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1. Introduction HRVision 3D-Stereo

1.1. About HRVision 3D-Stereo

HRVision 3D-Stereo is a PC-based vision software for the robots and Hi4a/Hi5/Hi5a controllers of Hyundai
Robotics to measure the 3D position/posture of a car body.3

HRVision 3D-Stereo provides color graphic operating buttons and an intuitive user interface for easy user
operation. Applying a pattern recognition method that uses autoexposure calibration, multiple pattern
registration, and geometric shape information, this software makes it possible to perform pattern
recognition rapidly and accurately even in an environment where the illumination condition unstable.

By measuring three or more feature points that exist on a workpiece, this software can measure the 3D
position/posture of the workpiece. It prevents vision measurement errors that could occur due to the
false recognition of a feature point.

In addition, with Hyundai Robotics robot controller data communication protocols embedded, any
operator of an Hyundai Robotics robot can use the vision system and the robot system by linking them

easily without problem.

HRVision 3D-Stereo is an optimal tool that can perform measurement of the 3D position/posture of the
car body by using an Hyundai Robotics robot.

HRVision 3D-Stereo provides the following convenient functions.

You can set and operate the vision system easily by using the
operating button.

This function is provided to perform auto stereo camera calibration
by using a calibration plate.

It is possible to acquire the 3D position/posture of a workpiece
based on the common coordinate system by measuring the four
positions acquired from one stereo camera.

It is possible to estimate the 3D position/posture through the
acquisition of the images from multiple time points by changing the
position of the robot if the 3D position/posture of a workpiece
cannot be measured.

This function makes it possible to perform pattern recognition
robustly despite the variation in illumination of the surrounding
environment by providing some functions such as autoexposure
calibration and user-designated exposure setting.

By executing the pattern score by using the geometric shape of
Geometric pattern score the workpiece, you can execute the pattern recognition work
strong to environmental changes.

If there is a circular feature point with the workpiece, it is possible
Ellipse fitting to enhance the measurement accuracy of the 3D position/posture
by applying the ellipse fitting method.

It is easy to set camera calibration, pattern registration, Reference
Tool function car body registration, communication setting, various data
managing by using each functional tool. Additionally, with the data

2 HD e
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1. Introduction

communication protocol installed for Hyundai Robot controller, the
interface with the Hyundai Robot is simple.

Monitoring function

You can monitor process sequence, communication sequence with
Hyundai Robot, pattern recognition result etc, and manage the
error history and data history. Additionally, you can save the
image of the time of the error.
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HRVision 3D-Stereo

1.2. System Configuration

The following figure shows a schematic diagram of a handling robot vision system that uses the HRVision
3D-Stereo. The entire system consists of the robot system and the vision system. The vision system
consists of hardware, including a PC, a frame grabber, a camera, an illumination unit, and a PLC, and the
HRVision 3D-Stereo software.

The user can set and operate the vision system through the HRVision 3D-Stereo program, as well as
communicate with the Hyundai Robotics robot through the Hyundai Robotics-specific communication
protocol. The Hyundai Robotics robot handles the workpiece according to the position recognition result
of its vision system.

A frame grabber will be unnecessary when using a digital camera.

-
Hyundai Robotics Robot Camera & Light PC based Vision System
1 7 = B v A2
~:'_‘,:> T T
¢ -
./
\. y,

Robot Controller

Workpiece

<2

RS-232 Or Ethernet
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1. Introduction

1.2.1. Hardware Configuration

The recommended H/W of HRVision 3D-Stereo is as follows.

H/W tem Recommended specifications
CPU At least 2GHZ Multi-core Processor
512KB or more L2 cache
oS Windows XP, Windows 7
RAM 2GB or above
PC Video PCle x16 Video Card
HDD 80GB or above
CD-ROM X48
2 units
PCI Si * For mounting a frame grabber when using an analog camera
Lighting Light Will change der‘)endlng-on the .LED, the fluorescent lamps, and the
installation environment and usage.
8511VX or 8514V X (COGNEX) 1 unit
Frame Grabber " - -
Unnecessary when using a digital camera
Visl Camera XC-HR70 (SONY) or MV-BX30A (CREVIS) 2 units
ision
system Lens H1214-M(PENTAX)
Can be changed depending on installation environment and usage.
Cable 20m

If you would like to use HRVision 3D-Stereo by adding multiple numbers of patterns, use a PC with high
performance CPU and sufficient memory.

1-5
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HRVision 3D-Stereo

The following shows the details of the vision system required when using an analog camera.

Model name Exterior Specifications

High speed Frame Grabber

Number of camera that can be connected:
Maximum of 4 units

Connection method: RS170, CCIR

1/2 slot PCI

MVS-8111VX
MVS-8514VX

1/3" CCD

1024(H) x 768(V)

C Mount

DC 12V
29(W) x 29(H) x 30(D) mm

XC-HR70,
MV-BX30A

Focal Length : f12mm

Format Size: 1/2",1/3"

Mount: C-mount

Filter Screw Diameter(mm) : M27 P0.5
Weight : 55g

Focus & Iris Lock Screws

H1214-M
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1.2.2. Software Configuration

This consists of VisionPro 8.2 and the HRVision 3D-Stereo Setup software.
VisionPro 8.2 is a software that provides the driver for the Cognex frame grabber and other application

tools.

1. Introduction

The HRVision 3D-Stereo Setup software is an Hyundai Robotics-specific PC-based 3D robot vision
software that can recognize a car body. It is required to install the program and to first register for a

license before using it.

1.2.2.1. VisionPro Installation

End all application softwares on the system.
Insert the installation CD of VisionPro into the CD-ROM drive.

the setup.exe file among the installation files.

141, mst 1494k H
1042, st B4KE
2052, mst 45KE
& Autorun,inf KB
[£] build.t=t 1KE
ﬁ!&ugnex WisionPro (R 8 2,msi 3,181KE
Ié@8 doc, cab 171 536KE
Iési medriver, cab B, 225K E
readme, tut 1KE
| sampledd. cab 90.632KB
e samples, cab 161,622KB
=4 setup.exe 1.433KEB
s Setup,ini KB
\ChE WO C D 182, 575KE
EWlndnwslnstaller -KB833803-% 56, exe 2,525KB

If it is not automatically executed, execute

When the following installation appears, follow the installation procedure and direction as the general

Windows program.

InstallShield Wizard

InstallShield Wizard

Cognex VisionPro (R) 8.2 -

) EAEHEE A=
ERE M=tk

Cognex VisionPro (R) 8.
ELICE OlgE 2

25(E
= SEth
- -

A
HE & VisionProx86VC20105P1
B2 visionProvC2005

Zaad

B0 CHS 2=
o a%E =5

Sl

0] 23]
HAZ

|ZICH SACHOE

Cognex YisionPro (R) 8.2 -

) E3ahe ™ A AEH CES 3HS
E7E ANEGHHS X & 25

Cognex VisionPro (R) 8.

o
S Tt

2
£X & VisionProx86VC20105P1
B8 & visionProvC2005

Za g

VisionProx86VC20105P1 &%

0l EI\E\Di SACHOF
P

[ _____
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HRVision 3D-Stereo

i Cognex VisionPro (R) 8.2 - InstallShield Wizard {i# Cognex VisionPro (R) 8.2 - InstallShield Wizard [

‘Cognex VisionPro (R) 8.2 - InstallShield
wizardS Al ZFEFLICEH

COGNEX

Installshield(R) Wizard 2t #|5H2 2 ZEH Cngnex VisionPro
® ﬂl 25(8) 4AELICE A ZH0 e U2E 2

VisionPro

Vision Software

Hz2e PO [ #2:  ] <Hz2e FoEme [ #x ]

{5 Cognex VisionPro (R) 8.2 - InstallShield Wizard
ASH HAM
CHE2 AFEA HUME MG Ho gL,

{5 Cognex VisionPro (R) 8.2 - InstallShield Wizard
ASRER
MEREEE LHIN 2,

AHERLDISW):
[HHr

COGNEX ~
SOFTWARE LICENSE AGREEMENT =

This Software License Agreement (CAgreement’) is a legal agreement between ZH0):
you (either an individual or a single entity) and Cognex Corporation or one of |HHI

its subsidiaries or affiliates (*Cognex”) for the Cognex software; or a product
which includes Cognex software, that accompanies this Agreement, which
includes (i) computer software. (i} any related firmware provided by Cognex,
(iii) any and all modifications. improvements or updates to the software or
firmware provided by Cngnex and may include associated med\a printed

mborinln  amd Fnelina ar alanbeamin Amaoeeae bobinm  Fnallantionh: 5O noe e o

@ITEA NS AN S
O AEF HZNZ ZHH S2UTH 220

[(<52@ | oew- [ _#= | IEEECH TR R

When you follow the instruction, the Cognex VisionPro(R) 8.2 will be installed, as shown below.

{5 Cognex VisionPro (R) 8.2 - InstallShield Wizard
ARBA B &x
LREHHE Z2Y FEE 45 AHFHIA 2.

{8 Cognex VisionPro (R) 8.2 - InstallShield Wizard
T2 &Y FH A=
O AE £RIZ AEE ZH 2L RIR U

Cognex VisionPro (R) 8.2 (5) 7 CLIMHZ:

C:WProgram FilesWCognex

A HF A % ESALF HASIH M "2 EHE 8 FEHAML. OI-ME E5
SRE H A TEE REAAT

A A

CEEH) =de [ <52 | Cewe | [ #H: ] [(<52® | _&o [ 3= |
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1. Introduction

When the Cognex VisionPro(R) 8.2 is installed, it installs the Cognex Software Licensing Center, Cognex
Frame Grabber driver..

Depending on the system installed, the “Install the VisionPro Control in Visual Studio” button may have
been clicked already. Uncheck, and then proceed with the installation.

