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1. Introduction HRVision(2D) Function Manual
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1.1. About HRVision (2D)

HRVision (2D) is vision software for robot guidance based on the PC for Hyundai robot and Hyundai
Hi4a controller.

HRVision (2D) provides color graphic operating buttons and intuitive user interface so that it is
convenient for the user to operate. With the data communication protocol for Hyundai robot controller
installed, any Hyundai robot controller user can easily use this software.

Also, by applying the pattern recognition method using multiple pattern addition and geometric shape
information, the work piece can be located in 2-D and rotation information quickly and accurately
measured even in an environment where the light condition is unstable.

HRVision (2D) is the optimal tool to execute the 2-D location recognition work easily and stably when
apply the work piece handling using the Hyundai Robot.

HRVision (2D) provides the following convenient functions.

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

Simple operation button.

Multiple pattern You can add multiple numbers of patterns for one model and enables various
support pattern addition depending on the light and surrounding environment.

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

Geometric pattern
score

You can easily set and manage various types of data including camera

calibration, pattern addition, communication setup etc. by using the tool by
Tool function each function.

Additionally, with the data communication protocol installed for Hyundai Robot

controller, the interface with the Hyundai Robot is simple.

You can monitor process sequence, communication sequence with Hyundai
Monitoring function | 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.

/ HYUNDAI 12
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1. Introduction

1.2. System Configuration

The following figure is a simplified diagram of the vision system for robot guidance using HRVision
(2D). The vision system for robot guidance is composed of the robot system part and the vision
system part. The vision system is composed of the hardware including PC, Frame Grabber, camera,
lighting device etc., and the software of HRVision (2D).

The user can use the HRVision (2D) program to set and operate the vision system, communicate with
Hyundai Robot using the exclusive Hyundai controller communication protocol. Hyundai robot
executes the logistics handling work depending on the location recognition result of the vision system.

HHI Robot Camera & Light PC based Vision System
- ~
D = ==

STMASHONT ANYIH IVONMAH Y

®.

Robot Controller
\

Workpiece 5 .m

RS-232 Or Ethernet
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1.2.1. Hardware Configuration

The recommended H/W of HRVision (2D) is as follows.

H/W Item Recommended specifications
CPU Pentium 4 2.8 GHz or above
(01] Windows XP
PC RAM 1GB or above
HDD 80GB or above
CD-ROM X48
Lighting Light 3 way florescent light
Frame Grabber 8100LVX (Cognex)
Camera XC-ST50 (Sony)
Vision system
Lens ML-0614 (Moritex ) : Can be modified depending on usage
Cable 10~15m

If you would like to use HRVision (2D) by adding multiple numbers of patterns, use a PC with high
performance CPU and sufficient memory.
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1. Introduction

The detail specifications of the installed vision system are as follows.

Model name

MVS-8100

XC-ST50

ML-0614

Exterior

Specifications

High speed Frame Grabber

Channel : 1

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

Connection method:RS170, CCIR

1/2 slot PCI

Memory: Line Buffer

1/3"IT CCD
768(H)x494(V)

C - Mount

DC 12V(+9~16V)
44(W)x29(H)*57.5(D) mm

Focal Distance : fémm

Focus : F1.4~close

Field Of View (VxH) : 43.4°x56.7°
Closest Distance : 0.2m

Filter Screw Diameter (mm) :M27.5 P0.5
Weight : 57g

CCTV Camera: 1/2", 1/3"

Mount : C-mount

5 / HYUNDAI
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1.2.2. Software Configuration

The software is composed of VisionPro 3.5 and HRVision (2D).
VisionPro 3.5 is a software that provides the driver for Cognex Frame Grabber and various application

tools.
HRVision (2D) is a vision software for robot guidance based on PC of exclusively Hyundai Robot, and

can only be used after installing the program and adding the license.
1.2.2.1. VisionPro Installation
End all application softwares on the system.

Insert the installation CD of VisionPro into the CD-ROM drive. If it is not automatically executed,
execute the setup.exe file among the installation files.

