [deg] - omon — ﬂ

Stacking overlap [mm)] : 0.0000 I I
Posture RZ [deg] : 0.0000] - | j —_ J— ﬂ
L‘ ﬂl Zoom rate [%] : 40.0000] | j — )— j

1 Set the value in the Display settings area.
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L. Setting value ..
Setting item [Factory default] Description
Image kind * [Front image] * Front image: The front image, which shows how the input
* Container im- image appears when it is seen from the top of the contain-
age er, is displayed. The inner diameter and outer diameter of
the container are displayed in green.
You can change the position of the center point by clicking
the image area. To rotate the displayed container shape,
right-clicking and drag it.
e Container image: A CAD mesh data image of the contain-
er shape generated from the set parameters is displayed.
Draw with 3D - This item is displayed only when Front image is selected in
Image kind.
Click this to start the 3D result display tool FZ-3DVisualizer.
The 3D result display tool FZ-3DVisualizer displays a 3D
model of the container built with the set parameters, together
with a 3D display of the measurement point cloud.
Checking 3D Measurement Results (FZ-3DVisualizer) on
page 2-60
Posture RX [deg] | -180.0000 to This item is displayed only when Container image is selected
180.0000 in Image kind.
[135.0000] Specify the posture of the displayed container as an XYZ Eu-
Posture RY [deg] | -180.0000 to ler angle. Since this is the amount of rotation around each
180.0000 axis in XYZ Euler angle, the image does not rotate around
[0.0000] the coordinate axes that you see now.
Posture RZ [deg] -180.0000 to
180.0000
[0.0000]
Zoom rate [%] 1.0000 to This item is displayed only when Container image is selected
100.0000 in Image kind.
[40.0000] Set the zoom rate for the CAD mesh image of the displayed
container shape.

2 Check the status on the image and set the shape.

® Checking 3D Measurement Results (FZ-3DVisualizer)

FZ-3DVisualizer is a result display tool that draws 3D point clouds, recognized workpieces, recog-
nized pose of grasping, etc. in 3D space. Use this tool to check the detection results for the 3D
Search and Grasp Planning processing items to see if objects are detected in appropriate posi-
tions in 3D space.

2-60 FH Series Vision System Processing Item Function Reference Manual for 3D Robot Vision (Z445-E1)



2 Inspecting and Measuring

FZ-3DVisualizer

[ Display Camera Coordinate Axis

N

)
[] Display Point Cloud g
o o
Point Size l:l < | » ':_s._
=4

[ Display 3D Recognizing Object 3
e
o
() Wireframe Display o

©

o
@® Polygon Display g.

]

ay n
spla
lygon I
ay Han
All
I 0
Center of Display

(® COG of Point Cloud

() Camera Origin
Reset Display

End

»
@
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3D objects are displayed in the image display area.

Operation Description
Left-click + Drag You can move the viewpoint by rotating the image around the display
center of the image display area.
Mouse wheel scroll You can zoom in and out the image around the display center of the im-
age display area.
Middle click + Drag You can move the display center of the image display area.
or

Shift key + Left-click + Drag

Item Description
Display Camera Coordi- | Show or hide the camera coordinate axes.
nate Axis
Display Point Cloud Show or hide the point cloud data.
Point Size Change the size of the displayed point cloud. The point cloud size range is 1 to
5.
Display 3D Recognizing | Show or hide the workpiece recognized in the 3D Search processing item.
Object

Wireframe Display | Set the workpiece display format to wireframe display.
Polygon Display Set the workpiece display format to polygon display.
Display Container Show or hide the container detected in the Container Detection processing

item.
It cannot be set in the 3D Search processing item.

Wireframe Display | Set the workpiece display format to wireframe display.
Polygon Display Set the workpiece display format to polygon display.
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Item Description
Display Hand Show or hide the pose of grasping calculated in the Grasp Planning processing
item.
It cannot be set in the 3D Search processing item.
All All candidates are displayed at the same time.
Selected One of the candidates for the specified measurement result number is displayed.
Center of Display Switch the display center of the image display area between the center of gravity
COG of Point of the point cloud (center of gravity XYZ of the point cloud data) and the camera
Cloud origin.
Camera Origin
Reset Display Reset the display position of the image display area to the initial position.
End Close the FZ-3DVisualizer tool.

2-3-6  Region setting (Container Detection)

Set the region in which to search for the container.

Instead of measuring the entire input image, narrowing the measurement area shortens the process-
ing time.

Use a rectangle, ellipse (circle), wide circle, or polygon to specify a measurement region.

@ Additional Information

Up to 8 graphs can be used together to draw the measured region. Complex areas can be
drawn through image integration or by removing unnecessary sections from the measurement
region.

1 In the Item tab area, click the Region settings tab.
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1.Container Detection

Input parameters | Coordinate settings Floor settings

Registered figure | Edit
Rectangle

Shape settings [ Region settings Measurement Judge cond. Output parameters
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OK Cancel

2 Click Edit.
The Figure Setting area is displayed.

3 Set the region in which to search for the container.
The rectangle covering the entire screen is set. Adjust the size and position of the rectangle.

4 Ciick OK in the Figure setting area.
* OK: Changes the settings and returns to the previous menu.
» Cancel: Changes are discarded. Returns to the previous menu.
* Apply: Updates the settings without leaving edit window.

2-3-7  Measurement (Container Detection)

Set the measurement conditions for detecting the container as measurement parameters.

I Setting the Measurement Conditions

Set the necessary parameters and processing conditions for the measurement.

1 In the ltem tab area, click Measurement.
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1.Container Detection

Input parameters | Coordinate settings | Floor settings | Shape settings Region settings I Measurement Judge cond. Output parameters

Measurement condition

Candidate LV(Fine): 0| || < | >

¥ Rotation

Angle range [deg] : -90 'I %0 E

W Measure once Measure Advanced ]

Measurenent results

Count: 1

Measure X: 641.0000

Measure Y : 560.3469

Measure angle [deqg] : -0.2831

Correlation : 93.7143

Position X [mm] : -2.0921 45,930J Display settings

Position Y [mm] : 26.9642 ™ Display edge image
FEELEIE Il 'Q ™ Display corresponding model
Posture RX [deg] : 179.4533

Posture RY [deg] 1.0343 Draw with 3D |
Posture RZ [deg] : 179.7169

Posture type : ZYX euler angle

2 Set the value in the Measurement condition area.

.. Setting value L.
Setting item [Factory default] Description
Candidate LV 0 to 100 [50] Set the search threshold for detecting the edges of the con-
(Fine) tainer.
If you cannot search for the container edges stably, decrease
the Candidate LV (Fine) value.
Rotation * [Checked] Check Rotation if the direction of the detection target is dif-
* Unchecked ferent from that during shape setting.
Angle range [deg] | -180to 180 This setting is enabled when Rotation is checked.
[-90] to [90] Specify the range of angles in which to perform measure-
ment.

3 Click Advanced. Set the value in the Measurement condition area.
The container is displayed as an edge image.
Click Return to return to the previous menu.
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Input parameters

Coordinate settings

Floor settings

2 Inspecting and Measuring

Shape settings Region settings | Measurement Judge cond. Output parameters

Measurement condition
Edge level :

[~ Auto

Acceptable distortion level

I Back clutter

Candidate LV(Rough)
v Auto

¥ Reverse polarity

High j

=]

¥ Measure once Measure Return

¢Measurement results
Count:

Measure X

Measure Y :
Measure angle [deg] -
Correlation :

Position X [mm]
Position Y [mm] :
Position Z [mm] :
Posture RX [deg]
Posture RY [deg] :
Posture RZ [deg]
Posture type :

1
641.0000
560.3469

-0.2831
93.7143
-2.0921
26.9642
547.1651
179.4533
1.0343
179.7169

ZYX euler angle

oK Cancel

'WJ Display settings

AR I Display edge image
S | St | S
d R K I~ Display corresponding model
ﬁ Draw with 3D

Setting item

Setting value
[Factory default]

Description

Edge level

Auto, 0 to 1,024
[100]

Set the lower limit of the Edge level to recognize the edges
during measurement. Edges at the Edge level or above will
be recognized.

If it is difficult to find the edges, decrease the Edge level. If
there is an effect of noise, increase the Edge level.

Check Auto to adjust the Edge level automatically.

Acceptable distor- |« Low Set the degree of effect on the correlation value when the
tion level * Middle edges are uneven. To prevent the reduction of the correlation
* [High] value due to the effect of uneven edges, set the Acceptable
distortion level to High.
Back clutter * Checked To stabilize the measurement when there are many edges on

* [Unchecked]

the background of the detection target, check Back clutter.

Candidate LV
(Rough)

Auto, 0 to 100
[Auto]

Set the threshold for finding candidate points in a rough
search.

If you cannot search stably, decrease the value.

Check Auto to adjust the Candidate LV (Rough) value auto-
matically.

Reverse polarity

* Checked
* [Unchecked]

To detect a glossy workpiece or other object that causes the
relationship of light and shade to be reversed, check
Reverse polarity.

4 When the setting has been changed, click Measure to verify whether measurement can be
performed correctly.
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2 Inspecting and Measuring

Setting item [F:?:::::f::fl::l n Description
Measure once * [Checked] * Checked: When the container stays in the same place,

* Unchecked check the item so that the container is detected only once
on the setting screen and not detected in each measure-
ment. The results of the detection on the setting screen is
retained.

¢ Unchecked: Uncheck this to detect the container in each
measurement.

Item Description
Count Detection count with the current settings
Measure X X coordinate of the detection position on the image
Measure Y Y coordinate of the detection position on the image
Measure angle [deg] Angle of the detection position on the image
Correlation Correlation
Position X [mm] Center position of the container bottom seen from the output coordinate sys-
Position Y [mm] tem set from Coordinate settings

Position Z [mm]

Posture RX [deg] / Pos- | Posture of the container seen from the output coordinate system set from

ture RZ [deg] Coordinate settings

Posture RY [deg] If you set Posture type to ZYZ Euler angle, RX is replaced with RZ.
Posture RZ [deg]

Posture type The setting of the referenced HandEye calibration data in Coordinate

settings is displayed.

I Checking Measurement Results in the Image (Display Settings)

You can change the display settings to check the processing conditions for measurements on the im-
age.

1 Set the value in the Display settings area.
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1.Container Detection

Input parameters | Coordinate settings

Floor settings | Shape settings Region settings [ Measurement Judge cond. Qutput parameters

Measurement condition

Candidate LV(Fine): 50| - || = I >

¥ Rotation

Angle range [deg]: -90 - 90| -

n
w
(%)
o
=]
~—*
2
=
]
=
o
(]
(=g
(13
o
(=3
o
=1

V¥ Measure once Measure Advanced

Measurement results E
Count : 1 foe)
Measure X : 641.0000 é
Measure Y 560.3469 8—
Measure angle [deg] : -0.2831 ()
Correlation : 93.7143 8
Position X [mm] : -2.0021 IWJ Display settings g_
Position Y [mm] : 26.9642 p }2 ™ Display edge image a
Position Z [mm] : 547.1651 1 }1 W e s g
Posture RX [deg] : 179.4533 T
Posture RY [deg] : 1.0343 Draw with 3D | g'
Posture RZ [deg] : 179.7169 =

T

Posture type : ZYX euler angle g
@

Q

Q

OK Cancel o

=]

=

Setting value

Setting item [Factory default] Description
Display edge im- e Checked Check this to display the edge image, which represents the
age * [Unchecked] contour features extracted from the measurement image.
Uncheck this item to display the measurement image.
Display corre- e Checked Check this to superimpose the rough search model on the
sponding model * [Unchecked] displayed image.
Draw with 3D - Click this to start the 3D result display tool FZ-3DVisualizer.