1% Cognex VisionPro (R) 8.2 - InstallShield Wizard

i Cognex VisionPro (R) 8.2 - InstallShield Wizard
Cognex VisionPro (R) 8.25(5) € 4&LICE
AT T2 W AL G40 AT ELCE

InstaliShield 22

InstaliShield Wizard 7} Cognex VisionPro (R) 8. %(%) HEBH
S8 gRAMSLICL DIEAS SE51HY O S5 2

InstaliShield Wizard 2} Cogne}( VisionPro (R) 8.
I O visual Studioi visionPro HE E & I

2
MIICH FHAM 2. 0l =2 2 2 Bk 2L

)\FEH. O 22U = A I —=2a A=
AH:
EiE RESRIE &

[ ]

Cognex Software Licensing Center €% Z2 ..,

Cognexa':amgﬂ:\‘i HX Z2 AZHAT):
- E3(223)

VisionProli| ZE+E! POF &HA S 22 Adobe Reader A=
E 9| (www.adobe.comll M CH22E J+5)E LAI6H0E ...

52 CH5! EE SI2@ 0EE

As shown below, you are required to agree to the use of a license and to first input the user information
before installing the Cognex Software Licensing Center.

i Cognex Software Licensing Center 2.4.1 - InstallShield Wizard rz‘ [ nex Software Licensing Center 2.4.1 - InstallShield Wizard FX‘

Welcome to the InstallShield Wizard for =

Cognex Software Licensing Center 2.4.1 Please read the following license agreement carefully.

The InstallShield(R) Wizard will install Cognex Software COGNEX -~
Hgl:lsmg Center 2,4.1on your computer, To continue, dick SOFTWARE LICENSE AGREEMENT T

This Software License Agreement ("Agreement’) is a legal agreement between
you (gither an individual or a single entity} and Cognex Corporation or one of
its subsidiaries or affiliates ("Cognex’) for the Cognex software. or a product
which includes Cognex software, that accompanies this Agreement, which
\WARNING: This program is protected by copyright law and includes (i) computer software, (i) any related firmware provided by Cognex,
international treaties. (iii) any and all modifications, improvements or updates to the software or
firmware prowded by Cognex and may include associated medla pnmed 2

e mberialn  mnd Zanlin ar almabramin dnnces e brbinm foallanbinhe S

(®)] accept the terms in the license agreement!

() I do not accept the terms in the license agreement

Bac Next > [ Cancel ] < Back " Mext > 1 [ Cancel ]

& Cognex Software Licensing Center 2.4.1 - InstallShield Wizard &| & Cognex Software Licensing Center 2.4.1 - InstallShie
Customer Information Installing Cognex Software Licensing Center 2.4.1
Please enter your information. The program features you selected are being installed.
User Mame: Please wait while the InstallShield Wizard installs Cognex Software Licensing
|HHI Center 2.4.1. This may take several minutes.
Organization: #EAs
|r]

[ < Back H Next > l [ Cancel ]

Bad Mext Cancel
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HRVision 3D-Stereo

{5 Cognex Software Licensing Center 2.4.1 - InstallShield Wizard E‘

InstaliShield Wizard Completed

The InstallShield Wizard has successfully installed Cognex
Software Licensing Center 2.4 1. Click Finish to exit the wizard.

As shown below, you are required to agree to the installation and use of the Cognex driver. Then, select
the installation type before proceeding with the installation.
InstallShield Wizard

if.a Cognex Drivers 5.0 - InstallShield Wizard

% Cognes Drivers 5.0 -

Cognex Drivers 5.0 - InstallShield WizardS Al AHSH A ~ L
ArshLlCh OS2 AFS3 HIZME AHE Had N 2. |
InstallShleId(R) Wizard 7t #|FH2] Z FEIMH Cognex Drivers -
5.05(5) SAELICL HEEHY TE HEE 2

COGNEX ~
ggﬁtj\ 7?9‘" d ZOIIERESE =TS SOFTWARE LICENSE AGREEMENT =
E=Le

&1): TEEE 1394 DCAM(Firewire) FHHIEFS AFSEIES, O]
[EEE 1394 E2HIIH S & x5+ X1[HI IEEE 1334 [HF] 3
EJHHIE}EEIIoPD_ HZak= 20l =0 RS HAE
}30‘" =P ICDJ drivers |:| B2 5=

R e u.’mm =

Drm 0l EetiH Ex 8¢ EMI

This Software License Agreement ("Agreement’) is a legal agreement between
you {either an individual or'a single entity) and Cognex Corporation or one of
its subsidiaries or affiliates ("Cognex”) for the Cognex software, or a product
which includes Cognex software, that accompanies this Agreement, which
includes (i) computer software, (i) any related firmware provided by Cognex,
(iii) any and all modifications, improvements or updates to the software or
firmware provided by Cngnex and may include associated media, printed
Alnmbenmin Annime e ki
@IFEH A AN EE &
O NS M2 ZAH S2A5H 22

cembmrinln and Fanline

e Fonllmtinml

L0 Z2IME HE P S H EHH 25 2 E5
1 2&LICH
S2e  [LOEws | [ EES

] EEECH e

InstallShield Yizard

1% Cognex Drivers 5.0 -
88X 38

AT ZEMH 21 HEt 27 REE MM 2.

R

) L= 208 288402 SXELICHL (OL3 324E e
S0 z2R=4).
O AHSA B2 #3(s)
HRFH = ZEOM A 34 B AT 25| 5 NG
2. 03 AEAME 220 FZ-LLCL

InstallShield Yizard

1% Cognex Drivers 5.0 -
E2O 83 FH 248
OAE ERIE ATE E

HIZFEI2ASLICE

Cognex Drivers 5.05(5) € X& CIRE2:
C:HProgram FilesWCognexCommon it
A E A EA HEE

£ 2 Az
S @ 5 47 E

SNz O-EAE &

27m

] IEEECH]

] (
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1. Introduction

When you follow the instruction, the software related to the Cognex frame grabber will be installed

completely, as shown below.

When the driver installation is complete, reboot.

i@ Cognex Drivers 5.0 - InstallShield Wizard

Cognex Drivers 5.03(2) & X EtLICE
HEEEE2 M FAE 40 AR ELCH

InstallShield W\zardj}

2E:

“TE SHEETIE S

Cognex 0
O =4AM2. 0 B2 R 2 B ZELICH

i Cognex Drivers 5.0 - InstallShield Wizard

InstaliShield &2

[

InstallSh\eld WWizard 2 Cognex Drivers 5. D*; (E)4EBH2E
=)
s

SAASLICHL DM AME SETHIAT
12,

i ERE

is. Cognex Drivers 5.0 -

InstallShield Wizard...

AT 24H HEE Cognex Drivers 5.0H =25+
O A ABS CRA| AR OFEILICE A2 CHAL ALZ
SHHS S SE1, L= D‘ll SE2E LAl AIZ
FEE I 2 S S 2u A

If the HRVision 3D-Stereo program is executed without installing VisionPro8.2, a warning window will be

displayed, as shown below.

The user should check whether “C:WProgram Files\WCognex¥VisionPro” is installed. If not, reinstallation

should be carried out.

HRVision MultiCam V0.9 X

%)

Unhandled exception has occurred in Faur application, If
you click Continue, the application will ignaore this errar and
atternpt to continue, If you click Quit, the application will
cloze immediately,

Could not load file or assembly "Cognex, VisionPro, Core, dIl’
or one of its dependencies, Exception from HRESULT:
D=E0BD7363,

Continue ] ’ Quit

P HD iunea



HRVision 3D-Stereo

1.2.2.2. HRVision 3D-Stereo Installation

The procedure for installing the HRVision 3D-Stereo program is as shown below.

Execute “setup.exe” in the HRVision 3D-Stereo installation file.

0g - 3| S5 Bk gt
() DothetFX40 o 04 2016-03-29 2=
EWindowslInstallerd b oz 204 2016-03-29 2=
i2IHRVision 3D-Stereo, msi 14,521KB  Windows Installe,,, 2016-03-29 2=
I ‘L)setup,exe I 448KB SE Z=2H 2016-03-29 2=

When the following screen appears, follow the directions as the installation procedure of general Windows

program.

i HAVision MultiCam

HRVision MultiCam & x| OHg Al AIZ} =l

U

HRvVision MuliCam=(5) ZREIH SXGHS O 22T 2ES 2HEELICH HRVision MuliCam=(E) CHE SCH ZXIHLICH
0| SEH &xFH 5 = 257k, O12 E0H 2751 0HH 20 01E8
2stALE 0 EREIER S

E0iEn

|C:WHHVisiun MultiCam FHOEAIED..

Cl£3 Z2HD)..

SIEE HRVision MuliCam

B 22 [ <5E® | [ o |

The HRVision 3D-Stereo execution files will be copied into the “C:¥# HRVision 3D-Stereo” folder. The user
should not change the folder arbitrarily.

Clicking the “Next” button will progress and complete the installation of the HRVision 3D-Stereo program.

1% HRVision MultiCam

i HAVision MultiCam

HRVision MultiCam & X] (il i A =

HRVision MuliCamS(E) L X8 &LI0H

HRVision MuliCamS(E) €5t 2A&LICH
EHEE "BIIE ERE AL,

A JCHE FHMZ.,

QIET Frameworkl [HEH S8 HHOIEE ZH2IGH D Windows UpdateE ALSTHYA

H D Hyunal 1-12
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1. Introduction

1.3. HRVision 3D-Stereo Execution

Execute the HRVision 3D-Stereo program by double-clicking on its icon on the desktop.

HRVision
3D-Stereo

; HYUNDAI
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2. License Entry HRVision 3D-Stereo

-

To use HRVision 3D-Stereo, you must enter the license key.
You cannot execute any work in the condition without the license key entered.

2.1. HRVision 3D-Stereo License

To use HRVision 3D-Stereo, you must enter the license key number that fits the Cognex Frame Grabber
of the PC with the S/W installed.

To purchase the user license of HRVision 3D-Stereo from the supplier, you must notify the “System Serial
No” for the Frame Grabber of Cognex to use.

The key code that fits the number provided by the customer will be notified to the user.

After the HRVision 3D-Stereo installation, execute the HRVision 3D-Stereo in the method described in 1.3.
If Cognex Frame Grabber is not installed or is not operating normally, the following warning window will

be displayed and the program will be ended.