% Butorun.inf 1KB
i3/ Cognex Frame Grabber Drivers, msi 7.887KB
j5) Cognex VisionPro Documentation, msi 39.310KB
§5) Cognex VisionPro(R) 3,5 msi 4.047K8
@2 Datal,cab 76,783K8
i3 dotnetfx.exe 173K8
Hlinstmsiw, exe 1.780KB
513 Scriptd, Msi BI7KB
[FLaunch Cognex Frame Grabber Drivers,m,., 1KB
[F]Launch Cognex VisionPro Documentation,,, 1KB
[£] readme, txt 1KB

: 220KB
% Setup,ini ’ 2KB

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

i Cognex YisionPro(R) 3.5 - InstallShield Wizard E|

i¥ Cognex VisionPro(R) 3.5 - InstallShield Wizard
Welcome to the InstallShield Wizard for
Cognex YisionPro(R) 3.5

The InstallShield(R.) Wizard will install Cognesx YisionProlR) 3.5
on your computer, To continue, click Mext,

Please make sure that vou have exited all ather running
applications before installing.

VIS

WARMING: This program is protected by copyright law and
international treaties,

Mext > [ Cancel < Bark | hext: | [ Cancel

/ HYUNDAI 6
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1. Introduction

Agree to the license use as follows and select the language.

% Cognex VisionPro(R) 3.5 - InstallShield Wizard

ii? Cognex VisionPro(R) 3.5 Setup

License Agreement

Please read the following license agreement carefully,

COGHNEX CORPORATICHN SOFTWARE LICENSE AGREEMENT

1. DEFINITICH

Software as used in this Software License Agreement
("Agreement'")] shall mean any software product licensed
by COGNEX in such form as is designated by COSMNEE in its
product description for such software product, and any
modifications, improvements, or updates thereto provided
to CUSTOMER by COGNEX.

a T TAEMET b

(1 accept the kerms in the license agreemer

()1 do not accept the kerms in the license agresment

[ < Back " Mext = ] [ Cancel ]

VisionPro{R) Language

Select WisionProfR) language

Select visionProfR) language:

Enalish

O Japanese

[ < Back ][ Cancel

Mext = J [

Enter the user information and select the installation type as shown below.

i Cognex VisionPro(R) 3.5 Setup

Customer Information

Please enter your information.

User Mame:

Organization:

1Hyr|dai Heavy Industry

Install this application For:

(=) aryone who uses this computer {all users)

() Only for me (user)

[ < Back " Mext = ] [ Cancel ]

Setup Type

Choose the setup bype that best suits your needs,
Please select a setup typs,

(®Development:
All development Features will be installed. {Requires the most disk.
space.)

O Custom

Choose which program features you wank installed and where they
will be installed. Recommended for advanced users.

[ < Back ][ et > J [ Cancel ]

Follow the direction and the Cognex VisionPro
automatically installed.

Installing Cognex YisionPro Documentation

The program features you selscked are being installed,

Please wait while the InstallShield Wizard installs Cognex VisionPro
Documentation. This may take several minutes,

Status:

Documentation and Cognex VisionPro(R) will be

i Cognex VisionPro(R) 3.5 - InstallShield Wizard

Installing Cognex YisionPro{R) 3.5

The program Features you selected are being installed.

FPlease wait while the InstallShield Wizard installs Cogrex YisionProfR) 3.5,
This may take several minutes,

Status:

senerating script operations for action:

( ]
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When the VisionPro3.5 is installed, it installs the Cognex Frame Grabber driver.

% Cognex VisionPro(R) 3.5 - InstallShield Wizard Cognex Frame Grabber Drivers - InstallShield Wizard ['X|

wWelcome to the InstallShield Wizard for
Cognex Frame Grabber Drivers

Installshield Wizard Completed

The InstaliShield{F) Wizard will install Cognesx Frame Grabber

The InstallShield Wizard has successfully installed Cagnex
Drivers on your computer, To continue, click Mext.

VYisionProfR) 3.5, Click Finish to exit the wizard.