The 3D result display tool FZ-3DVisualizer displays a 3D
model of the container built with the set parameters, together
with a 3D display of the measurement point cloud.

Checking 3D Measurement Results (FZ-3DVisualizer) on
page 2-60

2 Check the conditions of measurement processing on the image and set the measurement pa-
rameters.

2-3-8  Judge cond. (Container Detection)

Set the judgment conditions for the measurement results.

Set the upper and lower values to judge the measurement result. When the measurement result value
is within the upper and lower values, Judgment is OK (pass). When the measurement result value ex-
ceeds either the upper or lower value Judgment is NG (failure). Although the judgment result for the
processing Unit is OK when the judgment for all measurements is OK, it will be NG if any measure-
ment result is NG.
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1 In the Item tab area, click Judge cond..

1.Container Detection

Input parameters | Coordinate settings Floor settings Shape settings Region settings Measurement [ Judge cond. Output parameters
t condition

Count: 1

[ L] 1l
Measure X : 641.0000

[ -oessssese| - |-[ ooosgsese| |
Measure Y : 560.3469

[ -oo9ss9890| . |-[ cessssess| |
Measure angle [deg] -0.2831

| -180] - |-[ 180] .|
Correlation : 93.7143

I— L —

Measure |

Display settinzs

[ oL
FIE

[ Display edge image

[ Display corresponding model

[ [io)

Draw with 3D |

OK | Cancel

2 Set the value in the Judgement condition area.

L. Setting value . ..
Setting item [Fac torf default] Description

Count 0to 128 Set the upper and lower limits of the detection count to judge
[1]to [1] as OK.

Measure X -99,999.9999 to Set the upper and lower limits of the measurement point X to
99,999.9999 judge as OK.
[-99,999.9999] to
[99,999.9999]

Measure Y -99,999.9999 to Set the upper and lower limits of the measurement point Y to
99,999.9999 judge as OK.
[-99,999.9999] to
[99,999.9999]

Measure angle -180 to 180 Set the upper and lower limits of the detection angle to judge

[deg] [-180] to [180] as OK.

Correlation 0to 100 Set the upper and lower limits of the correlation value to
[60] to [100] judge as OK.

3 Click Advanced. Set the value in the Judgement condition area.

2-68

Click Return to return to the previous menu.
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+Judgement condition
Position X [mm] : -2.0921
[ -1Dooooooou—| 10000.0000J N
A
Position ¥ [mm] : 26.9642 9
3
| -1oooooooou—| 100000000_] )
=3
Position Z [mm] : 5471651 e
=)
o (]
[ 100000000 .. |-[ 10000.0000] . | 3
Posture RX [deg] : 179.4533 5
3
[ -1eo0o00 || 180.0000 | |
Posture RY [deg] : 1.0343
| -1BDDDODU—| 180.0000J
Posture RZ [deg] : 179.7169 o
&
[ -1e00000 .|| 180.0000 | . | s
[
Posture type : s
|zvx euler angle () - ]
8
)
o
Measure ‘ Return ‘ S
o
3
g
=}
@
@)
o
[0}
Q
z
2
oK ’ ‘ Cancel ‘
L. Setting value o
Setting item 9 Description
[Factory default]
Position X [mm] [-10,000.0000] to Set the range of detected container positions to judge as OK.
[10,000.0000] The range is for the center position of the container bottom

Position Y [mm]

[-10,000.0000] to
[10,000.0000]

Position Z [mm]

[-10,000.0000] to
[10,000.0000]

seen from the output coordinate system set from Coordinate
settings.

Posture RX [deg] /
Posture RZ [deg]

[-180] to [180]

Posture RY [deg]

[-180] to [180]

Posture RZ [deg]

[-180] to [180]

Set the range of detected container postures to judge as OK.
The range is for the posture of the container seen from the
output coordinate system set from Coordinate settings.

If you set Posture type to ZYZ Euler angle, RX is replaced
with RZ.

Posture type

* [ZYX Euler an-
gle]

e ZYZ Euler angle

* XYZ Euler angle

Set the posture angle type to use for judgment.
The setting of the referenced HandEye calibration data in
Coordinate settings is indicated with (*).

4 When the setting has been changed, click Measure to verify whether measurement can be
performed correctly.
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I Checking Measurement Results in the Image (Display Settings)

You can change the display settings to check the processing conditions for measurements on the im-
age.

1 Set the value in the Display settings area.

1.Container Detection

Input parameters | Coordinate settings

Floor settings | Shape seftings Region settings I Measurement Judge cond. Output parameters

Measurement condition

Candidate LV(Fine) : 50 I < I »

¥ Rotation

Angle range [deqg] : -90 = 90| -

W Measure once Measure Advanced

(Measurenent results

Count: 1

Measure X : 641.0000

MeasureY': 560.3469

Measure angle [deg] : -0.2831

Correlation : 93.7143

Position X [mm] : -2.0921 Display settings

Position Y [mm] : 26.9642 [” Display edge image

Position Z [mm] : 547.1651 I [E iy Eareaor g el
Posture RX [deg] : 179.4533

Posture RY [deg] : 1.0343 Draw with 30 |
Posture RZ [deg] 179.7169

Posture type : ZYX euler angle

Setting value

Setting item [Factory default] Description
Display edge im- * Checked Check this to display the edge image, which represents the
age * [Unchecked] contour features extracted from the measurement image.
Uncheck this item to display the measurement image.
Display corre- * Checked Check this to superimpose the rough search model on the
sponding model * [Unchecked] displayed image.
Draw with 3D - Click this to start the 3D result display tool FZ-3DVisualizer.

The 3D result display tool FZ-3DVisualizer displays a 3D
model of the container built with the set parameters, together
with a 3D display of the measurement point cloud.

Checking 3D Measurement Results (FZ-3DVisualizer) on
page 2-60

2 Check the conditions of measurement processing on the image and set the measurement pa-
rameters.
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2-3-9  Output Parameters (Container Detection)

Select how to handle the coordinates to be output to the external device as measurement results. This
item can be changed as necessary. Normally, the factory default value will be used.

1 In the Item tab area, click Output parameter.

2 Select the Reflect to overall judgment.

L. Setting value o
Setting item [Factory default] Description
Reflect to overall * [ON] -
judgment * OFF

2-3-10 Key Points for Test Measurement and Adjustment (Container De-
tection)

The following content is displayed in the Detail result area as text.

M Precautions for Correct Use

Executing test measurements will also update the measurement results and the figures in the
image.

Displayed item Description

Judge Judgment result

0: No judgment (unmeasured)

1: Judgment result OK

-1: Judgment result NG

-10: Error (image format mismatch)
-11: Error (unregistered model)
-12: Error (insufficient memory)
-20: Error (other errors)

Position X [mm] Center position X of the container bottom seen from the output coordinate system
set from Coordinate settings

Position Y [mm] Center position Y of the container bottom seen from the output coordinate system
set from Coordinate settings

Position Z [mm] Center position Z of the container bottom seen from the output coordinate system
set from Coordinate settings

Posture RX [deg] / Pos- Posture RX of the container seen from the output coordinate system set from

ture RZ [deg] Coordinate settings
If you set Posture type to ZYZ Euler angle, RX is replaced with RZ.

Posture RY [deg] Posture RY of the container seen from the output coordinate system set from
Coordinate settings

Posture RZ [deg] Posture RZ of the container seen from the output coordinate system set from

Coordinate settings

Posture type Posture type for the detected container posture

The image specified in the Sub-image number in the image display setting is displayed in the Image
Display area.
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2 Inspecting and Measuring

Sub-image number Description of image to be displayed

0 The coordinate axis figure of the detected plane is superimposed on the measure-
ment image.

The measurement result figure is superimposed on the front image.

2 The measurement result figure and the corresponding model display image are su-
perimposed on the front image.

3 The measurement result figure and the edge image are superimposed on the front
image.

4 The measurement result figure, the edge image and the corresponding model dis-

play image are superimposed on the front image.

I Key Points for Adjustment (Container Detection)

Adjust the setting parameters referring to the following points.

® When tabs that follow the Coordinate settings tab are disabled

Parameter to be adjust-

Remed
ed y
Coordinate settings The Coordinate settings tab may not be set appropriately. If a warning mes-
sage is displayed in the Coordinate settings tab, review the settings according-

ly.
If the coordinate settings are not completed, you cannot set the items in tabs
that follow this tab.

® When floor detection fails

Parameter to be adjust-
ed

Floor settings The minimum number of 3D data items required for floor detection are not in-

cluded in the measurement region. Set the floor region to include the required

3D data of the floor.

The measurement region may not be a plane (floor). Adjust the floor region.

Remedy

® When the 2D image is not displayed in the Region settings or Measure-

ment tab
Parameter to be adjust-
jus Remedy
ed
Camera Image Input The 2D image may not be set in the Camera Image Input AOS processing item.
AOS processing item Check 2D imaging ON in the Camera setting(2D) tab in the Camera Image

Input AOS processing item and confirm that Measurement image 0 in Output
setting is set to Captured image (2D).

® When the container image seen from the top is not displayed in the Re-
gion settings or Measurement tab

Parameter to be adjust-
ed

Floor settings If the floor is not measured yet, the container image seen from the top is not dis-
played. In the Floor settings tab, confirm that the Z coordinate axis (blue) of the
floor points to the normal direction of the floor and detect the floor again.

Remedy

2-72 FH Series Vision System Processing Item Function Reference Manual for 3D Robot Vision (Z445-E1)



2 Inspecting and Measuring

® When the container cannot be detected

Parameter to be adjust-
ed

Remedy

Camera Image Input
AOS processing item

The 2D image may not be set in the Camera Image Input AOS processing item.
Check 2D imaging ON in the Camera setting(2D) tab in the Camera Image
Input AOS processing item and confirm that Measurement image 0 in Output
setting is set to Captured image (2D).

Coordinate settings

The settings (evaluation values of expressions) for the flange position/posture
seen from the robot base coordinate system may be different from the position/
posture of the robot when the measurement image was captured.

The current capturing posture of the camera is calculated based on the amount
of change from the capturing position/posture of the robot when the floor was
registered. If the correct camera posture cannot be calculated, the container de-
tection fails because the container image seen from the top cannot be generat-
ed.