The user should check whether the Frame Grabber is normally installed.

@ Mot enough frame grabbers or cameras,

When the Frame Grabber is normally installed, the following input window will be displayed.
The user enters the license key received from the supplier and click OK.

License Key =]

HRVision 3D-Stereo v2.0.0
Cognex Serial Number 743073473
License Key 1 I

License Key 2

oF OK ” K Quit l

When the license code is entered incorrectly or when the Frame Grabber installed on the PC is different
from the Frame Grabber of which the information is provided to the supplier, the following warning
window will be displayed and the program will end.

@ The License Key is incorrect,

P HD iunea



2. License Entry

Once the license key is inputted, it will be saved, which means that there is no need to input it again.
But when you uninstall HRVision 3D-Stereo program from the PC, reinstall the operating system or format
the hard drive, the entered key code information will disappear and you need to re-enter during the
reinstallation. Therefore keep the key code in a safe location.

- HYUNDAI
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3. Basic Function HRVision 3D-Stereo

3.1. Screen Configuration
HRVision 3D-Stereo supports Korean and English and the language can be changed in the Option tab of
setup mode when the program is running. This manual describes English Windows OS only.
3.1.1. Main screen configuration
If the serial key is inputted correctly after executing the program, the following screen will be displayed.

The screen of the HRVision 3D-Stereo consists of a total of five windows, and individual programs or
setting windows will be displayed according to each menu of the operation program.

Manipulation 3 (*) zq\
Buttons Lﬂ v ?“/\ 3

D

rlj ~ 7\
;| - °6
r

Disp. Option  Load Pattern BackUp Data

Database

Image Display - el = T e : ox Eporue . Status
i 10000 |EETYS E 3 Right sesch | Live 1 ° E X .
Window g — Window

Output
Window

119.833
+0,014

Shift

Process 1] The emage 1 captured (User Exposure)
Wl n d ow 2] The image is captured (User Exposure).

3D points are corrected. (0.004sec)

¥ 093934 Processing Time 29755e¢
2 033334 ANl data ave saved to the database. (0.1665ec)
2 03393 Fullscreen image is saved. (0.296sec)

63.336 P2-P4 24,160
+0.004 (3 +0,009
S

1116.663 | -0.001 1116.464
-101.486 | +0.002 -185.288
421.032 . 421.172

Meas.

HID Hyunpal 3-2
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3. Basic Function

The key function of each window is as follows.
Provides menus for the operation of the HRVision 3D-Stereo such as

Manipulation Buttons various settings, image acquisition, calibration, inspection, and auto
operation
Image Display Window This displays the current live or grabbed image.

This displays the communication details with the Hyundai Robot,

Process Window . . .
various status display, progress details etc.

Status Window Displays the results of recognition and the state of communication

Displays the 3D position measurement results of the four points of the
Output Window reference workpiece and the current workpiece, as well as their inter-
region distance.

H HYUNDAI
ROBOTICS




HRVision 3D-Stereo

3.1.2. Manipulation Buttons

As the button operating the key function of HRVision 3D-Stereo, each function is as follows.

A < j s o & | o
YA Y- RICE € Rk
AN | AL v \« oA = Ar<e N, rd Manual
i Settings | Calibration Grab Live Exposure Search 3D Disp. Option | Load Pattem _Save Image View
B Settings

This is a menu for setting/managing various functions and linked hardware. There are 12 sub-
menus, as shown below

- System
Set the camera type, camera calibration method, result outputting method, communication,
and others. Select in a way that is suitable for the surrounding facilities and the environment
where the installation will be carried out.

—  Serial Communication
Set the serial communication variable in a way that is suitable for the surrounding facilities
and the environment where the installation will be carried out.

Serial Cammumcatlcisém
Serial (RS-222) Communication
com Baud Data Parity Stop
Port Rate Bits Bits
Robot L1 “ 115200 + & = None ~ 1 =

Robot L2
Robot R1 I
Robot R2
Rebot C1 l
Robot C2 l

- Ethernet Communication
Sets the Ethernet communication variable in a way that is suitable for the surrounding
facilities and the environment where the installation will be carried out.

Ucp Communication Setting
Ethernet (UDP) Communication

IP Address Port

Robotll 192 168 1 1 5000

Robotl2 182 , 163 , 1 12 5000

RobotRL 192 168 1 3 5000

RobotR2 192 , 168 , 1 i 5000 |

RobotCl 192 168 1 15 5000

RobotC2 192 , 168 , 1 ., 16 5000 |
pC T | 16 FURER 2000 I

HID Hyunpal 3-4
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Camera Setting
Sets the camera type, connection port, exposure, and others

3. Basic Function

Camera Model

Frame Grabber / Camera Video Format

BN GigE Vision: Point Grey Research: Blackfly BFLY-PGE-1352M (15143969) Generic GigEVision (Man)

B8 GigE Vision: Point Grey Research: Blackfly BFLY-PGE-1352M (15103567) Generic GigEVision (Maono)

Select a video format.

Select a video format.

Select a video format.

Select a video format.

Select a video format.

Image Packet

Size Size
1~
1 -~ 8le4

|[ §/ Default “ L Load ” £ sove |

|

Exposure Setting
Sets the user exposure for each type of camera

“eposirecerting L Ak B and

el NN

Exposure Setting
©) Registered Exposure @ User Exposure

N B
EN EX E
4 b E
M B

|

3
E

%sse

PH
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HRVision 3D-Stereo

- Model
Input the car mode information, and press the “Save” button to store it.

Model 3]

Name

1|
3 |
[+ JI-T
5|
B w
& |
o |

- Reference Points
Registers the position of the workpiece in relation to the measured four points as the
reference position

Reference 3D Point / Hole to Hole Distance S i S s =

Model Name

HMIL

Reference 3D Points Hole-To-Haole Distance

x v z
1058.740  76.387 411,565

1058.742  -76.387 411.571

1058.740  -76.388 411,567 62,003

x | v z
1058.603 205,840 410.700
1058.685 -205.853 410.758
1058.693 -205.841 410.858

=m o N |

o | e fun| & w |

gwmuumawppl

1
Average 1058.690 | -205.848 410.802

0.014 0.018 0.153

Average | 1058.741  -76.387 411.568 Calculate 3D (PL, P2, P3, P4)

+ 0.004 0.002 0.009

X v z

x | v | oz

1 1116.665  -101.487  421.017 1 1116.459  -185.877  421.218
2 1116.664  -101.488  421.022 2 1116.462  -185.885  421.208
3 1116.662  -101.488  421.040 3 1116.461 -185.880  421.194

4 4

5 5

3 3

7 7

8 8

9 9

i 10 10
Average | 1116.664 -101.488  421.026 Average | 1116.461 -185.881  421.207
= 0.005 0.002 0.036 = 0.005 0.012 0.036

H HYUNDAI 3-6
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3. Basic Function

- Auto 3D Correction
When “All Points” is selected, the measured 3D data will be calibrated and outputted. On
the other hand, when “Non-Use” is selected, the uncorrected data will be outputted. The
default is “Non-Use.”

- Shift Offset Setting
Set the shift offset for each model.

shift Offset Setting =]
Car Model
e e
Shift Offset
| Shift Offset Shift OFfset
x | o x | o
v | o Y | o
z 0 z 0
Shift Offset Shift OFfset
X 0 X 0
v 0 v 0
7 0 z 0
| s | (|

—  Limit Setting
Set the range of the measured data and the error range of the distance between the
measured feature points.

2 HD 3508



HRVision 3D-Stereo

Limit

The “Moving Distance Limit” represents the distance limit within which the measured feature
points can move in space. The “Hole-to-Hole Distance Error” represents the error threshold
between the measured feature points. If the 3D position of the workpiece moves beyond
the “Moving Distance Limit” compared with the reference car body, NG will be outputted. If
the distance between the feature points goes beyond the threshold value, NG will also be
outputted.

Limit Settin

Moving Distance Limit
100
L 100
100
100

=

Hole-to-Hole Distance Error

L1-12 10

R1-R2 jiof |
]

l L Lead H i, Save l

PH

HYUNDAI 3-8
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3. Basic Function

- Password
Execute password change.

Password Setting X

[ Corntramrs | |

| Newromos | |
| |

l V’ Change l * Cancel l

- File Management
Set the error generation image saving cycle and the deletion time. Considering that data

deletion could cause a significant load on the system, it is recommended to set the deletion
time at the early hours when the robot is not in operation.

File Management X

MG Image

soresr: NETELEI

3 HD e



B Calibration

HRVision 3D-Stereo

Loads the camera calibration program, and calculates the relationship between the robot and

the camera

Camera Calibration

The stereo camera calibration execution dialog will be loaded, and the camera projection

matrix will be calculated. Clicking the [Savel button will save the pr:

ojection matrix

Camera Calibrati W I
| Cameracatecaton, S NS W G865 SENNETEENTNS WS e

[CnllbnhonEvror [ o2 I [

e

l [» X

Calibration Error

Q nb J[.J/ Calib. ]

[ € save J

Automatic Camera Calibration
Executes stereo camera calibration automatically, and calculates
projection matrix

~
-

AAQEY AW 5.2 g

and saves the camera

Manual

Stereo Camera

a0 uve [ @68 0 ([Right (R uve G Q8 0

Process

Date
1603-29
1603-29
1603-20
1603-9
1603-29
16:03-29
1603-9
16:03-29

Time
093215
93215
093335
093335
093335
093335
93335
093335

Message
[Received from ROBOT Robotl] P99 (923.033,431,895,509.393, -179.986,0.
[Rec ] AUTOCAL

The 0is 06045854

The 1307219807

The 30 reconstruction 1data is same

The 30 rex
The 30 rec
The 30 e

ion 2data is same !

ion 3data s same
ruction ddsta is ssme !