Launch Cognex Frame Grabber Installation. WARMIMG: This program is protected by copyright law and

international treaties,

[ et > | [ Cancel

License Agreement k Setup Type ‘
Please read the following license agreement carefully, - | Choose the setup bype that best suits your needs, = |
Please select a setup typs,
COGNEX CORPORATICHN SOFTWARE LICENSE AGREENENT ~
1. DEFINITION ©Drivers
Software as used in this Software License Agreement All drivers will be installed.
["higreement™) shall mesn any software product licensed

by COGNEX in such form a&s is designated by COGNEX in its
product description for such software product, and any

modifications, improvenments, or updates thereto provided Ol:ugtom

to CUSTOMER by COGNEX. Choose which program features you wank installed and where they
will be installed. Recommended for advanced users.

R G

(T accept the terms in the license agresment

(1 do not accept the terms in the license agreement

[ < Back, “ Mext = ] [ Cancel ] < Back " Mext > 1 [ Cancel

When the driver installation is complete, restart the computer.

% Cognex Frame Grabber Drivers - InstallShield Wizard i Cognex Frame Grabber Drivers - InstallShield Wizard DZ|

Installing Cognex Frame Grabber Drivers Installshield wizard Completed

The program features you selecked are being installed,

Flease wait while the InstalShield \Wizard installs Cognex Frame Grabber

it e The InstallShield Wizard has successfully installed Cognesx

Frame Grabber Drivers. Click Finish ko exit the wizard,

Status:

/ HYUNDAI 8
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1. Introduction

When you follow the direction, the software installation related to Cognex Frame Grabber will be
completed. If VisionPro 3.5 is not installed, and you try to execute the HRVision (2D) program, the

following warning window will appear. The user checks whether “C:\Program Files\Cognex\VisionPro”
is installed and reinstalls the program.

HRVision(2D) Ver 1.1.5

@ Required environment variable YPRO_ROOT nok set,

1o / HYUNDAI
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1.2.2.2. HRVision (2D) Installation
HRVision (OCV) installation procedure is as follows.

Close all application softwares on the system.
Insert the installation CD of HRVision (2D) in the CD-ROM drive and execute the “Setup.exe” file
among the installation files.

Mame Size | Type Drake Maodified
ﬂ Setup.exe 4,579 KE  Application &/7/2006 10:09 AM

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

HRViston

<% Installation of HRVision

This will install HRVision on your computer.

Itis recommended that you exit all other programs
before proceed with installation.

Click <Next> to continue installation,
Or, click <Cancel> to cancel installation.

/ HYUNDAI 110
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1. Introduction

The HRVision (2D) execution files are copied to the “C:\Program Files\HHI Robotics\HRVision” folder
and the user cannot change directory arbitrarily.

=% Installation of HRVision =% Installation of HRVision
HRVision will be installed to following folder. Installing HRVision.
Click <Install> to begin installation to following folder. Click <Abort> to abort installation.
A Space needed: 11,975KBytes A
Installing to:
HYUNDAI HYUNDAI C:\Program Files{HHI Robotics\HRVision
VEAGY NDUSIES .10, NEAGY INDUSTRES G001

Installing item:
System updates...

Install folder

Progress:
C:\Program Files\HHI Robotics{HRVision
100%
| cancel

The program is restarted after copying the files.

Installation of HR¥ision

@ ,  Tocomplets installation, system must be restarted.

Restart system now?

When the restart process is completed, the following window appears. The installation of HRVision
(2D) program is completed.

¢ Installation of HRVision

Installation of HR¥ision completed.

HYUNDAI

HEAVY INDUSTRIES COLLTD,
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1.3. HRVision (2D) Execution

To execute HRVisio

B Method 1

n (2D), use one of the following methods.

1) Click on the Start.

2) Select

Rhpr

=

<« | Windows XP Professional

L™
W
.

B Method 2

BE Q

= o

HRVision as follows.