Check if the evaluation values of the expressions in use are the intended values.
If there are unintended values, update the values of the relevant system varia-
bles.

Floor settings

Even when the floor was correctly registered before, the floor in the current envi-
ronment may be different from what it was. The container detection fails be-
cause the container image seen from the top is generated and searched based
on the floor registered before. Detect the floor again.

Shape settings

The image used for container detection may be significantly deviated from the
measurement image. Review the Shape settings parameters.

Measurement

The edges may not be adequately extracted due to insufficient contrast between
the floor and the container. Adjust the Edge level setting, or adjust the back-
ground.

The parameters for container detection may be incorrect. Confirm that the meas-
urement conditions in the Measurement tab are correct.

tion

® When the container detected by the 3D result display tool is out of posi-

Parameter to be adjust-
ed

Remedy

Floor settings

Even when the floor was correctly registered before, the floor in the current envi-
ronment may be different from what it was. The container detection fails be-
cause the container image seen from the top is generated and searched based
on the floor registered before. Detect the floor again.

Shape settings

The image used for container detection may be significantly deviated from the
measurement image. Review the Shape settings parameters.

Coordinate settings

The settings (evaluation values of expressions) for the flange position/posture
seen from the robot base coordinate system may be different from the position/
posture of the robot when the measurement image was captured.

The current capturing posture of the camera is calculated based on the amount
of change from the capturing position/posture of the robot when the floor was
registered. If the correct camera posture cannot be calculated, the container de-
tection fails because the container image seen from the top cannot be generat-
ed.

Check if the evaluation values of the expressions in use are the intended values.
If there are unintended values, update the values of the relevant system varia-
bles.
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2 Inspecting and Measuring

2-3-11 Measurement Results for Which Output Is Possible (Container
Detection)

The following values can be output using processing items related to result output. It is also possible
to reference measurement values from calculation expressions and other processing units.

h
Measurement items ¢ ar.a cter Description
string

Judge JG Judgment result

0: No judgment (unmeasured)

1: Judgment result OK

-1: Judgment result NG

-10: Error (image format mismatch)
-11: Error (unregistered model)
-12: Error (insufficient memory)
-20: Error (other errors)

Position X PX Center position X of the container bottom seen from
the output coordinate system set from Coordinate
settings

Position Y PY Center position Y of the container bottom seen from
the output coordinate system set from Coordinate
settings

Position Z Pz Center position Z of the container bottom seen from
the output coordinate system set from Coordinate
settings

Posture RA PRA Posture RX of the container seen from the output co-
ordinate system set from Coordinate settings

If you set Posture type to ZYZ Euler angle, RX is re-
placed with RZ.

Posture RY PRB Posture RY of the container seen from the output coor-
dinate system set from Coordinate settings

Posture RZ PRC Posture RZ of the container seen from the output coor-
dinate system set from Coordinate settings

Posture type PRT Posture type for the detected container posture
0: ZYX Euler angle, 1: ZYZ Euler angle, 2: XYZ Euler
angle

RotMatrix 11 RM11 Rotation matrix expression of the detected container

posture seen from the output coordinate system set
from Coordinate settings
1 row and 1 column

RotMatrix 12 RM12 Rotation matrix expression of the detected container
posture seen from the output coordinate system set
from Coordinate settings

1 row and 2 columns

RotMatrix 13 RM13 Rotation matrix expression of the detected container
posture seen from the output coordinate system set
from Coordinate settings

1 row and 3 columns

RotMatrix 21 RM21 Rotation matrix expression of the detected container
posture seen from the output coordinate system set
from Coordinate settings

2 rows and 1 column
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h
Measurement items ¢ ar_a cter Description
string

RotMatrix 22 RM22 Rotation matrix expression of the detected container
posture seen from the output coordinate system set
from Coordinate settings

2 rows and 2 columns

RotMatrix 23 RM23 Rotation matrix expression of the detected container
posture seen from the output coordinate system set
from Coordinate settings

2 rows and 3 columns

uoiyo8le( Jauleyuo) ¢-z

RotMatrix 31 RM31 Rotation matrix expression of the detected container
posture seen from the output coordinate system set
from Coordinate settings

3 rows and 1 column

RotMatrix 32 RM32 Rotation matrix expression of the detected container
posture seen from the output coordinate system set
from Coordinate settings

3 rows and 2 columns

RotMatrix 33 RM33 Rotation matrix expression of the detected container
posture seen from the output coordinate system set
from Coordinate settings

3 rows and 3 columns

2-3-12 External Reference Tables (Container Detection)

No. Data name Data ident Set/Get Data range

0 Judge judge Get only 0: No judgment (unmeas-
ured), 1: Judgment result
OK, -1: Judgment result NG,
-10: Error (image format mis-
match), -11: Error (unregis-
tered model), -12: Error (in-
sufficient memory), -20: Error
(other errors)

(uonoela( Jaureluon) ss|qel soualaley [eulsIxy ZL-c-2

6 Position X planeCoordX Get only -10,000.0000 to 10,000.0000
[mm] Robot base coord

7 Position Y planeCoordY Get only -10,000.0000 to 10,000.0000
[mm] Robot base coord

8 Position Z planeCoordZ Get only -10,000.0000 to 10,000.0000
[mm] Robot base coord

9 Posture RA planeCoordRA Get only -180.0000 to 180.0000 [deg]
Robot base coord

10 Posture RY planeCoordRB Get only -180.0000 to 180.0000 [deg]
Robot base coord

11 Posture RZ planeCoordRC Get only -180.0000 to 180.0000 [deg]
Robot base coord

12 Posture type planeCoordRType Get only 0: ZYX Euler angle, 1: ZYZ
Euler angle, 2: XYZ Euler
angle

13 RotMatrix11 planeRotMat11 Get only -1.0000 to 1.0000 Robot
base coord
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2-76

No. Data name Data ident Set/Get Data range
14 RotMatrix12 planeRotMat12 Get only -1.0000 to 1.0000 Robot
base coord
15 RotMatrix13 planeRotMat13 Get only -1.0000 to 1.0000 Robot
base coord
16 RotMatrix21 planeRotMat21 Get only -1.0000 to 1.0000 Robot
base coord
17 RotMatrix22 planeRotMat22 Get only -1.0000 to 1.0000 Robot
base coord
18 RotMatrix23 planeRotMat23 Get only -1.0000 to 1.0000 Robot
base coord
19 RotMatrix31 planeRotMat31 Get only -1.0000 to 1.0000 Robot
base coord
20 RotMatrix32 planeRotMat32 Get only -1.0000 to 1.0000 Robot
base coord
21 RotMatrix33 planeRotMat33 Get only -1.0000 to 1.0000 Robot
base coord
22 Position X (camera planeCoordCX Get only -10,000.0000 to 10,000.0000
coord.) [mm] Camera coord
23 Position Y (camera planeCoordCY Get only -10,000.0000 to 10,000.0000
coord.) [mm] Camera coord
24 Position Z (camera planeCoordCZ Get only -10,000.0000 to 10,000.0000
coord.) [mm] Camera coord
25 Posture RA (camera | planeCoordCRA Get only -180.0000 to 180.0000 [deg]
coord.) Camera coord
26 Posture RY (camera | planeCoordCRB Get only -180.0000 to 180.0000 [deg]
coord.) Camera coord
27 Posture RZ (camera | planeCoordCRC Get only -180.0000 to 180.0000 [deg]
coord.) Camera coord
28 Posture type (cam- planeCoordCRType | Get only 0: ZYX Euler angle, 1: ZYZ
era coord.) Euler angle, 2: XYZ Euler
angle
29 RotMatrix11 (camera | planeRotMatC11 Get only -1.0000 to 1.0000 Camera
coord.) coord
30 RotMatrix12 (camera | planeRotMatC12 Get only -1.0000 to 1.0000 Camera
coord.) coord
31 RotMatrix13 (camera | planeRotMatC13 Get only -1.0000 to 1.0000 Camera
coord.) coord
32 RotMatrix21 (camera | planeRotMatC21 Get only -1.0000 to 1.0000 Camera
coord.) coord
33 RotMatrix22 (camera | planeRotMatC22 Get only -1.0000 to 1.0000 Camera
coord.) coord
34 RotMatrix23 (camera | planeRotMatC23 Get only -1.0000 to 1.0000 Camera
coord.) coord
35 RotMatrix31 (camera | planeRotMatC31 Get only -1.0000 to 1.0000 Camera
coord.) coord
36 RotMatrix32 (camera | planeRotMatC32 Get only -1.0000 to 1.0000 Camera
coord.) coord
37 RotMatrix33 (camera | planeRotMatC33 Get only -1.0000 to 1.0000 Camera
coord.) coord
38 Coefficient of floor planeNormalA Get only Robot base coord

equation A
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No. Data name Data ident Set/Get Data range
39 Coefficient of floor planeNormalB Get only Robot base coord
equation B
40 Coefficient of floor planeNormalC Get only Robot base coord
equation C
41 Coefficient of floor planeNormalD Get only 10.0000 to 10,000.0000 Ro-
equation D bot base coord
42 Coefficient of floor planeNormalCA Get only Camera coord
equation A (camera
coord.)
43 Coefficient of floor planeNormalCB Get only Camera coord
equation B (camera
coord.)
44 Coefficient of floor planeNormalCC Get only Camera coord
equation C (camera
coord.)
45 Coefficient of floor planeNormalCD Get only 10.0000 to 10,000.0000
equation D (camera Camera coord
coord.)
46 Judge (search) searchJudge Get only 0: No judgment (unmeas-
ured), 1: Judgment result
OK, -1: Judgment result NG,
-10: Error (image format mis-
match), -11: Error (unregis-
tered model), -12: Error (in-
sufficient memory), -20: Error
(other errors)
47 Count count Get only 0 to 1,000
48 Measure X positionX Get only -99,999.9999 to 99,999.9999
49 Measure Y positionY Get only -99,999.9999 to 99,999.9999
50 Measure angle angle Get only -180 to 180 [deg]
51 Correlation correlation Get only 0to 100
101 Ref. unit number of camera3dUnitNo Set/Get -2 t0 9,999
3D Imaging unit
108 Display image kind ImageDispKind Set/Get 0: Input - Measure image 0,
1: Camera - Depth image, 2:
Camera - Captured(2D), 3:
Camera - Captured(3D)
110 Ref. scene number handeyeSceneNo Set/Get -1to0 1,023
of handeye data unit
111 Ref. unit number of handeyeUnitNo Set/Get -1 t0 9,999
handeye data unit
112 flange position X robotCoordX Set/Get -10,000.0000 to 10,000.0000
(expr. value) [mm] Robot base coord
113 flange position Y robotCoordY Set/Get -10,000.0000 to 10,000.0000
(expr. value) [mm] Robot base coord
114 flange position Z robotCoordZ Set/Get -10,000.0000 to 10,000.0000
(expr. value) [mm] Robot base coord
115 flange posture RA robotCoordRA Set/Get -180.0000 to 180.0000 [deg]
(expr. value) Robot base coord
116 flange posture RY robotCoordRB Set/Get -180.0000 to 180.0000 [deg]