HYUNDAI
ROBOTICS
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—  Robot-Camera Calibration

Calculates the relationship between the calibration plate,

calibration, and the robot

3. Basic Function

which is used for camera

Camera | - SquareSize 10 v mm
Input
Calibration Object 3D Points Rebot 3D Pints
0.000, 10.000, 0.000
0.000, 100.000, 0.000 f
100.000,  0.000, 0.000
I
| output
H Transformation Matrix Transformation Error
]| £

— Hand-Eye Calibration

Calculates the relationship between the robot and the camera attached to it

4 Hand-Eye Calibration — ==
Tl salce ve s
Comera [BE
Input
Robat-Camera Transformation Matrix
Inverse of Robaot-EndEffector Matrix
Output
) EncEffector-Camera Transfomation Matrix
3 Current
| | [ £ T
- Position

Grab

Every time you click, it captures currently shown image.

Live Display

“Continuous image” will be displayed from the installed camera.

Exposure

Provides three types of autoexposure mode

- Registered Exposure

Acquires the image by applying the exposure used when registering the pattern

P HD

HYUNDAI
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HRVision 3D-Stereo

Auto Exposure

Changes the exposure automatically to ensure that the brightness of the image, which is
used when registering the pattern, would be similar to that of the current image When this
mode is used, the image acquisition speed will slow down.

User Exposure
Acquires the image by applying the exposure used by the user

PH

HYUNDAI i
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3. Basic Function

B Search
When there is a pattern registered already, pattern recognition will be performed once after the
image is acquired.

m 3D
When there is a pattern registered already, pattern recognition will be performed once after the
image is acquired. After that, the 3D coordinate value will be calculated.

B Disp. Option
Decides whether to display the output data of the result to be displayed on the image window
after the pattern is recognized

- Score
Displays the matching ratio of the pattern recognition result

—  Pattern Region
Displays the pattern recognition region

—  Coordinate Axes
Displays the coordinate axis of the pattern recognition

- Origin
Displays the origin of the pattern recognition

—  Center and Scale
Maintains the exposure set in the camera setting window

- Center Guide Line
Displays a cross at the center of the image

B Load Pattern
Loads the registered pattern

B BackUp Data
Saves the currently set pattern data and the calibration data into the “C:¥#WHRVision
StereoWBackup” folder

3-13
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HRVision 3D-Stereo

B DataBase
Displays a search window for the error data base and the measured data base
The search data can be displayed in connection with the “Microsoft Excel” program.

DataBase ]

1D| Meas Time Camera  Model | Pattem | Score | Image| Image| Scall Scal Scal Pos

» Bl 2014-01-25 9% 38| Comera 1 Model 1 Patter 1 9992 |352.04 [412.70 039 |08 [1.00 | (2554122
2014-01-25 25 328 | Camera 2| Model L |Pattern L 9983 | 550,18 |306.99 | 0.89 099 |10L | (-2.55412%
2014-01-25 9.5 3:28| Camers 3| Model 0 |Pattern00.00 | -1.00 |-1.00 |0.000.00 [0.00 | 00000
2014-01-25 25 3:28| Camera 4 | Model 0 |Pattern0 000 |-100 |-100 |0.00 000 (0.00 | 00000
2014-01-25 2% 328 | Camera 5 | Model 1 |Patter 19932 |196.72 26040 | 101 |LOL (089 | (7141765
2014-01-25 5 3:28| Comera 6 | Model 1 |Pattern 19505 | 250.88 | 260,12 | 101 | 101 |0.88 | 47141762
2014-01-25 2% 3:28 | Camera 7| Model 1 |Pattern 1| 10000 60144 | 386,65 | 100 | 1.00 |0.88 | (31.72684¢
2014-01-25 2% 328 | Comera § | Model 1 |Pattern L | 10000 | 74118 | 384,62 099 099 |102 | (3172684¢
2014-01-25 25 330 | Comera 1| Model 1 |Pattern 19992 |352.96 41272100 | 1.00 1,00 | (-2.56901¢
2014-01-25 2% 330 | Camers 2| Model 1 | Pattern 1 9353 | 550.18 |396.36 099 098 101 | (-2.563018
2014-01-25 2% 330 | Comera 3| Model 0 [Pattern @ 000|100 |-100 |0.000.00 0,00 | ©0000€
2014-01-25 25 330 | Comera 4 | Model 0 |Pattern00.00 |10 |-1.00 |0.000.00 |0.00 | 00000
2014-01-25 2% 330 | Camers 5| Model 1 | Pattern 1 9332 | 196,77 |280.07 | 101 | 101 (088 | (4.747560:
2014-01-25 28 330 | Camera 6 | Model 1 |Pattern 1 9661 |259.65 |269.05 | 100 | 1,00 | 101 | 47475602
2014-01-25 25 330 | Comera 7| Model 1 |Pattern 1| 100.00 |601.40 | 386,66 | 100 | 1.00 |0.88 | (31767182
2014-01-25 25330 | Camera 8 | Model 1 |Pattern 1| 10000 | 741.30 | 384,51 | 100 | 1.00 0.89 | BL76718%
2014-01-25 28 330 | Camera 1| Model 1 |Pattern 1| 10000 352,23 | 41248 | 100 | 1,00 |0.89 | (-279569€
2014-01-25 25 330 | Comera 6| Model 1 |Pattern 19393 |250.45 | 260.16 | 101 | 101 |0.89 | (4530453t
2014-01-25 25330 | Camera 7| Model 1 |Pattern 1| 10000 60141 |356.92 | 100 | 1.00 |0.89 | (31730247

2014-01-25 2.2 3:30 | Camera § | Model 1 |Pattern L 10(‘1‘00 74119 38486 10,99 099 [1.02| 31739247
< >

DataBase Selection

O ErrorDB @® Date DB

From: | 2013-09-01 ~| [ s ]

T [unan -

stz “Cenes

B Manual/Auto
Change the manual/auto mode. In the auto mode, it is impossible to operate all buttons, and
they can be operated through communication with the PLC and the robot.

HYUNDAI ]
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3. Basic Function

3.1.3. Image Display Window

The image window displays the continuous image or the currently acquired image and the pattern
recognition result.

In the image window, it is possible to perform zoom in / zoom out, fit image, image shift, and others by
operating the mouse.

Current Image Continuous
Continuous exposure acquisition image display
image display display

Steleocamua\* \ 14/
Pattern e x o Erear
recognition
execution | Display of the recognition result

and the matching ratio

Pattern recognition ||| w e s
result outputting 2y | g =% L) | g

; HYUNDAI
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HRVision 3D-Stereo

3.1.4. Output

The output window shows the reference car body, the 3D position of the four points of the current
workpiece. It also shows the position error in the moving distance and the distance between the points.

3D measured data Amount of movement
for the reference car of the current car body Measurement result
/
Outp
Ref.

. :

Reference distance

between the points _
\

Error in the distance Ref.

between the points -
\ -

3.1.5. Process Window

Displays the operation status of the HRVision 3D-Stereo

Date Time Message L]
14-01-22  10:57:26  [Camera 4, Moedel 1, Pattern 1] The pattern is searched,
14-01-22  10:57:26  9.37ms
14-01-22  10:57:26  [Camera 5, Moedel 1, Pattern 1] The pattern is searched,
14-01-22  10:57:26  12.66ms
14-01-22  10:57:26  [Camera &, Medel 1, Pattern 1] The pattern is searched,
14-01-22  10:57:26  19.54ms
14-01-22  10:57:26  [Camera 7, Medel 1, Pattern 1] The pattern is searched,
14-01-22  10:57:26 18.23ms
14-01-22  10:57:26  [Camera & Model 1, Pattern 1] The pattern is searched.
14-01-22  10:57:27  Processing Time: 5.01sec

1=

HYUNDAI ]
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3. Basic Function

3.1.6. Status Window

Displays the recognition result, car mode, application of various functions, and the state of communication
with the PLC

Status
7 N
Displays the
G— o
recognition
. J
Car Model
4 '
P Car mode
- information
\ J

Exposure Control
Exposure control

User Exp. information

Auto 3D Correction

Whether to apply
3D position autocalibration

Robot Position

Current robot position information
received through communication

; HYUNDAI
31 ) HD rosorics



HRVision 3D-Stereo

3.2. Key functions

3.2.1. Stereo Camera Calibration

This is a process that performs camera calibration to match the camera coordinate system and the
common coordinate system of the process. HRVision 3D-Stereo performs calibration by using the
calibration plate, as shown below.

The abovementioned calibration plate needs to be arranged to be positioned inside the quadrangle of
the camera.

Exposure 30 Disp. Option | Load Pattern BackUp Data  Database

\w//g““ d\- PT; ‘/::

Right | & == | uve [ " (@ 54l

Time
-2 093149 (AN Ca
-2 093215 [Received from ROBOT Robotl] MODEL 10
29 093215 | om ROBOT Robotl] P99 (923033431 895,509.393,-179.986,0
6-03-29 093215 [Received from ROBOT Robotl] AUTOCAL

captured. (0.6545e<)

In the “Calibration” menu of the HRVision 3D-Stereo menu, click “Automatic Camera Calibration.” When
there is a calibration plate arranged on the screen, the corner points inside the calibration plate will be
detected automatically. Then, the projection matrix will be saved in the “C:WHRVision StereoWCal” folder.
Check whether the “P1L.txt” and “P1R.txt” files relevant to the selected camera models are created. If the
files are created, camera calibration will be completed. If not set automatically, move the robot to the

HYUNDAI ]
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3. Basic Function

point where the corner points of the calibration plate is clearly visible, and then execute again.

AHOE Y RXE 299

Settings | Calibration Grab Live Exposure Search Disp. Option | Load Pattem BackUp Data | Database

O[3 0 [Right

Stereo Camera

Model Num

Exposure Control
User Exp.

Auto 3D Correction

Output Process

Time  Message

P1 ] o ] Date
16-03-29  09:32:15  [Received from ROBOT Robotl] P99 (923.033,431.895,509.393,-179.986.0....
1603-29 - 09:3215 [Received from ROBOT Robotl] AUTOCAL

16-03-29 The calibration error of camera 0 is 06945854

16-03-29 Thecalibration error of camera 1 is 0.7219807

16-03-29 The 3D reconstruction 1data is same ! E
16-03-29 093335 The3D reconstruction 2data is same !