(expr. value)

Robot base coord
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2 Inspecting and Measuring

2-78

No. Data name Data ident Set/Get Data range
117 flange posture RZ robotCoordRC Set/Get -180.0000 to 180.0000 [deg]
(expr. value) Robot base coord
121 Floor offset (expr. planeOffset Set/Get -10,000.0000 to 10,000.0000
value) [mm] Along the normal
142 Width (x axis) containerWidth Set/Get 10.0000 to 10,000.0000
[mm]
143 Depth (y axis) containerDepth Set/Get 10.0000 to 10,000.0000
[mm]
144 Height (inner) containerHeightl Set/Get 10.0000 to 10,000.0000
[mm]
145 Height (outer) containerHeightO Set/Get 10.0000 to 10,000.0000
[mm]
146 Rim (x axis) containerThickW Set/Get 0.0000 to 1,000.0000 [mm]
147 Rim (y axis) containerThickD Set/Get 0.0000 to 1,000.0000 [mm]
148 Stacking count containerCount Set/Get 1to0 2,147,483,647
149 Stacking overlap containerOverlap Set/Get 0.0000 to 1,000.0000 [mm]
162 Measure once searchOne Set/Get 0: Disable, 1: Enable
163 Reverse reverse Set/Get 0: Disable, 1: Enable
164 Candidate Point Lev- | candidateLevel Set/Get 0to 100
el (Fine)
168 With rotation rotation Set/Get 0: Disable, 1: Enable
169 Lower limit of the ro- | startAngle Set/Get -180.0000 to 180.0000 [deg]
tation angle
170 Upper limit of the ro- | endAngle Set/Get -180.0000 to 180.0000 [deg]
tation angle
180 Edge level (Meas- edgelLevelMeasAuto | Set/Get 0: Disable, 1: Enable
ure) auto setting
181 Edge level (Meas- edgelevelMeas Set/Get 0to 1,024
ure)
184 Acceptable distortion | distLevel Set/Get 0: Low, 1: Middle, 2: High
level
185 Back clutter complexBackGround | Set/Get 0: Disable, 1: Enable
190 Candidate Point Lev- | candidateLevel- Set/Get 0: Disable, 1: Enable
el (Rough) auto set- | RoughAuto
ting
191 Candidate Point Lev- | candidateLevel- Set/Get 0 to 100
el (Rough) Rough
197 Lower limit of the de- | lowerCount Set/Get 0to 128
tected number
198 Upper limit of the de- | upperCount Set/Get 0to 128
tected number
199 Lower limit of the lowerX Set/Get -99,999.9999 to 99,999.9999
measure X
200 Upper limit of the upperX Set/Get -99,999.9999 to 99,999.9999
measure X
201 Lower limit of the lowerY Set/Get -99,999.9999 to 99,999.9999
measure Y
202 Upper limit of the upperY Set/Get -99,999.9999 to 99,999.9999

measure Y
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No. Data name Data ident Set/Get Data range
203 Lower limit of the lowerAngle Set/Get -180.0000 to 180.0000 [deg]
measure angle
204 Upper limit of the upperAngle Set/Get -180.0000 to 180.0000 [deg]
measure angle
205 Lower limit of the lowerCorrelation Set/Get 0to 100
correlation
206 Upper limit of the upperCorrelation Set/Get 0to 100
correlation
207 Lower limit of posi- lowerTX Set/Get -10,000.0000 to 10,000.0000
tion X [mm] Robot base coord
208 Upper limit of posi- upperTX Set/Get -10,000.0000 to 10,000.0000
tion X [mm] Robot base coord
209 Lower limit of posi- lowerTY Set/Get -10,000.0000 to 10,000.0000
tion Y [mm] Robot base coord
210 Upper limit of posi- upperTY Set/Get -10,000.0000 to 10,000.0000
tionY [mm] Robot base coord
211 Lower limit of posi- lowerTZ Set/Get -10,000.0000 to 10,000.0000
tion Z [mm] Robot base coord
212 Upper limit of posi- upperTZ Set/Get -10,000.0000 to 10,000.0000
tion Z [mm] Robot base coord
213 Lower limit of pos- lowerRA Set/Get -180.0000 to 180.0000 [deg]
ture RA Robot base coord
214 Upper limit of pos- upperRA Set/Get -180.0000 to 180.0000 [deg]
ture RA Robot base coord
215 Lower limit of pos- upperRB Set/Get -180.0000 to 180.0000 [deg]
ture RY Robot base coord
216 Upper limit of pos- lowerRB Set/Get -180.0000 to 180.0000 [deg]
ture RY Robot base coord
217 Lower limit of pos- upperRC Set/Get -180.0000 to 180.0000 [deg]
ture RZ Robot base coord
218 Upper limit of pos- lowerRC Set/Get -180.0000 to 180.0000 [deg]
ture RZ Robot base coord
219 Posture type judgePostureType Set/Get 0: ZYX Euler angle, 1: ZYZ
Euler angle, 2: XYZ Euler
angle
For confirming
220 Reflect to overall overallJudge Set/Get 0: ON, 1: OFF
judgement
1009 Robot mount machineMount Get only -1: Unspecified, 0: Floor
mount, 1: Ceiling mount
1010 Robot type machineType Get only -1: Unspecified, 0: 3-ax-
is(XYZ) robot, 1: 4-ax-
is(XYZR) robot, 2: 6-ax-
is(XYZWPR) robot
1011 Robot posture type poseRotationType Get only -1: Unspecified, 0: ZYX Euler
angle, 1: ZYZ Euler angle, 2:
XYZ Euler angle
1012 Camera mount cameraMount Get only -1: Unspecified, 0: Fixed
camera, 1: On hand camera
1020 flange position X robotCoordXEval Get only -10,000.0000 to 10,000.0000

[mm] Robot base coord
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No. Data name Data ident Set/Get Data range

1021 flange position Y robotCoordYEval Get only -10,000.0000 to 10,000.0000
[mm] Robot base coord

1022 flange position Z robotCoordZEval Get only -10,000.0000 to 10,000.0000
[mm] Robot base coord

1023 flange posture RA robotCoordRAEval Get only -180.0000 to 180.0000 [deg]
Robot base coord

1024 flange posture RY robotCoordRBEval Get only -180.0000 to 180.0000 [deg]
Robot base coord

1025 flange posture RZ robotCoordRCEval Get only -180.0000 to 180.0000 [deg]
Robot base coord

1026 flange posture type robotCoordRTEval Get only 0: ZYX Euler angle, 1: ZYZ
Euler angle, 2: XYZ Euler
angle

1027 Floor offset planeOffseteval Get only -10,000.0000 to 10,000.0000
[mm] Along the normal

1029 Camera position X cam2refXEval Get only -10,000.0000 to 10,000.0000
[mm] Robot base coord

1030 Camera position Y cam2refYEval Get only -10,000.0000 to 10,000.0000
[mm] Robot base coord

1031 Camera position Z cam2refZEval Get only -10,000.0000 to 10,000.0000
[mm] Robot base coord

1032 Camera posture RA | cam2refRAEval Get only -180.0000 to 180.0000 [deg]
Robot base coord

1033 Camera posture RY | cam2refRBEval Get only -180.0000 to 180.0000 [deg]
Robot base coord

1034 Camera posture RZ | cam2refRCEval Get only -180.0000 to 180.0000 [deg]
Robot base coord

1035 Camera posture type | cam2refRTEval Get only 0: ZYX Euler angle, 1: ZYZ
Euler angle, 2: XYZ Euler
angle

1051 Position X (origin) cntnrCoordX Get only -10,000.0000 to 10,000.0000
[mm] Robot base coord

1052 Position Y (origin) cntnrCoordY Get only -10,000.0000 to 10,000.0000
[mm] Robot base coord

1053 Position Z (origin) cntnrCoordZ Get only -10,000.0000 to 10,000.0000
[mm] Robot base coord

1054 Posture RA (origin) cntnrCoordRA Get only -180.0000 to 180.0000 [deq]
Robot base coord

1055 Posture RY (origin) cntnrCoordRB Get only -180.0000 to 180.0000 [deg]
Robot base coord

1056 Posture RZ (origin) cntnrCoordRC Get only -180.0000 to 180.0000 [deg]
Robot base coord

1057 Posture type (origin) | cntnrCoordRType Get only 0: ZYX Euler angle, 1: ZYZ
Euler angle, 2: XYZ Euler
angle

1058 RotMatrix11 (origin) | cntnrRotMat11 Get only -1.0000 to 1.0000 Robot
base coord

1059 RotMatrix12 (origin) | cntnrRotMat12 Get only -1.0000 to 1.0000 Robot
base coord

1060 RotMatrix13 (origin) | cntnrRotMat13 Get only -1.0000 to 1.0000 Robot
base coord
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No. Data name Data ident Set/Get Data range
1061 RotMatrix21 (origin) | cntnrRotMat21 Get only -1.0000 to 1.0000 Robot
base coord
1062 RotMatrix22 (origin) | cntnrRotMat22 Get only -1.0000 to 1.0000 Robot
base coord
1063 RotMatrix23 (origin) | cntnrRotMat23 Get only -1.0000 to 1.0000 Robot
base coord
1064 RotMatrix31 (origin) | cntnrRotMat31 Get only -1.0000 to 1.0000 Robot
base coord
1065 RotMatrix32 (origin) | cntnrRotMat32 Get only -1.0000 to 1.0000 Robot
base coord
1066 RotMatrix33 (origin) | cntnrRotMat33 Get only -1.0000 to 1.0000 Robot
base coord
1067 Position X (origin) cntnrCoordCX Get only -10,000.0000 to 10,000.0000
(camera coord.) [mm] Camera coord
1068 Position Y (origin) cntnrCoordCY Get only -10,000.0000 to 10,000.0000
(camera coord.) [mm] Camera coord
1069 Position Z (origin) cntnrCoordCZ Get only -10,000.0000 to 10,000.0000
(camera coord.) [mm] Camera coord
1070 Posture RA (origin) cntnrCoordCRA Get only -180.0000 to 180.0000 [deg]
(camera coord.) Camera coord
1071 Posture RY (origin) cntnrCoordCRB Get only -180.0000 to 180.0000 [deg]
(camera coord.) Camera coord
1072 Posture RZ (origin) cntnrCoordCRC Get only -180.0000 to 180.0000 [deg]
(camera coord.) Camera coord
1073 Posture type (origin) | cntnrCoordCRType Get only 0: ZYX Euler angle, 1: ZYZ
(camera coord.) Euler angle, 2: XYZ Euler
angle
1074 RotMatrix11 (origin) | cntnrRotMatC11 Get only -1.0000 to 1.0000 Camera
(camera coord.) coord
1075 RotMatrix12 (origin) | cntnrRotMatC12 Get only -1.0000 to 1.0000 Camera
(camera coord.) coord
1076 RotMatrix13 (origin) | cntnrRotMatC13 Get only -1.0000 to 1.0000 Camera
(camera coord.) coord
1077 RotMatrix21 (origin) | cntnrRotMatC21 Get only -1.0000 to 1.0000 Camera
(camera coord.) coord
1078 RotMatrix22 (origin) | cntnrRotMatC22 Get only -1.0000 to 1.0000 Camera
(camera coord.) coord
1079 RotMatrix23 (origin) | cntnrRotMatC23 Get only -1.0000 to 1.0000 Camera
(camera coord.) coord
1080 RotMatrix31 (origin) | cntnrRotMatC31 Get only -1.0000 to 1.0000 Camera
(camera coord.) coord
1081 RotMatrix32 (origin) | cntnrRotMatC32 Get only -1.0000 to 1.0000 Camera
(camera coord.) coord
1082 RotMatrix33 (origin) | cntnrRotMatC33 Get only -1.0000 to 1.0000 Camera
(camera coord.) coord
1083 Posture RA planeCoordRAJudge | Get only -180.0000 to 180.0000 [deg]
For confirming
1084 Posture RY planeCoordRBJudge | Get only -180.0000 to 180.0000 [deg]
For confirming
1085 Posture RZ planeCoordRCJudge | Get only -180.0000 to 180.0000 [deg]