16-03-29 09:33:35 The 3D reconstruction 3data is same!
16-03-29 09:33:35 The 3D reconstruction 4data is same !

J» BEH » 2 023 (C) » HRVision 3D-Stereo » Cal

sojZEze 2% v BEGY v

P <] o 3T 2h =%
B cr2EC & callmage1L.bmp 2016-03-28 1,214KB
=g & Callmage1R bmp 2016-03-28 2= 514 1,214KB
=l A2 g = | 7| CheckerBoardCodeRef.dat 2016-03-25 2 11.02 1KB
Tl HRCamCal exe 2016-03-25 @ 11:02 268KB
=ELCEE] 5] Objvzdat 7933 2KB
EEL SR 1KB
B ace T B 1KB
B A
s

M o

l 774

ioh

a

o

- HYUNDAI
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HRVision 3D-Stereo

3.2.2. Robot—camera calibration

This is a process that matches the calibration plate coordinate system and the robot coordinate system.
When ST1 is selected in the camera combo box and the quadrangle size of the calibration plate is selected,
the “Calibration Object 3D Points” will be generated automatically. Input four robot teaching points
correspondingly, and then click the “Calibration” button. The relationship between the calibration plate
coordinate system and the camera will then be displayed in the transformation matrix. At this time, the
transformation error that is to be generated will be displayed through the “Transformation Error” item. If
the error exceeds 1, check the robot teaching points again, and, if necessary, perform teaching again.

I . &
Camera 5T1 - Square Size 10 ~ mm |
Input
Calibration Object 3D Points Robot 3D Points
0.000, 90.000, 0.000 1093.329000, 491.778000, 290.089000
20.000, 0.000, 0.000 1091.601000, 414.222000, 238.682000
90.000, 0.000, 0.000 1090.903000, 364.225000, 287.405000
20.000, 0.000, 70.000 1021.607000, 415.729000, 239.750000
Output
Transformation Matrix Transformation Error
-0.006135 0.019221 -0.999796 1091.523348 0.319246
-0.720123 0.693618 0.017753 428.0875383
0.693819 0.720085 0.009586 225.062695
0.000000 0.000000 0.000000 1.000000
»{(I/ Calibration % Save l

Clicking the “Save” button will store the transformation matrix information into the “C:¥#WHRVision 3D-
StereoWData¥WRobCalTransform” folder.

AR s— (=] ]
%« 2 [|A3 (C) » HRVision 3D-Stereo » Data » RobCalTransform - ‘4,‘ | Rol Pl
48 - 2r0[=212(0) =2 ~ =5 e - =] = fl @
ol o5 37| |
W EAHET = z
g CH2EE || E2C_Caml.dat DAT o2 1KB
M i s | 7] R2E InvCam1 dat DAT o2 1KB
= A2 9 || RobPeints_Cam1.dat DAT I 1KB
| 7] RobTCal_Cam1.dat DAT T+ 1KB
- SHOIEEE | 7] R2E_Cam1l.dat DAT I 1KB
EEZ | 7] R2E_Cam1_Pre.dat DAT o 1KB
Hurne
=] AR I
& =9
o 9
Ry
& =zr023
L EECE
|
} 21 25 I

HYUNDAI _
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3. Basic Function

3.2.3. Hand-eye calibration

This is a process that acquires the relationship between the robot and the camera.

Selecting ST1 in the camera combo box will load and display the robot-camera transform matrix acquired
in the previous stage. It is required to obtain in advance the input of the robot position resulted when
acquiring the calibration plate.

Clicking the “Current Robot Position” button in the dialog box will display the inputted robot position data
in the “Inverse of Robot End Effector Matrix.”

Clicking the “Calibration” button and the “Save” button will complete the hand-eye calibration.

The hand-eye calibration information will be saved in the “C:\WWHRVision 3D-Stereo¥Data¥
RobCalTransform” folder.

sl Hand-Eye Calibratio m & q \ L ﬁ
= )

Input
Robot-Camera Transformation Matrix
-0.006135 0.019221 -0.999796 1091.623348
-0.720123 0.693619 0.017753 428.975383
0.693819 0.720085 0.009586 225.062695
0.000000 0.000000 0.000000 1.000000

Inverse of Robot-EndEffector Matrix

-1.000000 0.000227 -0.000244 923.059423
0.000227 1.000000 -0.000244 -431.979992
0.000244 -0.000244 -1.000000 509.273037
0.000000 0.000000 0.000000 1.000000

Qutput
EndEffector-Camera Transformation Matrix
0.005802 -0.019239 0.999798 -168.528533

-0.720294 0.693448 0.017524 -2.814884

-0.693645 -0.720250 -0.009835 284.345189
0.000000 0.000000 0.000000 1.000000

l»j’f} Calibration

il
ave apno ose
2 Paosition

_ HYUNDAI
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HRVision 3D-Stereo

3.2.4. Pattern registration

This function helps manage (register/change/delete) patterns for individual models.

Model and pattern selection

Camera

PR R Image acquisition H Image saving

Cam1 [Frame Grabber] GigE Vision: Point Grey Resear: Blackfly BFLY-PGE-1352M #{43969), [Video Format] Generic GigEVision (Mono)

U

Model 1

. 0 . , 05 Cowsw o U o PEER >

@w ?@;@k Wﬁ N 7 % c Ellipse setting
Exposure setting

Pattern saving

Pattern loading :
Mask region — S

—— ™ Patter registration 2 Lond >
o b > R R —— — "

Pattern Registration *

Mask — ' ogo

37 | 57427

rch Region

© Origin
@ Center

Origin change

Region setting
Low High
[ ] B 30 30 (180~180)
095 105 (05-~20)
Search setting |88 o5 15 0s5.29
B3 o5 195 05-20
Display Option
Vi v
vl V|
Display options p :
[x Space: (1137.21, 16.3356)

~[zoom: 7958 % [intensity: 45

HYUNDAI ;
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HRVision 3D-Stereo

(f 4. Work Procedure

The work procedure of the HRVision 3D-Stereo is as follows.
The detail description of each procedure is provided in the following sections.

HRVision 3D-Stereo
Software installation

Optical equipment installation
-Camera installation
-Lens attachment
: Focus and aperture
adjustment
-lllumination installation

-lmaae acauisition check

Robot, PLC « Vision
communication setting

Camera calibration

Model pattern registration and
recognition performance test

Reference car body
reqnistratinn

Robot work program
preparation

Vision/robot link test

H HYUNDAI 3-2
ROBOTICS



3. Basic Function

3 HD e



HRVision 3D-Stereo

3.3. HRVision 3D-Stereo Software Installation

Install VisionPro 8.2, HRVision 3D-Stereo software in accordance with 1.2.2, and register the license key
in accordance with 2.1.

2 Y EXtME= Hiba MI01712F 21SE “HRVision 3D-Stereo” &X| X XZF ZAE 2YELICL

3.4. Optical Device Installation
Install the camera and lighting according to the using purpose.
The following figure shows that if HRVision 3D-Stereo is run after the optical equipment and the HRVision

3D-Stereo program are installed, the initial screen of HRVision 3D-Stereo will be generated, as shown
below.

[T HRVision 3D-Steren vZ0L0} [ e
o6 1]
A, [ | | Auto
Settings | Calibration Grab Live Exposure Search 30 Disp.Option | Load Pattern BackUp Data | _Database
Stereo Camera Status

No Exposure a5 ™ . No Exposure n | 1=
Left | © o O 38 TH| Right! i (0 [d

r Model

Model Num

Exposure Control
User Exp.
Auto 3D Correction

Robot Position

X

Y

z
RX
RY
RZ

Process

Shift Ref. Shift Date Time  Message
B B 16-03-29 10:38:09  Please, wait for a while...
16-03-29  10:3312 Modell is loaded.

16-03-29  10:38:13  Model 2 is loaded.

|m - I 16-03-29  10:38:13 Model 3 is loaded.
_ I 16-03-29  10:38:14 Model 4 is loaded.
Ref.

Ref. @ Meas.
:
- |
| .
-

@ Raw Corr.

16-03-29  10:3316 Model 7 is loaded.
16-03-29  10:38:17 Model 8 is loaded.
16-03-2¢ 10:38:17 Done.

Shift

| & H D Hyunpas 3-4
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3. Basic Function

In the initial execution screen, as the camera type is not set, the image may not be acquired normally. Go
to the “Setting” menu, and set the camera type.

It is required to input a password to go to the setting menu such as “Settings” and “Calibration.” You are
kindly required to contact the supplier for inquiries with regard to the password.

[ | —

{ o OK H # concel

Clicking “Settings — Camera” will generate the following dialog. Set the camera type suitable for the
process, and then save it.

amera Settin =

Camera Model

Frame Grabber / Camera Video Format
Cognex8501 (Z04284266), Port: 1 Sony XC-HR70 1020768 IntDr (rapid-reset, shutter-sw-EDONPISHAT) CCF
Cognex8501 (Z04284266), Port: 2 Somy XC-HRT0 1020<768 IntDr (rapid-reset, shutter-sw-EDONPISHAT) CCF
(Cognex8501 (ZD4284266), Port:3  Somy XC-HR70 1020<768 IntDrv (rapic-reset, shutter-sw-EDONPISHAT) CCF

Cognex8501 (Z04284266), Port: 4 Sony XC-HRT0 1020<768 IntDry (rapid-reset, shutter-sw-EDONPISHAT) CCF

= | setect 2 video format. -]
= | Select avideo formt L
= | _select a video format, Lo ]

|Iﬁbda.m ” 14 Load H £ sove | I

9

Set the type of the installed camera and the exposure by clicking “Settings — Camera.’

" Exposite Setting - B u. han and — l- e

Exposure Setting
©) Registered Exposure @ User Exposure

IEN EN BN EN KN EN kN
LI JrJCJ 1101
i 3+ ]

UOITITTITTie

g
Hi

| Cam2

g

Cam4

A

Camb

||
||
|
||
||
||
|
||
||
|

OOITITe

AEAAAA
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HRVision 3D-Stereo

Check whether the image is acquired normally by clicking “Grab” or “Live” on the operating button.

FRVision 3D-Stereo

VTR

Settings | Calibration Grab Live Exposure Search ED) Disp. Option | Load Pattern BackUp Data | Database

= I | Exposure @
% seerch lee @ \

Stereo Camera

Live O/ 6a [

User Exp.

Progess

Shift Datern Time  Message
% 16-03-30 14:07:26 [Camera Caml] The live display is started.

16-03-30 14:07:26 [Camera Cam2] The live display is started.

16-03-30 140731 [Camera Caml] The live display is stopped.

- ||| 160330 140731 [Camera Cam2] The live display is stopped.

= 1| 160330 140740 (AN Comeras] Allimages are captured. (0.206sec)

Set the distance between the work target and the camera, and the lens focus and aperture to fit the
condition.

Fix the camera so that gap cannot be formed. Check the lens focus ring and the aperture ring.

After completing vision installation, check whether images are normally acquired while the adjacent
equipment are operating.

If image noises occur, check on the insulation condition of the camera and the cable.

HID Hyunpal 3-6
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3. Basic Function

3.5. Communication Setup of Robot and Vision

3.5.1. HRVision 3D-Stereo Communication Setup

When image acquisition is completed, configure communication of HRVision 3D-Stereo.

Set the communication method and the attributes suitable for the process environment by clicking

“Settings — Communication.”

Check whether the vision system communicates with the robot according to the set attributes.

Ethernet (UDP) Cemmunication

IP Address

Robot 192 168 | 1 1

PC

5000

HYUNDAI
ROBOTICS

P HD



HRVision 3D-Stereo

3.6. Camera Calibration

3.6.1. Model Setup

Pattern recognition result and calibration data is managed by model.
First, set the model name by clicking “Setting — Model.”

Model

— =l

Model Name

] I

=

[ EEEEEREEEA

L Load b 4 Close |

3.6.2. Camera Calibration Parameter Setup

Camera calibration to align the camera coordinate and robot coordinate is executed. The camera
coordinate uses the pixel units and the robot uses the mm units. Therefore, in order to use the measured
results from the camera coordinate and execute the work in the robot coordinate, it requires a process
to change the results of the camera coordinate into the robot coordinate. This is called camera calibration
and HRVision 3D-Stereo uses the calibration board described in 3.2.1 and executes the calibration.

3.6.2.1. Calibration Board Arrangement

Considering first the lens specification, workpiece arrangement, pattern recognition accuracy etc., set the
distance between the camera and the workpiece (Grab image location).

Set the calibration board on the pallet where the workpiece will be put. When required to apply the
autocalibration function at the stage of production, the currently installed calibration plate should be in
the fixed state without movement at all times.

3.6.2.2. Teach Calibration Point

Attach a tip at the tool end of the robot and teach the 3 calibration points of the calibration board.

At this time, enter the tool parameter of the robot and enter the tool parameter of the attached tool.
The position of each calibration point needs to be recorded in the robot work program based on the
common coordinate system.

HID Hyunpal 3-8
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3. Basic Function

3.6.2.3. Grab Calibration Board Image

Click the "Grab" button among the manipulation buttons to acquire images including the calibration board.

A REHERLIEEED ]

Settings | Calibration Grab Live Exposure Disp. Option | Load Pattern BackUp Data | Database

Grab
(AE)

Stereo Camera

Exposure Control
Auto Exp.

Auto 3D Correction

Robot Position

Process

Ref. Shift Date Time  Message
= = 16-03-30 14:17:25  [All Cameras] All images are captured. (0.202sec)

16-03-30 14:17:25  [All Cameras] All images are captured. (0.208sec)
16-03-30  14:17:29  [All Cameras] All images are captured. (0.272sec) e

- | - | - | - ||/ 160330 141730 (AN Cameras] All images are captured. (0.255sec)
= = = = = - = 1| 160330 160731 (AN Comeras] Allimages are captured. 0.254sec)

3 ReE. SRt 2 - Rer, it 16-03-30 14731  [All Cameras] All images are captured. (0.265sec)

X 7] - — C 7] 16-03-30 14:17:31  [All Cameras] All images are captured. (0.253sec)

m

- 16-03-30 14:17:32  [All Cameras] All images are captured. (0.233sec)

© Raw ) Cor.
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HRVision 3D-Stereo

3.6.2.4. Detect Calibration Point and Enter Coordinate
Execute camera calibration by clicking “Calibration — Automatic Calibration” on the operating button.
When it comes to the images of the left/right sides, acquire the corner points of the images according to

the stereo calibration, as explained in section 3.2.1. Refer to “3.2.1 Stereo Camera Calibration” for more
details.

on 305

Z. (o) ﬁ o @(X’\

Settings | Calibration Grab Live Exposure Search ED) Disp. Option | Load Pattern BackUp Data | Database

Stereo Camera Status

@ = [T | Exposure @ PR | cposure
Live R s (

Car Model

Model Num 1

Exposure Control
Auto Exp.

Process

@ Meas. P2 Ref. Shift Date  Time Message
< % 16-03-30 1417:30 [All Cameras] All images are captured. (0.255sec)

N N 16-03-30 1417:31 [All Cameras] All images are captured. (0.254sec)

16-03-30 1417:31 [All Cameras] All images are captured. (0.265sec)

© Ref.
S| - =]
P3 = | P2-P4 = || 16-03-30 142731 [All Cameras] All images are captured. (0.253sec)
= = = 1| 160330 140732 (AN Comeras] Allimages are captured. 0.2335ec)
3 =y 8 -  |mm =y SR 16-03-30 14:19:22  [Camera Cam1] The camera is not calibrated. Cannot load the file specifi... |-
= = - = = 16-03-30 14:19:27 The calibration error of camera 0 is 0.7626875

- 16-03-30  14:19:28 The calibration error of camera 1 is 0.8177593

© Raw (@ Corr.

When it comes to the automatic calibration function, click the “P Matrix” button to calculate and save the
projection matrix after all the corner points are extracted from the left/right sides. The calibration data
will be saved as “P1L.txt, P1R.txt” into the “C:\WHRVision StereoWCal” folder.

HYUNDAI ]
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3. Basic Function

3.6.2.5. Robot—camera calibration execution

Perform robot—camera calibration by clicking “Calibration — Robot-Camera Calibration” on the HRVision
3D-Stereo operating button. When the robot number and the rectangle size of the calibration plate are
selected, four points will be produced. These four points need to be taught to the robot.

Robot-Camera Calibration ‘ = ‘Y
P
Camera ST1 - Square Size 10 - mm
Input
Calibration Object 3D Points Rebot 3D Points.
0.000, 90.000, 0.000 1093.329000, 491.778000, 290.089000
20.000, 0.000, 0.000 1091.601000, 414.222000, 238.682000
90.000, 0.000, 0.000 1090.903000, 364.225000, 287.405000
20.000, 0.000, 70.000 1021.607000, 415.729000, 239.750000
Output
Transformation Matrix Transformation Error
-0.006135 0.019221 -0.999796 1091.623348 0.319246
-0.720123 0.693619 0.017753 428.975383
0.693819 0.720085 0.009586 225.062695
0.000000 0.000000 0.000000 1.000000
] caliration & save

Input the teaching points in the space on the right side in the order of X, Y, and Z, and then press the
“Calibration” button to display the transformation matrix and the transformation error. If the error is
above 1 mm, then the calibration is incorrect. Camera calibration needs to be performed again. If the
error is below 1 mm, click the “Save” button to store the transformation matrix.

3.6.2.6. Hand-eye calibration execution

Perform the robot end effector—camera calibration by clicking “Calibration — Hand-Eye Calibration” on
the HRVision 3D-Stereo operating button. Input the camera number, receive the current robot position
through communication, and then click the “Current Robot Position” button. Check whether the “Inverse
of Robot EndEffector Matrix” item is inputted, and then press the “Calibration” button and the “Save”
button to store the transformation matrix.

r=9 Hand-Eye Cahbraﬂu- “ & q \ Ll &Jq

Camera S5T1 -
Input
Robot-Camera Transformation Matrix
-0.006135 0.019221 -0.999796 1091.623348
-0.720123 0.693619 0.017753 428.973383
0.693819 0.720085 0.009586 225.062695
0.000000 0.000000 0.000000 1.000000
Inverse of Rebot-EndEffector Matrix
-1.000000 0.000227 -0.000244 923.059423
0.000227 1.000000 -0.000244 -431.979992
0.000244 -0.000244 -1.000000 509.273037
0.000000 0.000000 0.000000 1.000000
Qutput
EndEffector-Camera Transformation Matrix
0.005802 -0.019239 0.999798 -168.528533
-0.720294 0.693448 0.017524 -2.814884
-0.693645 -0.720250 -0.009835 284.345189
0.000000 0.000000 0.000000 1.000000
Current
] Calibration I € save l Lot
osition

_ HYUNDAI
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3.7. Model Pattern Addition and Pattern Recognition Test

HRVision 3D-Stereo

Register all patterns for pattern recognition and execute the pattern recognition test.

3.7.1. Grab Image

Select the workpiece feature points that need to be registered as patterns, and then click the “Grab”

button in the menu or image window.

Clicking the “Pattern Registration” button will generate the “Pattern Registration” window to perform

pattern registration.

N\ AS v e o 2 ~ 7\

& A O % ; Bl L a6
AL I > | P P | I
Settings | Calibration Grab Live Exposure Search 3D Disp.Option ' Load Pattern BackUp Data | Database
Stereo Camera

@ 2 [T | Exposure
Left] (R =] [Live

Clike the setting
window

Process

:” = PR [ Eposure
\-\Sﬁuh' lee

Date

= 2 | 16-03-30

- - 16-03-30

. 16-03-30

H = | = = || 16-03-30
i - 1| 160320

Ref.

= =
|

© Raw Corr.

Time
14:07:26
14:07:26
14:07:31
14:07:31
14:07:40

Message
[Camera Cami] The live display is started.
[Camera Cam2] The live display is started.
[Camera Cami] The live display is stopped.
[Camera Cam2] The live display is stopped.