For confirming

FH Series Vision System Processing Item Function Reference Manual for 3D Robot Vision (Z445-E1) 2-81

uoiyo8le( Jauleyuo) ¢-z

(uonoela( Jaureluon) ss|qel soualaley [eulsIxy ZL-c-2



2 Inspecting and Measuring

No. Data name Data ident Set/Get Data range

5004 Register shape registShape Get only 0: Enable, 1: Disable
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2-4 Grasp Planning

This is a processing item specific to the FH series 3D robot vision system.

To enable the robot connected to the FH series Sensor Controller to grasp the object detected in the

3D Search processing item, this processing item performs the following operations.

» Determine the target workpiece that is most suitable for grasping (with a minimal risk of physical
grasping failure, such as interference with the container or other workpiece).

» Calculate the approach position and angle suitable for grasping.

+ Calculate the arm posture suitable for grasping.

Buiuueld dsein p-z

I Used in the Following Case

When selecting and setting the target workpiece for grasping, when setting the collision detection,
when calculating the pose of grasping

Example: Bulk picking of parts in a container

M Precautions for Correct Use

 This processing item references the results of the HandEye Calibration, Container
Detection, and 3D Search processing items. Confirm that the referenced processing items
are set correctly.

» Correct measurement is not possible with images that have undergone a coordinate
transformation such as Position Compensation or Polar Transformation.
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2-4-1  Settings Flow (Grasp Planning)

To set Grasp Planning, follow the steps below.

Necessary Steps Optional Steps
Stvaﬂ 4EEEEEEEEEEEEEEEEEEEE]
|
( Input Parameters (Grasp Planning) ) :
hdl m
( Coordinate settings (Grasp Planning) ) u
= :
( Pose of grasping (Grasp Planning) ) [}
- ]
( Order of grasping (Grasp Planning) ) :
h |
( Collision detection (Grasp Planning) )‘ | ( Judge cond. (Grasp Planning) ) :
N [
Settings completed ‘ | ( Output parameters (Grasp Planning) =
]
h Verify/Adjust results u
( Test measurement JissEEEEEEEEEnEEEEEEnnnnnnnnl
I List of Grasp Planning Items
Item Description
Input parameters Check the input parameters.
2-4-2 Input parameters (Grasp Planning) on page 2-84
Coordinate settings Set the coordinate system for which to output the measurement results.
2-4-3 Coordinate settings (Grasp Planning) on page 2-85
Pose of grasping Set the pose of grasping.
2-4-4 Pose of grasping (Grasp Planning) on page 2-88
Order of grasping Determine the order of the graspable candidates.
2-4-5 Order of grasping (Grasp Planning) on page 2-90
Collision detection Perform a collision detection.
2-4-6 Collision detection (Grasp Planning) on page 2-103
Judge cond. Set the judgment conditions for the measurement results.
2-4-7 Judge cond. (Grasp Planning) on page 2-108
Output parameters Select how to handle the coordinates to be output to the external device as meas-
urement results. This item can be changed as necessary. Normally, the factory de-
fault value will be used.2-4-8 Output Parameters (Grasp Planning) on page 2-114

2-4-2  Input parameters (Grasp Planning)

Check the input parameters.

1 In the Item tab area, click the Input parameter tab.
In the Workpiece detection unit settings area, confirm that the 3D Search processing item to
reference is set.
If not set, review the flow and set it.
In the image area, confirm that the measurement result of the 3D Search is displayed.
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3.Grasp Planning

I Input parameters I Coordinate settings | Pose of grasping | Order of grasping | Collision detection Judge cond. Qutput parameters

Workpiece detection unit settings
I Unit ref number : [2.3D search
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2-4-3  Coordinate settings (Grasp Planning)

Set the coordinate system for which to output the measurement results.

1 In the Item tab area, click the Coordinate settings tab.
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3.Grasp Planning

Input parameters ICoordinate settings | Pose of grasping Order of grasping | Collision detection Judge cond. Output parameters

Output coordinate settings ———————————————— =
Coordinate kind : |R0bul coordinate j ]

Hand-Eve data unit settings

Scene ref number : | current scene -
Unitref number : {10.B0xtype container =l
Robot type : 6-axis(XYZWPR) robot
Robot posture : ZYX Euler angle
Cameramount : On hand camera

Robot mount : Floor mount

Flange coord. seen from Robot hase coord

Position X [mm]: 2084306 |SYRBVAR_CUR_I - |
PosiionY[mm]: 5739842 |SYRBVAR_CUR_I -|
PosiionZ[mm]: 3583550 |SYRBVAR CUR_I-|
PostureRX[deg]:  -1743759 [SYRBVAR_CUR_| - |
Posture RY [deg]: 13117 [svrRBvAR_cur_I - |
PostreRZ[deg]: 902261  |SYRBVAR_CURI - |

Posture type : ZYX

49,383 Display settings
{ Image kind : Input-Measure image 0~

2 Set the Coordinate kind in the Output coordinate settings area. Select Robot coordinate.

3 In the Hand-Eye data unit settings area, select the HandEye Calibration processing item to
reference.
Information on the selected processing unit is displayed in the Hand-Eye data unit settings
area. The displayed information depends on the settings for the referenced HandEye
Calibration.
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Output coordinate settings
Coordinate kind : |Robol coordinate j

Hand-Eye data unit settings

»
Scene ref number : |cunent scene j =
@
Unitref number : [10.80x type container ~| g
Robot type : 6-axis(XYZWPR) robot E
S
3,
Robot posture : ZYX Euler angle ‘g
Cameramount : On hand camera
Robot mount : Floor mount

Flange coord. seen from Robot base coord

Posiion X[mm): 2084306 |SYRBVAR_CURI -|
PosifionY[mm]:  -5738842 [SYRBVAR_CUR_I - |
PosiionZ[mm]: 3583550 |SYRBVAR CUR I - |
Posture RX [deg]: 1743750 [SYRBVAR_CUR_I - |
Posture RY [deg]: 13117 [SvRBVAR_CUR I - |
PostureRZ[degl: 902261  [SYRBVAR_CURI - |

Posture type : ZYX

(Buluue|d dseln) sbumas ajeuIploo) ¢-y-g

Setting item Setting value Description

[Factory default]

Scene ref number | -1to 127 Sets the scene number in which the HandEye Calibration is
[-1: current scene] | registered.

Unit ref number - Sets the processing unit number for the HandEye

Calibration.

Robot type - The setting of the referenced HandEye Calibration process-

Robot posture - ing item is displayed.

Camera mount -

Robot mount -

m Precautions for Correct Use

If the coordinate settings are not completed, you cannot set the items in tabs that follow this tab.
« If the warning message Hand-Eye data is not set. is displayed, review the reference settings
in the Hand-Eye data unit settings area.

4 If Camera mount is set to On hand camera, set the items in the Robot flange coord. seen
from robot base coord area.
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Setting value

Setting item [Factory default] Description
Position X [mm] -10,000.0000 to Set the position/posture of the flange in the robot base coor-
10,000.0000 dinate system when the input image was captured.
[0.0000] If you set Posture type to ZYZ Euler angle, RX is replaced
Position Y [mm] -10,000.0000 to with RZ.
10,000.0000
[0.0000]
Position Z [mm] -10,000.0000 to
10,000.0000
[0.0000]
Posture RX [deg]/ | -180.0000 to
Posture RZ [deqg] 180.0000 [0.0000]
Posture RY [deg] -180.0000 to
180.0000 [0.0000]
Posture RZ [deg] -180.0000 to

180.0000 [0.0000]

Posture type

The setting of the referenced HandEye Calibration process-
ing item is displayed.

M Precautions for Correct Use

If the coordinate settings are not completed, you cannot set the items in tabs that follow this tab.
« If the warning message Flange coord. is invalid. is displayed, review the set values.

If the evaluation values are all 0 or out of the setting range in the expression for position or
posture, a warning message is displayed.

« If there is no calibration result data because hand-eye calibration has not been performed,

the warning message Hand-Eye data is not set. is displayed.

In the Display settings area, you can change the image to display.

Setting value

Setting item [Factory default] Description
Image kind * [Input - Measure | Select the image to display in the Image display area.

image 0] * Input - Measure image 0: The input image is displayed. If

* Camera - Depth there are no processing items such as filters, Measure-
image ment image 0 from the Camera Image Input AOS proc-

* Camera - Cap- essing item is displayed.
tured (2D) e Camera - Depth image: The distance image from the

e Camera - Cap- Camera Image Input AOS processing item is displayed.
tured (3D) e Camera - Captured (2D): The raw image (2D) from the

Camera Image Input AOS processing item is displayed. If
the 2D imaging settings are not enabled, the displayed im-
age is completely black.

* Camera - Captured (3D): The raw image (3D) from the
Camera Image Input AOS processing item is displayed. If
the 3D imaging settings are not enabled, the displayed im-
age is completely black.

2-4-4  Pose of grasping (Grasp Planning)

Set the pose of grasping.

2-88
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1 In the Item tab area, click the Pose of grasping tab.

3.Grasp Planning

Input parameters | Coordinate settings [ Pose of grasping | Order of grasping | Collision detection Judge cond. Output parameters

Grasp DB settinas

Scene ref number : |currenl scene

Unit ref number : |4.3D Data Manager

Ll Ll L

Reference data : [0.0000_craspoe
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OK Cancel

2 In the Grasp DB settings area, select the grasp pose data (grasp DB data) of the 3D Data
Manager processing item to reference.

Setting value
[Factory default]
Scene ref number | -1to 127 Select the scene number of the scene that includes the 3D
[-1: current scene] | Data Manager processing item holding the grasp pose data
(grasp DB data).

Setting item Description

Unit ref number - From among the referenced scene numbers, select the 3D
Data Manager processing item to reference.