[All Cameras] All images are captured. (0.2065ec)

HYUNDAI
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m [Frame Grabber) GigE Vision: Point Grey Research: Blackdly BFLY-PGE-1352M (15143969), [Video Format] Generic GigEVision (Mono)
orure J 693 ms  Brightness: J 05 Contrast:

b » © © 0 100 o o 1 et o 1

MO R QKR [ ° E‘

Average Intensity: -~

(&) (X ] v | X

Live Display

= Space: (652681, -376976) ~Jzoom: 7958%  [intensity: -

3. Basic Function

Model and Pattern Number

| raient |

SelectaPattern v

Registered Pattern Image

Pattern Registration

Sl

Region

Pattern Match Parameter
Em 2 ow
Low High
30 W (480-~180)
095 195 @s-20)

035 105 @s.20)

| scex |
095 105 [5-20)

P HD

HYUNDAI
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HRVision 3D-Stereo

3.7.2. Pattern Addition

Select the car mode and the pattern number. The pattern number can be used when diverse patterns
need to be used for the same car mode. In this case, the origin of the patterns should be identical. In
general, select “Pattern 1” as one pattern is to be registered for one car mode.

Car Model and Pattern Number

Model 1 3

Clicking the “Setup Pattern Region” button will bring up a rectangle for setting the pattern image at the
center of the image.

Pattern Registration

i) < © [

ond Setup Pattern Region, | |

Change the size and position of the pattern setting rectangle as suitable for the region where the pattern
needs to be extracted. Individual patterns should have characteristics that can differentiate individual
models easily and need to be selected by taking into consideration the visual region of the camera (FOV),
the precision required for the work and others.

Pattern Registration

Camera Model and Pattern Number
m [Frame Grabber] GigE Visi
Exposure = = > = = 1o | 55 ms  Bightness: L [03] comst: .
MO R QKR [ Gal (@ ” ‘

Avevps ity @ | ol it oMl |, ey

ion: Point Grey Research: Blackfly BFLY-PGE-1352M (15143969), ~[Video Formet] Generic GigEVision (Mono)

[+ Space: (1075 62, 565.463) ~[zoom 7958 %  [intensity: 254 7 Festures /| Ellipse

HYUNDAI -
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3. Basic Function

Press the “Apply” button to extract the pattern inside the rectangle.

Pattern Registration
Camera Model and Pattern Number

IEESE Fome Grabber) ist =3
Eporure J 6% m  Bightnes: ) 05 Contam ) o N
o

o » © @ © o R o 1
X e e @ e FHE i -
Average ntensiy Live Displey O‘Q\ Y Pl x

Model 5

Point Grey Research: Blackfly BFLY-PGE-1352M (15143969), [Video Format] Generic GigEVision (Mono)

Pattern1

Regitered Pattern Imoge
= —]
E
» J

€ Save

Load ||

50 ©~100)

Low High
30 W (480-~180)
B2 o5 15 es-2
| scie x [EERSTRFTIOT
St-leV 095 105 (5-20)

§ Defaute o Set
Doy Op

|/ Pattem Region / Coord. Ases.
U Fneteues

 Hipse

¥ Space: (75 3951, 743.899) [zoom 7958 %  [intensity: 3 L4 Femtures /| Blipse

As the origin of the pattern is positioned at an arbitrary position, it is required to change it to the desired
position. Pressing the “Move Origin” button will turn the state into a state in which the coordinate axis

can be moved.

Pattern Registration

o

G,
Origin X | Wove Origllin[_

ittem Regstration

Camera Model and Pattern Number

&

I (e o G Vi P Gy e Bkl ALY PGE L35 G519, (e ot GenrGofion o) [hosss [

Exposure - » = = ~ 1o | O ms Brghtness: L [05] comast: R
X e a e e FHE ~ i =5
P Zl m
PE LIS |25 [ 7 tony |[ 3 cancel
Registered Pattern Image.
P
L .

JGAGANR] 102055 JOugAY] 0555

Search Region
e w © Origin

e w Center
OriginX ‘Ongin ¥
Pattern Match Paremeter

High
0 (180 -~ 180)

105 @5-20)
105 @520

105 5-20)

B n-
7 Festures /| Ellipse

[# Space: (105804, 509301 +[zoom: 7958 % [intensity: 240

; HYUNDAI
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HRVision 3D-Stereo

Decide the hole that needs to be registered as the origin, move the coordinate axis, and then press the
“Apply” button.

Dattern Registration

Camera Model 0d Pattern Number
IR (o o) i iions Pon ey Resec:Sackf FLY-PGE-1352M 1513369, VideoFormat]GenercGion (Mono)

I voces -
— ; J . » " " o M Gighnes: J L 05 Comm: J L oS | a1 [N
T o, (@6 &) X EC] v X e
e o

Pattern Registration

| 0%0 @

[# Space: (128549, 213 62) oot 7988 % || [imensity 22

For locating the center of the hole, press the “Find Hole Center” button.

Pattern Registration

S el
OriginX | 501 | Oﬁginl@

HYUNDAI ]
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3. Basic Function

There will be a caliper for detecting the ellipse around the hole.

Pattern Registration
CGmera

IR (7o Gabber) Gige Vsio: PointGrey Resesrch:Blackfy BFLY-PGE-1352M (15103969), [Video Foums] Genaric Gigeian (Mono)

Exposure . = - - % w00 | OFIms  Brightness: : Contrast: A
rmaa @ HE ‘*
: A

Average Intensity

 Apply R cancel

0 (180~160)
©5-20)
105 @s~20)

105 5-20)

ka‘

[# Space: (951235, 508917) ~[700m 7988 % | [intensity: 255

- HYUNDAI
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HRVision 3D-Stereo

Enlarge the screen by turning the mouse wheel. Check whether the caliper is positioned around the hole.
If the caliper is not positioned around the hole, the user is required to change the shape of the caliper.

Dattern Registration
Camera

[IEETI (Freme Grabber) GigE Vision: Point Grey Research: Blackfly BFLY-PGE-1352M (15143%69), [Video Format] Generic GigEVision (Mono)

Exposure = = = = = oo | 65| ms  ightness: . Contaast: .
YNoaa «a FHE ale 2l » -
s keunis @6 \ | 25| [ |V oy

| K concel

[# Space: (9349, 204.62) Hzooni 7988 % || [imensity 221

When the “Apply” button is pressed, the center of the ellipse will be extracted, and the point that is used
to detect the ellipse will be marked with “+.”

Pattern Registration
Camera

Mode 04 Pattern Nmber
I (o o) i iions Pon ey Resec:Sackfl BFLY-PGE-352M 1514369, [VideoForma] Genric G (Mono) T s
3 g ) Patem
===== 693 ms rightness : y 05 Contrast 05
Eponre: . - " = ighness: . . E=a
Ao e« e HE E

"
s sy )

(&) (X

Registered Pattern Image

0 ©~100)
High
3 (180 ~180)
195 @5-20)
105 @s5~20)

105 @5-20)

[# Space: (110328, -3.76976)

foom 7958 % [finensity: — L2 Festures /| Blipse
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3. Basic Function

The initial pattern search region is the entire image, and when required to change the search region, press
the “Change Search Region” button.

Search Region

& Origin
i () Center
Chmange Search Region
D |
Width ' Height

The state will change into a state in which the pattern search region can be moved.

Pattarn Registration

Camera Model and Pattern Number
o R e Bty BV PO THM 00y e o ==
nnnnn 6 ms rightness 5 Contrast m y
s ° 2 w0 @ 80 100 Lo 0 1 antred o 1
Yo e e« e FHE ~yre f : :
s s Q || Pl [ somy [ % canct

Registered Pattern Image

[* Space: (230805, 213.217) <[zoom 7958 % [intensity: 160 Fetres,

_ HYUNDAI
39 ) HD rosorics



HRVision 3D-Stereo

Change the pattern search region.

Pattern Registration § 87

Camera Model and Pattern Number

[IEETI (Freme Grabber) GigE Vision: Point Grey Research: Blackfly BFLY-PGE-1352M (15143%69), [Video Format] Generic GigEVision (Mono)

Eporure: = = = = 1o | B ms Bightness: : Contrast: .
Noea e e HE @ < 1 ( %
' Apply Cancel
Average Intensity A e HR. | el bt
= —]
hd .

Search Region
BT © Origin
e w Center

+ JomnKl 15330 JloRgnWl o032
Wiidth | 105433 | Meight | £11.75

Pattern Match Parameter

» om0
LowHigh

o % (1m0

©5~20)

©5~20)

05-20)

[ Space (126789, ae1061 oo % || fiensty &

Pressing the “Apply” button will set the pattern search region.

nsegston Pattern search test g
Camera Model and Pattern Number

ISR (Frome Graboer GigE Vision: Point Grey Research: Blackfly BFLY\PGE-1352M (15143%69), - [Video Format] Generic GigEVision (Mono) m Model 5 =
U J Pattern1 -
: 693 ; ) 05 Contrast 05
A e @ (FHE =) g % = ~
Average Intensity: - Live Display J | r Score;

Registered Pattern Image

Slod || € sme |

Pattern Registration

7|3
B8] | @

1 | Ongin¥ 504 I
Search Region
== ii\ @ Origin
BRI o |
-

Width 1053 Height'| ©1175
Pattern Match Parameter

Threslnﬂ 50 (0 ~100)

Low High
30 30 (-180~180)
BN o5 15 os-20

095 105 (5~20)

B 095 105 @5-20) ‘

J Defauit o set

7] 3 » |/ Pattern Reg

B Pattern search
variable setting

[# Space: (1078.15, -3.76976) -[zoom:7958% [intensty: -

\\
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3. Basic Function

Press the “Advanced Setting” button to set, for example, the pattern detection threshold value.

When the pattern setting is completed, press the “Save” button to register the pattern. Then, press the
“Search Pattern” button to check whether the registered pattern can be searched well.

If a pattern is not registered, the following message window will be displayed.

Question

!E [Model 1. Camera R1-L, Pattern 1] Do vou want to save the pattern before searching the pattern?
.

O EEEE N

In the same manner, perform the Pattern Registration work for four other patterns.