Reference data - Select the grasp pose data (grasp DB data) of the referenced
3D Data Manager processing item.

You can select only the grasp pose data (grasp DB data) cre-
ated from the CAD data registered in the 3D Search proc-
essing item.

3 If necessary, you can click Edit to edit the grasp pose data (grasp DB data) set in Reference
data.
The grasp registration tool GraspTeachGUI opens. Refer to 4-2-3 Grasp DB (3D Data Manag-
er) on page 4-22 in the 3D Data Manager processing item for the grasp registration tool
GraspTeachGUI.
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GraspTeachGUI

SetView HandDisplay HandStyle Display

TwoFinger Vacuum
Grasp point
<- Prev Next -> Delete

[] shrink bellows

Hand transformation
TransX = | RotX |- ||+
TransY - ||+ Roty |- ||+
TransZ = |l RotZz |- |+
Moderate (1.0%/1.0deg) ~
Upside down Flip
Reset
Edit grasp
Pattern
Single Circle
Start angle - || *
Stop angle - ||+
Num angle -+
Moderate (1.0deg) ~
Copy current grasp
Guide Plane ~
Priority High Low
Save Exit

2-4-5  Order of grasping (Grasp Planning)

Determine the order of the graspable candidates.

I Determine the Order of the Graspable Candidates

1 In the Item tab area, click the Order of grasping tab.
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3.Grasp Planning

Input parameters | Coordinate settings

Pose of grasping I Order of grasping Collision detection Judge cond. Output parameters

Prioritization about the work. detection results =y
Surface correlation : 0.0000 ()

Prefferred level : 60| ] < I > I
Rejection level : 30\_]

Contour correlation : 0.0000 ()

Prefferred level : 60| || < I > I
Rejection level : |—3mj < I > I

Tilt of hand [deg] : 0.0000 ()

Prefferred level : a0.0000] _ |
Rejection level : [ sooomo]_|

Rotation of hand [deg] : 0.0000 (=)

Prefferred level : 90.0000 | l = I = I
Rejection level : 120.0000 L‘

Depth of the work pos. [mm] : 0.0000 ()

Prefferred level : 100.0000] || < I > I
Rejection level : 1000.0000 | - | | < I > I

Buiuueld dsein p-z

Resultindex focused : I 0 H ] >
Detected work index focused : I OJ I

lm‘_] Display setlings
Image kind : Input - Measure image 0~

@ Drawing type : Fingertip and dir. hd

|- Grasp pose index focused : I 0|~ | ‘ ] »
Measure Advanced I Draw candidate work. :
| Draw with 3D
¥ Draw rejected work.
¥ Draw grasping pose

v
oK | Cancel W Draw rejected reason

2 In the Prioritization about the work. detection results area, set the priority to determine the
order of the graspable candidates.
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Setting value

Setting item [Factory default] Description
Surface correlation | - The measurement values are displayed with the priority (rank
Preferred lev- | 0 to 100 A: A, rank B: B, rejection: -) shown in parentheses.
el [60] Rank A: Surface correlation = Preferred level
Rejection lev- | 0 to 100 Rank B: Preferred level > Surface correlation > Rejection lev-
el [30] o o
Rejection: Surface correlation < Rejection level
Contour correla- - The measurement values are displayed with the priority (rank
tion A: A, rank B: B, rejection: -) shown in parentheses.
Preferred lev- | 0 to 100 Rank A: Contour correlation = Preferred level
el [60] Rank B: Preferred level > Contour correlation > Rejection
level

Rejection lev- | 0 to 100 o ) o
Rejection: Contour correlation < Rejection level

el [30]
Tilt of hand [deg] - This is the tilt angle of the hand during grasping.
Preferred lev- | 0.0000 to The measurement values are displayed with the priority (rank
el 180.0000 A: A, rank B: B, rejection: -) shown in parentheses.
[40.0000] Rank A: Tilt of hand < Preferred level

Rank B: Preferred level < Tilt of the hand < Rejection level

Rejection lev- | 0.0000 to o i o
Rejection: Tilt of hand = Rejection Level

el 180.0000
[90.0000]
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2-92

Setting value

Setting item [Factory default] Description
Rotation of hand - This is the amount of rotation of the flange during grasping.
[deg] The measurement values are displayed with the priority (rank
Preferred lev- | 0.0000 to A: A, rank B: B, rejection: -) shown in parentheses.
el 180.0000 Rank A: Rotation of hand < Preferred level
[90.0000] Rank B: Preferred level < Rotation of hand < Rejection level
Rejection lev- | 0.0000 to Rejection: Rotation of hand = Rejection level
el 180.0000
[120.0000]
Depth of the work | - This is the relative depth at the center of gravity of each
pos. [mm] workpiece.
Preferred lev- | 0.0000 to The measurement values are displayed with the priority (rank
el 10,000.0000 A: A, rank B: B, rejection: -) shown in parentheses.
[100.0000] Rank A: Depth of the work pos. < Preferred level
Rejection lev- | 0.0000 to Rank B: Preferred level < Depth of the work pos. < Rejection
el 10,000.0000 level

[1,000.0000]

Rejection: Depth of work pos. = Rejection level
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2 Inspecting and Measuring

@ Additional Information
 Tilt of hand

When the floor is set When the floor is not set

Tilt of hand

Tilt of hand

1
Normal direction of floor /—\)

Direction of flange

Image capture position

Direction of flange

Buiuueld dsein p-z

Position of graspable candidate

Position of graspable candidate Optical axis direction of camera
when image is captured

If the tilt of the hand is too large, there is a risk of a collision with the surrounding environment
(such as equipment partitions) that are not the target of collision detection. In this case, set
Rejection level under Tilt of hand to limit the detection range.

» Rotation of hand
The Rotation of hand is calculated as the angle between the Ref. vector for hand rot
(robot base coord) and the Ref. vector for hand rot (flange coord).

When the X-axis positive direction is set in the Ref. vector for hand rot (robot base coord) and the
X-axis negative direction is set in the Ref. vector for hand rot (flange coord).

XY plan view (robot base coord)

(Buluue|d dsels) Buidselb Jo JoplQ G-4-2

X axis

Ref. vector for hand rot
(robot base coord)

Rotation of hand

Ref. vector for hand rot
(flange coord)

If the rotation amount of the hand is too large, there is a risk of wire breakage due to tangling
of wire outside the machine. In this case, set Rejection level under Rotation of hand to limit

the detection range.
Setting Ref. vector for hand rot (flange coord) to the direction in which the main work area
(container) is located helps to limit the rotation range of the hand.

* Depth of the work pos.

When the floor is set When the floor is not set

Depth of the work pos. o
The work at the nearest position / \ The work at the nearest position b/

among the detected works among the detected works

eee'e%” ~~

/™ / Depth of the work pos.
Normal direction of floor Target work

Target work
Optical axis direction of camera

when image is captured

If the depth of the work position is too large, there is a risk that the robot hand will collide with
other workpiece during picking operation. In this case, set Rejection level under Depth of
the work pos. to limit the detection range.

FH Series Vision System Processing Item Function Reference Manual for 3D Robot Vision (Z445-E1) 2-93



2 Inspecting and Measuring

3 Click Advanced to further set the following items.
Click Return to return to the previous menu.

Prioritization about the work. detection results -
Treatment about a same priority one :

|Prior‘|‘fize shallower pos. one j

Ref. vector for hand rot(robot base coord) :

[Custom ~|

Vector X : [ 1.0000J‘ < I
Vector Y : | 00000 - || < I =
Vector Z : I 0.0000| - || = I >

Ref. vector for hand rot(f | ange coord):

Angle from X-axis positive ~|

oo [<]]

Angle RZ [deq] :

o[ ]-]

L]
]

Return ‘

Resultindex focused :

Detected work index focused :

|- Grasp pose index focused :

Measure

Setting value

Setting it
etting ttem [Factory default]

Description

Treatment about a
same priority one

Set the priority used when there are more than one candi-
date with the same grasp priority (overall rank).

* [Prioritize shal-
lower pos. one]
* Prioritize higher
correlation one

Ref. vector for
hand rot (robot
base coord)

» X-axis positive
direction

* X-axis negative
direction

* Y-axis positive
direction

* Y-axis negative
direction

* [Angle from X-
axis positive]

Set the reference vector in the robot base coordinate system
when measuring the Tilt of hand.

e Custom
Angle RZ -180.0000 to Set this item only when Ref. vector for hand rot (robot
[deq] 180.0000 base coord) is set to Angle from X-axis positive.
Set the angle to set the reference vector.
Vector X -1.0000 to 1.0000 | Set this item only when Ref. vector for hand rot (robot
Vector Y -1.0000 to 1.0000 | base coord) is set to Custom.
Vector Z -1.0000 to 1.0000 | Set the reference vectors X, Y, and Z.
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Setting value
[Factory default]
Ref. vector for » X-axis positive | Set the reference vector in the flange coordinate system
hand rot (flange direction when measuring the Tilt of hand.
coord) » X-axis negative
direction

* Y-axis positive
direction

* Y-axis negative
direction

* Angle from X-
axis positive

e Custom

* [Y-axis negative
direction (cam-
era coord)]

* Current posture

Setting item Description

Buiuueld dsein p-z

Angle RZ -180.0000 to Set this item only when Ref. vector for hand rot (flange
[deg] 180.0000 coord) is set to Angle from X-axis positive.

Set the angle to set the reference vector.

Vector X -1.0000 to 1.0000 | Set this item only when Ref. vector for hand rot (flange

Vector Y -1.0000 to 1.0000 | coord) is set to Custom.
Vector Z -1.0000 to 1.0000 | Set the reference vectors X, Y, and Z.

(Buluue|d dsels) Buidselb Jo JoplQ G-4-2
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@ Additional Information

Setting Ref. vector for hand rot (flange coord) to the direction in which the main work area
(container) is located helps to limit the rotation range of the hand.

Basically, you can leave the Ref. vector for hand rot (flange coord) setting as Y-axis negative
direction (camera coord), which is the mounting direction of the 3D vision sensor.

For Ref. vector for hand rot (robot base coord), set a vector with the same direction as Ref.

vector for hand rot (flange coord).