If the pattern registration work is completed for the left.camera, perform the same camera registration
for the right camera.

_ HYUNDAI
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HRVision 3D-Stereo

3.7.2.1. Others: Pattern mask setting method

If pattern registration is performed normally, the searched pattern will be displayed on the screen.

RO @ Q| @ FE] | 0o @

Average Intensity: - [ Live Display

< >

# Space: (303, 7) ~[Zoom: 100,00% [intensity: 74

Press the “Mask Image” button to remove unwanted features.

Pattern Registration

/) <% @
.Setup Pattern Hegionl I

The screen will shift to the menu for setting the mask.

BHG L =R oo | FR]na R ) ) (FEE]
Toal: 7 - | Pencil Color: <2 [Hll] & Apply ” K Cencel
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) HD Rdsorics 322



3. Basic Function

9

To set a mask region, select one among “Rectangle Select,” “Affine Rectangle Select,” and “Ellipse
Select.” In general, “Rectangle Select” is sufficient. However, there will be no problem with selecting
another shape.

KiYbBoo

@ RO« a |« FHE
|

2"
Ic

Rectangle Select
e Select

Pencll
Brush

<
[# Space: (61, -3) - [Zoom: 100.00%  [intensity: —

On the left side of the image, there will be a shape formation to set the mask region. When “Rectangle
Select” or “Affine Rectangle Select” is selected, a rectangle will appear, and when “Ellipse Select” is
selected, a circle will appear, as shown below.

SHE 2B oo W FHROKa |« |FHE
Tool: it~ | Fill Color: 4 ngFill Current Selection | 5 Properties

= &

[# Space: (141, -1) -[Zoom: 100.00%  [ntensity: —

- HYUNDAI
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HRVision 3D-Stereo

Change the size and position of the mask setting rectangle suitable for the region for which the mask
needs to be designated, and then press the “Fill Current Selection” button.

SEEYRE o FEROR QR ([FEFE
Tool: 2+ |Fill Color: _ (] [P%Fill Current Selection || 5 Propertes |

= -

< >

[# Space: (323, -3) -[Zoom: 100.00% [intensity: -

However, the section that needs to be extracted for patterning will also be filled with mask. That is why
it is required to exclude the region that needs to be extracted for patterning by selecting one among
“Rectangle Select,” “Affine Rectangle Select,” and “Ellipse Select” from “Tool” again.

HYUNDAI _
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3. Basic Function

JEE Y RE 0o M FROQ ]| FEFE

[# Space: (51, -3) - [Zoom: 100.00%  [intensity: —

- HYUNDAI
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HRVision 3D-Stereo

Selecting “Ellipse Select” will bring up a circle on the top left on the image.

2 AR N R R : Haq QQ\EI@
Tool: 2~ | Fill Color: _ [l 2Fill Current Selection | 5 Properties

¥ Space: (166,51 ~[Zeom: 10000 % [ntensity: 82

Move the circle to the region that needs to be unmasked. In the menu; select the eraser (“Care (Unmasked)
Pixel Color”), and then press the “Fill Current Selection” button.

BEE Y RE0 - FRIOQ Q| FE
Tool: <+ | Fill Color: [_2] Ml [2Fill Curent Selection | 5 Propertes

<
# Space: (305, -3) ~[Zoom: 100.00% [intensity: -

HYUNDAI ;
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3. Basic Function

The set region will be removed from the masked region.

dEE Y BE LM (FHR]OK]Q QQ\EI@

Tool: i~ |Fill Color: 2| Il | %Fill Current Selection | 5 Properties

v
)

~[Z00mi 100.00°%, | fintensity: 57

¥ Space: (767, 9

”

To unmask a region using a different shape, select one among “Rectangle Select,” “Affine Rectangle Select,”
and “Ellipse Select.” When the unmasking work is completed, press the “Apply” button.

Average Intensity: - [ Live Display

Noe|@ e FHE | Oabpoue @

>

<
[# Space: (1018, 91) ~ [Zoom: 100,00 % Intensity: 200
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HRVision 3D-Stereo

3.7.3. Pattern recognition and 3D position measurement test

Perform the pattern recognition and 3D position measurement work for the registered specific patterns.
Press the “3D” button of the image window, or the “Search” or “3D” button of the “Operating” button.
The pattern recognition region and the recognition result will be displayed on the image window. Review
the pattern recognition result, and then change/add a pattern to set the optimal pattern model.

[E HRVision 30-Stereo v2000) o S|
Y- FICENC RS
‘dl ~ = o6 1

% Ea: 5 ° E o \‘( \| B 7 i | Al Manue
Settings  Colibration | Grab Lve  Bposure | Sesrch 30 | Disp.Option | Losd Pattern BackUpData Databsse —

Stereo Camera Status

Left| (K] (ive | 5] (O] G (0| [Right | (R===] [uive | I E2"] (O (6 [

Process

Meas. Shift ) Ref. @ Meas. Meas. Shift Date  Time Message
1034.340 - 1034.133 = 16-03-20 152808 ([Camera Caml] The image is captured (User Exposure).
. ;:;i;; N 16-03-20 15:2808 [Camera Cam2] The image is captured (User Exposure).
16-03-29 152817  [All Cameras] 3D points are corrected. (0.000sec)

ﬂ 124.930 || 16-03-20 15:28:17 Processing Time: 9.410sec

- = - 16-03-29 15:28:17 Al data are saved to the database. (0.179sec)
Meas P3. e S 16-03-29  1528:17 Fullscreen image is saved. (0.303sec)

1093.186 = - 1093.322| -

423.735 341.529
267.382 - © Raw Corr. 289.159
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3.8. Reference point registration

3. Basic Function

If the 3D position measurement for each stereo camera is completed, register the measured points as the
reference points. Click “Settings — Reference Point” on the operating button.Select the car model in the
“Car Model” panel, and press the “3D” button of the camera corresponding to individual robots. For
example, in order to acquire the 3D position measured from the camera corresponding to robot L1, press
the “3D (L1)” button. Each time the button is pressed, the measured 3D average position and accuracy
will be calculated. It is recommended to perform measurement for 10 times for the accuracy of the
reference car body position. Taking into consideration that the accuracy will be influenced by various
factors, it is recommended to check the external illumination, camera aperture, cable, and registered

patterns again if the =

Pressing the “Save” button will store it as the reference car body.

value is large. Perform the process repetitively for the L2, R1, and R2 robots.

Reference 3D Paint / Hole to Hole Distance

Model Name
HMIL

Reference 3D Points

.

z

X

Y

z

1058.693 -205.849
1058.685  -205.853
1058.693 -205.841

1
2
3
1
5
6
7
]
9

10

410.790
410.758
410.858

1058.742

00|~ |wn| e w |-

10

1058.740

1058.740

-76.387

-76.387

-76.388

411.565
411.571
411.567

Hole-To-Hale Distance

[rore DS I

—
Average 1058.690 | -205.848

410.802

Average

1038.741

+ 0.014 0.018

0.153

0.004

-76.387
0.002

411.568
0.009

z

1116.665
1116.664
1116.662

-101.487
-101.488
-101.488

I 10

421.017
421.022
421.040

1116.459

1116.462

1116.461

-185.877
-185.885

-185.880

421.218
421.208
421.194

-101.488
0.002

Average 1116.664
+ 0.005

421.026
0.036

1116.461

0.005

-185.881
0.012

421.207
0.036

Calculate 3D (P1, P2, P3, P4)
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HRVision 3D-Stereo

3.9. Workpiece coordinate system creation and teaching/transformation
of the operating points

If the registration of the reference position is completed, the robot controller will receive the information
of the reference points and create the workpiece coordinate system.

The operator needs to record the position of the work, which is to be performed by teaching the Hyundai
Robotics robot, into the robot work program based on the workpiece coordinate system.

If there are work points already taught based on the base coordinate or encoder coordinate system, it is
required to change the coordinate system of the robot work program to the generated workpiece
coordinate system by using the record coordinate transformation function of the Hi5a controller.

Refer to the provided sample of the work program for more details.

3.10. Auto Operation

When all the setup is completed, HRVision 3D-Stereo will run automatically.

Click on the “Auto Run” button of operating button. At this time, the “Auto Run” button switches to “Auto
Stop” button so that other buttons cannot be operated.

HRVision 3D-Stereo can only be operated through the PLC and communication with the Hyundai Robot.

wA = ~
! - _
) ( : | E_ |(®® J| Auto
Settings | Calibration Grab Live Exposure Search 3D Disp. Option | Load Pattern BackUpData | Database

Stereo Camera

® . oK Exposure P
) (e ) © 65

® oK Exposure | | gm
=

Exposure Control
User Exp.

Process

- Ref. © Meas. 2 Meas. Shift Date  Time Message
o *i;;‘;; 1232-;1; "ig-ﬁs 16-03-30 090205 [Sentto ROBOT Robotl] OK1
% i Rl 128087 T s 16-03-30 090205 [Received from ROBOT Robotl] SHIFT 1
412.421| +1.603 = 0507 414.530 | +3.273
. 16-03-30 090205 [Sent to ROBOT Robotl] SHIFT 1060.912,-238.583,412.493,0,0,0
Sl 119.519 |MSRZM  61.739 |MOREl 63.626 |NPRZM 123.668 || 16.03-30 09:0205 [Sentto ROBOT Robotl] SHIFT 1068.077,-109.301,414.392,0,0,0
o 20371 IS 20327 || 203339 X 16-03-30 090205 [Sent to ROBOT Robotl] SHIFT 1124.710,-137.658,423334,0,0,0
P3 Meas: Shift P3-PA 84.193 Mis; hift 16-03-30  09:0205 ([Sentto ROBOT Robotl] SHIFT 1119.835,-221.974,422.709,0,0,0
1124.614 | +24.863 K -0.266 1119.646 | +24.301] || 16-03-30 09:0205 All data are saved to the database. (0.188sec)
OK -137.738 | -18.592 -221.783 | -18.293| | 16-03-30 09:0205 Fullscreen image is saved. (0.363sec)
423.266 | +2.627| @ Raw © Cor. 422.742| +1.834
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