Ref. vector for hand rot (robot base coord)

XY plan view (robot base coord) XZ plan view (robot base coord)
Y axis Z axis
Ref. vector for hand rot 1
|:| X axis D
Ref. vector for hand rot X axis

* When set to X-axis positive direction

Y axis

X axis

L

Ref. vector for hand rot

* When set to X-axis negative direction

;Y axis

X axis

Ref. vector for hand rot
* When set to Y-axis positive direction

Ref. vector for hand rot A
Y axis

* When set to Y-axis negative direction

y Y axis

Ref. vector for hand rot

* When set to Angle from X-axis positive

2-96 FH Series Vision System Processing Item Function Reference Manual for 3D Robot Vision (Z445-E1)



2 Inspecting and Measuring

Y axis

Ref. vector for hand rot

* When set to Custom

Buiuueld dsein p-z

Y axis

Ref. vector for hand rot
(vector X, vector Y, vector Z)

Ref. vector for hand rot (flange coord)

XY plan view (robot base coord) XZ plan view (robot base coord)

Ref. vector for hand rot

X axis l D
Y axis i
Ref. vector for hand rot X axis

Z axis

(Buluue|d dsels) Buidselb Jo JoplQ G-4-2

* When set to X-axis positive direction

Ref. vector for hand rot

* When set to Y-axis positive direction
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Ref. vector for hand rot’

* When set to Y-axis negative direction

Ref. vector for hand rot

Ref. vector for hand rot

Ref. vector for hand rot
(vector X, vector Y, vector Z)

* When set to Y-axis negative direction (camera coord)

X axis

Camera coord

X axis Y axis

Ref. vector for hand rot
* When set to Current posture

X axis

‘Y axis
Vector in the same direction as ref. vector for hand rot (robot base coord)
\ X axis

Ref. vector for hand rot (robot base coord)

4 Click Measure.
A test measurement is performed according to the set values.
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Setting item

Setting value
[Factory default]

Description

Result index fo-
cused

0to 1,023
[0]

Switch the displayed graspable candidate.

Detected work in-
dex focused

0 to Detected
workpiece count

Set this item only when Draw rejected reason is checked.
Switch the detected workpieces for which to display the re-

jection reason.

Grasp pose index
focused

0 to Registered
grasp pose count

Set this item only when Draw rejected reason is checked.

Switch the target pose of grasping to display the rejection
reason.

It corresponds to the grasp pose data (grasp DB data) of the
3D Data Manager processing item referenced in the Pose of

grasping tab.

I Checking Measurement Results in the Image (Display Settings)

You can change the display settings to check the processing conditions for measurements on the im-

age.

1 Set the value in the Display settings area.

»-

Display settings

Image kind : |Input— Measure image 0 j

Drawing type : IF—‘ingertip and dir. j

[¥ Draw candidate work. ‘ _ '
Draw with 3D

¥ Draw rejected work.

¥ Draw grasping pose

[V Draw rejected reason

FH Series Vision System Processing Item Function Reference Manual for 3D Robot Vision (Z445-E1)
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2-100

Setting value

Setting item [Factory default] Description
Image kind * [Input - Measure | Select the image to display in the Image display area.
image 0] * Input - Measure image 0: The input image is displayed. If
* Camera - Depth there are no processing items such as filters, Measure-
image ment image 0 from the Camera Image Input AOS proc-
* Camera - Cap- essing item is displayed.
tured (2D) * Camera - Depth image: The distance image from the
* Camera - Cap- Camera Image Input AOS processing item is displayed.
tured (3D) e Camera - Captured (2D): The raw image (2D) from the
Camera Image Input AOS processing item is displayed. If
the 2D imaging settings are not enabled, the displayed im-
age is completely black.
* Camera - Captured (3D): The raw image (3D) from the
Camera Image Input AOS processing item is displayed. If
the 3D imaging settings are not enabled, the displayed im-
age is completely black.
Drawing type * Fingertip * Fingertip: The wire frame of the parts corresponding to the

* [Fingertip and
dir.]

* Finger wire
frame

* Overall wire
frame

Left tip finger, Right tip finger and, Pad set in the hand da-
ta is displayed.

* Fingertip and dir.: The wire frame of the parts correspond-
ing to the Left tip finger, Right tip finger and, Pad set in the
hand data is displayed. A straight line that indicates the
approach direction for grasping is displayed.

* Finger wire frame: The wire frame of the parts correspond-
ing to the Left finger, Left tip finger, Right finger, Right tip
finger, Pad, and Bellows set in the hand data is displayed.

e Overall wire frame: The wire frame of all parts in the hand
data is displayed.

For the hand data, refer to 4-2-2 Hand Data (3D Data Man-

ager) on page 4-6.

Draw candidate
work.

* [Checked]
* Unchecked

Check this to display the contour of the next candidate work-
piece. It is displayed in the color corresponding to the judg-
ment result of the 3D Search. (If both thresholds are exceed-
ed, it will be displayed in green. If either threshold is exceed-
ed, it will be displayed in red.)

The Detected work index focused (W) and Grasp pose index
focused (G) are displayed in green text.

Draw rejected
work.

* [Checked]
* Unchecked

Check this to display the contour of the rejected graspable
candidate workpieces in purple.

Draw grasping
pose

* [Checked]
* Unchecked

Check this to display the graspable candidate hand in white.

FH Series Vision System Processing Item Function Reference Manual for 3D Robot Vision (Z445-E1)



2 Inspecting and Measuring

Setting value

Descripti
[Factory default] escription

Setting item

Draw rejected rea- | » [Checked] Check this to display the rejection reason for the graspable
son * Unchecked candidate. The rejection reason is displayed in green text for
the graspable candidate and in red text for rejected graspa-
ble candidates.
The display items for the rejection reason are as follows.
* Bad correlation or depth of workpiece
The candidate was rejected due to a problem with the 3D
Search correlation values or the workpiece depth.
* Bad tilt of hand
The candidate was rejected due to a problem with the tilt
of the hand during grasping.
* Bad rotation of hand
The candidate was rejected due to a problem with the ro-
tation amount of the hand during grasping.
* Not the best one
The candidate was rejected because it is not the best can-
didate among the automatically registered poses of grasp-
ing during registration in a circular pattern.
* Collision with the floor
The candidate was rejected due to a collision between the
floor and the hand during grasping.
* Collision with the container
The candidate was rejected due to a collision between the
container and the hand during grasping.
* Collision with the point cloud
The candidate was rejected due to a collision between a
measurement point cloud and the hand during grasping.
* Collision with the workpiece
The candidate was rejected due to a collision between the
recognized workpiece and the hand during grasping.
* Early termination
The candidate was rejected because it is not a search tar-
get that meets the early termination conditions for search.
* No problem
Graspable

Draw with 3D - Click this to start the 3D result display tool FZ-3DVisualizer.
Use the 3D result display tool FZ-3DVisualizer to display the
results in 3D.

Checking 3D Measurement Results (FZ-3DVisualizer) on
page 2-101

2 Check the status of the measurement processing on the image, and set the order of grasping.

@ Checking 3D Measurement Results (FZ-3DVisualizer)

FZ-3DVisualizer is a result display tool that draws 3D point clouds, recognized workpieces, recog-
nized pose of grasping, etc. in 3D space. Use this tool to check the detection results for the 3D
Search and Grasp Planning processing items to see if objects are detected in appropriate posi-
tions in 3D space.

FH Series Vision System Processing Item Function Reference Manual for 3D Robot Vision (Z445-E1) 2-101
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FZ-3DVisualizer

[ Display Camera Coordinate Axis

[] Display Point Cloud
Point Size <>
[/ Display 3D Recognizing Object

() Wireframe Display

® Polygon Display

Center of Display
(® COG of Point Cloud

(O Camera Origin
Reset Display

End

3D objects are displayed in the image display area.

Operation Description
Left-click + Drag You can move the viewpoint by rotating the image around the display
center of the image display area.
Mouse wheel scroll You can zoom in and out the image around the display center of the im-
age display area.
Middle click + Drag You can move the display center of the image display area.
or

Shift key + Left-click + Drag

Item Description
Display Camera Coordi- | Show or hide the camera coordinate axes.
nate Axis
Display Point Cloud Show or hide the point cloud data.
Point Size Change the size of the displayed point cloud. The point cloud size range is 1 to
5.
Display 3D Recognizing | Show or hide the workpiece recognized in the 3D Search processing item.
Object

Wireframe Display | Set the workpiece display format to wireframe display.

Polygon Display Set the workpiece display format to polygon display.

Display Container Show or hide the container detected in the Container Detection processing
item.
It cannot be set in the 3D Search processing item.

Wireframe Display | Set the workpiece display format to wireframe display.

Polygon Display Set the workpiece display format to polygon display.
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Item Description
Display Hand Show or hide the pose of grasping calculated in the Grasp Planning processing
item.
It cannot be set in the 3D Search processing item. o
All All candidates are displayed at the same time. '3
Selected One of the candidates for the specified measurement result number is displayed. §
Center of Display Switch the display center of the image display area between the center of gravity ?_u
COG of Point of the point cloud (center of gravity XYZ of the point cloud data) and the camera §
Cloud origin. 2
Camera Origin
Reset Display Reset the display position of the image display area to the initial position.
End Close the FZ-3DVisualizer tool.

2-4-6  Collision detection (Grasp Planning)

Perform a collision detection.

» Determine whether the hand collides with the surrounding environment with a known shape and
placement.
Collision between the hand model and the 3D container model and the floor

(Buiuue|d dsein) uonosiep UoIsH|0D 9-7-2

» Determine whether the hand collides with measured objects (point clouds).
Collision between the hand model and measured 3D point clouds

* Determine whether the hand collides with the detected workpiece.
Collision between the hand model and the workpiece (CAD model superimposed on the detection

position)

FH Series Vision System Processing Item Function Reference Manual for 3D Robot Vision (Z445-E1) 2-103



2 Inspecting and Measuring

I Performing Collision Detection

1 In the Item tab area, click the Collision detection tab.

3.Grasp Planning

Input parameters | Coordinate seftings | Pose of grasping

Order of grasping I Collision detection Judge cond. Output parameters

Col lision with hand
Margin [mm] - 0.0000 J;]

Collision with the surrounding environment

Target object : |Nnne j
Scene ref number:  |current scene -]
Unit ref number : I1.C0mainerDetectior| J
Margin [mm] : 0.0000 I ]

Collision with point cloud

Outlier Height [mm] : 150.00 :Ij
[<]-]

Tolerance [point] :

Collision point count : 0
Col lision status

Collision : No collision ]
Resultindex focused : ol =]

Detected work index focused : [ D\_.” I I
|- Grasp pose index focused : [ o] E’:‘

Measure |

(Display settings

Image kind : Input - Measure image 0~
Drawing type : Fingertip and dir. v

¥ Draw candidate work. m
¥ Draw rejected work.
¥ Draw grasping pose

oK | Cancel ¥ Draw rejected reason

2 In the Collision with hand area, set the margin for collision detection.

L. Setting value ..
Setting item [Factory default] Description
Margin [mm] 0.0000 to Set the margin for detecting a collision with the hand.
10,000.0000 This margin is applied to the hand model during collision de-
[0.0000] tection.
If the set margin is too large, grasp candidates may not be
detected.
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In the Collision with the surrounding environment area, set the surrounding environment
with which to detect collisions.

Setting value

Setting item [Factory default] Description

Target object * [None] * None: No collisions with the surrounding environment are
* Floor detected.
* Container * Floor: Collisions with the floor are detected.
* Container + * Container: Collisions with the container are detected.

Floor e Container + Floor: Collisions with the container and floor
are detected.
Scene ref number | -1to 127 Set the scene number in which the Container Detection is

[-1: current scene]

registered.

Unit ref number

Set the processing unit number for the Container Detection.

Margin [mm]

0.0000 to
10,000.0000
[0.0000]

Set the margin for detecting a collision with the surrounding
environment (floor and container).

This margin is applied to the surrounding environment (floor
and container) during collision detection to judge whether
there are collisions.

If the set margin is too large, grasp candidates may not be
detected.

In the Collision with point cloud area, set the collision points for collision detection.

Setting value

Setting item [Factory default] Description
Outlier Height 10.0000 to Set the threshold for regarding point clouds at the specified
[mm] 10,000.0000 height or above from the floor as outliers.
[150.0000] Ouitlier point clouds are not used for collision detection.
Tolerance [point] 0 to 1,000 Set the number of point clouds for which collisions with the
[20] hand are allowed.

Note that this setting is intended to absorb noise in measure-
ment point clouds. If the set tolerance value is too large, colli-
sion detection may not work properly for point clouds.

Collision point
count

The number of collision points with the hand and point clouds
is displayed for the graspable candidate specified in Result
index focused.

5 Click Measure.

A test measurement is performed according to the set values.
The result of the collision detection is displayed in the Collision status area.

Setting value

Setting item [Factory default] Description
Collision - The collision status of the candidate specified in Detected
work index focused and Result index focused is dis-
played.
Setting item [F:?::::fc‘i’:fl::l 4 Description
Result index fo- 0to 1,023 Switch the displayed graspable candidate.

cused

[0]
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Setting value

Setting item [Factory default] Description
Detected work in- | O to Detected Switch the detected workpiece for which to display the colli-
dex focused workpiece count sion status.
Grasp pose index | 0 to Registered Switch the pose of grasping of the target for which to display
focused grasp pose count | the collision status.

It corresponds to the grasp pose data (grasp DB data) of the
3D Data Manager processing item referenced in the Pose of
grasping tab.

I Checking Measurement Results in the Image (Display Settings)

You can change the display settings to check the processing conditions for measurements on the im-

age.

1 Set the value in the Display settings area.

e
i

| 49383 _] Display settings

‘ glﬁl }2, Image kind : |Inpul— Measure image 0 LI

@ Drawing type : IFingerlip and dir. LI
™ Draw candidate work. ' )

Draw with 3D
¥ Draw rejected work.
¥ Draw grasping pose
¥ Draw rejected reason
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Setting value

Setting item [Factory default] Description

Image kind * [Input - Measure | Select the image to display in the Image display area.
image 0] * Input - Measure image 0: The input image is displayed. If
Camera - Depth there are no processing items such as filters, Measure-
image ment image 0 from the Camera Image Input AOS proc-
Camera - Cap- essing item is displayed.
tured (2D) e Camera - Depth image: The distance image from the
Camera - Cap- Camera Image Input AOS processing item is displayed.
tured (3D) * Camera - Captured (2D): The raw image (2D) from the

Camera Image Input AOS processing item is displayed. If
the 2D imaging settings are not enabled, the displayed im-
age is completely black.

* Camera - Captured (3D): The raw image (3D) from the
Camera Image Input AOS processing item is displayed. If
the 3D imaging settings are not enabled, the displayed im-
age is completely black.

Drawing type Fingertip * Fingertip: The wire frame of the parts corresponding to the
[Fingertip and Left tip finger, Right tip finger and, Pad set in the hand da-
dir.] ta is displayed.

Finger wire * Fingertip and dir.: The wire frame of the parts correspond-
frame ing to the Letft tip finger, Right tip finger and, Pad set in the
Overall wire hand data is displayed. A straight line that indicates the
frame approach direction for grasping is displayed.

* Finger wire frame: The wire frame of the parts correspond-
ing to the Left finger, Left tip finger, Right finger, Right tip
finger, Pad, and Bellows set in the hand data is displayed.

* Overall wire frame: The wire frame of all parts in the hand
data is displayed.

For the hand data, refer to 4-2-2 Hand Data (3D Data Man-

ager) on page 4-6.

Draw candidate [Checked] Check this to display the contour of the next candidate work-

work. Unchecked piece. It is displayed in the color corresponding to the judg-

ment result of the 3D Search. (If both thresholds are exceed-
ed, it will be displayed in green. If either threshold is exceed-
ed, it will be displayed in red.)

The Detected work index focused (W) and Grasp pose index

focused (G) are displayed in green text.

Draw rejected [Checked] Check this to display the contour of the rejected graspable

work. Unchecked candidate workpieces in purple.

Draw grasping [Checked] Check this to display the graspable candidate hand in white.

pose Unchecked
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Setting value

Setting it
etting ftem [Factory default]

Description

Draw rejected rea- |  [Checked] Check this to display the rejection reason for the graspable
son * Unchecked candidate. The rejection reason is displayed in green text for
the graspable candidate and in red text for rejected graspa-
ble candidates.
The display items for the rejection reason are as follows.
* Bad correlation or depth of workpiece
The candidate was rejected due to a problem with the 3D
Search correlation values or the workpiece depth.
* Bad tilt of hand
The candidate was rejected due to a problem with the tilt
of the hand during grasping.
* Bad rotation of hand
The candidate was rejected due to a problem with the ro-
tation amount of the hand during grasping.
* Not the best one
The candidate was rejected because it is not the best can-
didate among the automatically registered poses of grasp-
ing during registration in a circular pattern.
* Collision with the floor
The candidate was rejected due to a collision between the
floor and the hand during grasping.
* Collision with the container
The candidate was rejected due to a collision between the
container and the hand during grasping.
¢ Collision with the point cloud
The candidate was rejected due to a collision between a
measurement point cloud and the hand during grasping.
* Collision with the workpiece
The candidate was rejected due to a collision between the
recognized workpiece and the hand during grasping.
¢ Early termination
The candidate was rejected because it is not a search tar-
get that meets the early termination conditions for search.
* No problem
Graspable
Draw with 3D - Click this to start the 3D result display tool FZ-3DVisualizer.
Use the 3D result display tool FZ-3DVisualizer to display the
results in 3D.
Checking 3D Measurement Results (FZ-3DVisualizer) on
page 2-101

2 Check the status of the measurement processing on the image, and set the order of grasping.

2-4-7  Judge cond. (Grasp Planning)

Set the judgment conditions for the measurement results.

Set the upper and lower values to judge the measurement result. When the measurement result value
is within the upper and lower values, Judgment is OK (pass). When the measurement result value ex-
ceeds either the upper or lower value Judgment is NG (failure). Although the judgment result for the
processing Unit is OK when the judgment for all measurements is OK, it will be NG if any measure-
ment result is NG.
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2 Inspecting and Measuring

In the Item tab area, click Judge cond..

3.Grasp Planning

Input parameters

Coordinate settings

Pose of grasping

Order of grasping Collision detection I Judge cond. QOutput parameters

rJudgement condition

Graspable candidate count : 0

| o |- 1024 - |
Grasping grade - 12 (F)

[ o) L]
Collision point count : 0

| | —
Surface correlation : 0.0000

| 60.0000| - |- 100.0000] . |
Contour correlation : 0.0000

| 60.0000 - |- 100.0000] .|
Tilt of hand [deg] : 0.0000

| 0.0000[ |- 40,0000 - |
Rotation of hand [deqg] : 0.0000

| 0.0000[ - |- 90.0000] - |
Depth of the work pos. [mm] : 0.0000

| 0.0000[ - |-[ " 1o00.0000] - |

Resultindex focused : [ o]

:’Amancad

OK | Cancel

Display settings

Image kind : Input- Measure image 0~
Drawing type : Fingertip and dir. -

W Draw candidate work.
¥ Draw rejected work.
W Draw grasping pose

Draw with 3D

¥ Draw rejected reason

2 Set the value in the Judgement condition area.
The values of the graspable candidate set in the Result index focused are displayed. The val-

ues of NG items are displayed in red.

L. Setting value ..
Setting item [Factory default] Description
Graspable candi- | 0to 1,024 Set the upper and lower limits of the graspable candidate
date count [0] to [1,024] count to judge as OK.
Grasping grade 0to 12 Set the upper and lower limits of the grasping grade to judge
[0] to [9] as OK.
The grasping grade is an overall index for the priority of the
graspable candidate specified in Result index focused.
The smaller the number (closer to A), the higher the grasping
grade.
0: A, 1: B1, 2: B2, 3: B3, 4: B4, 5: B5, 6: C1, 7: C2, 8: C3, 9:
C4,10: C5, 11: C6,12: F
Collision point 0 to 10,000 Set the upper and lower limits of the collision point count to
count [0] to [10] judge as OK.
Surface correlation | 0.0000 to Set the upper and lower limits of the surface correlation value
100.0000 to judge as OK.
[60.0000] to
[100.0000]
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2 Inspecting and Measuring

2-110

Setting value

Setting item [Factory default] Description
Contour correla- 0.0000 to Set the upper and lower limits of the contour correlation val-
tion 100.0000 ue to judge as OK.
[60.0000] to
[100.0000]
Tilt of hand [deg] 0.0000 to Set the upper and lower limits of the tilt angle of the hand to
180.0000 judge as OK.
[0.0000] to
[40.0000]
Rotation of hand 0.0000 to Set the upper and lower limits of the amount of rotation of the
[deg] 180.0000 hand to judge as OK.
[0.0000] to
[90.0000]
Depth of the work | 0.0000 to Set the upper and lower limits of the depth of the workpiece
pos. [mm] 10,000.0000 position to judge as OK.
[0.0000] to

[1,000.0000]

3 Click Advanced. Set the value in the Judgement condition area.
Click Return to return to the previous menu.

3.Grasp Planning

Input parameters | Coordinate settings | Pose of grasping | Order of grasping | Collision detection [ Judge cond. Output parameters
Judgement condition
Pick position X [mm] 0.0000
Pick position ¥ [mm)] : 0.0000
Pick position Z [mm] : 0.0000
Pick posture RX [deg] : 0.0000
[ -teo0000] . |-[ " 180.0000] - |
Pick posture RY [deg] : 0.0000
[ -1s0.0000] |- 180.0000 | - |
Pick posture RZ [deg] : 0.0000
[ -te00000] . |-[ " 1s00000] - |
Posture type :
|ZYXeuIerangIe(‘) j
49.383 | - (Display settings
Result index focused : I D|_‘ Image kind : Input - Measure image 0 -

:’Re'urn
OK | Cancel

Fingertip and dir. -

El Drawing type :

W Draw candidate work.
¥ Draw rejected work.
W Draw grasping pose
¥ Draw rejected reason
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2 Inspecting and Measuring

4 When the setting has been changed, click Measure to verify whether measurement can be
performed correctly.

L. Setting value ...
Setting item [Factory default] Description
Pick position X [-10,000.0000] to | The position of the flange during picking (in the robot coordi-
[mm] [10,000.0000] nate system). o
Pick position Y [-10,000.0000] to | Set the range of coordinates to judge as OK. A
[mm] [10,000.0000] §
Pick position Z [-10,000.0000] to -
[mm] [10,000.0000] )
Pick posture RX [-180] to [180] The posture of the flange during pi