I Accessories

i@ AcroSaft

Programs

v w

Documents ’uﬂ Games
oot ’:i@ HHI Robatics
ettings |

fE HRYision

3 l@ Microsoft Wisual Basic 6,0 »
l@ Microsoft Web Publishing — »

Help and Support @ Startup g

é Internet Explorer

_:\“ MSM Explorer

Search

Run...

Cutlook Express

Log OFF Administrator . ..
Remoke Assistance

[==
Turn OFf Cornputer. .. @ Windows Media Player

Windows Messenger

o
p= |

Double click on the HRVision icon on the desktop.
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To use HRVision (2D), you must enter the license key.
You cannot execute any work in the condition without the license key entered.

2.1. HRVision (2D) License

To use HRVision (2D), 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 (2D) 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 (2D) installation, execute the HRVision (2D) 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.

HBRVision Ver 1.1.1

T‘j & board might be missing or not be functioning properly,
L3

Prass [E21] to exit,

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.

Begistration

Serial Number ? E

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.

HRVision Ver 1.1.1

Incorrect License Key 111, )
!E Please contact a provider for the license key

Press [Z21] ta exit,

Because the license key is saved in the Windows registry, you only need to enter it once and do not
need to enter it again.

But when you uninstall HRVision (2D) 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.
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3. Basic Function

=

HRVision(2D) Function Manual

3.1. Screen Configuration

HRVision (2D) supports Korean and English, and the language can be changed in the Option tab of
setup mode when the program is running.

3.1.1. Splash Screen

When the serial key is entered accurately after executing the program, the following splash screen will
be displayed to execute the HRVision program.

Version
information

HRVision | Copyrights© 2005 Hyundai Heavy Industries Co., Ltd. All rights reserverd

If the language of HRVision is set to English, the version information will be displayed in English like

/ "HYUNDAI
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3. Basic Function

3.1.2. Main Screen Configuration

The screen of HRVision (2D) is composed of 6 windows and is displayed in 2 screens depending on
the “Result display/Vision setup”. The following picture shows you the result display screen
configuration during inspection and auto operation.

~ HR ¥ision VI.1.|

AHYUNDAI = | # & & v e [Operating buttonJ
HEAIYINDUSIRIES Co.tm Live Grab Single Loop Tools Exit Auto Run —
S N
( e
[ image windog ] Mosei1 | Nene | Resultwindow ]
I sl wla) @ Search Results: | SUCCESS ) <
Search Pattern : 1 ] [,
Score[%] \ 9.81 2
X-Offsetimm] : | -0.01 v
Y-Offsetimm] : | 0.01 p -~
=y
T-Offset[deg] : | :
Search Results ==
[Detail result output windowJ
D
e
v Match Region ¥ Match Features %
Scale X ; 1.0 Scale Y 1.0 Score: A :
t8pass 1637, 250) > Zeorc 100CC% | I9snoty: 0 X[Pixel] : 33299 YIPixell 15398 Angle:[ 00 N
=
A | ]
R€-232C Communication Statue Display Processing Results (Monitoring window]
[Success : 20060104 27 10:31.40 B\
Input @ Manual Success : 20060104 22 10:31:42 m
@ AutoRun Success : 20060104 2 10:31.44
@& oK Success : 20060104 =M 10:31:46 m
Success : 2006-01-04 21 10:31:49
out e L LoopRun Tast End. : 2006.01.04 2 10:31:51
& Connect Success : 20060104 5 10:31:51

The following picture shows the screen configuration of HRVision (2D) changed to setup mode by
clicking on the Tools (Setup) button. With the setup mode, you can setup the vision and manage files.
Access is only possible after logging in. The setup window password is notified to the user at the time
of purchase for the license of HRVision (2D). The user logs in and changes the password in the option
(Option) tab of setup window. Refer to [3.7.5. Option (Option)] tab.

For the setup mode screen, the result output window and detail result output window disappears in the
result display screen and the setup window is added for arrangement.
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@ HR Vision V. 1.1 [HEE

Wi = o 3 o -
AHYUNDAI & ‘ & _ [Operatlng button]
HEAUY INDUSTRIES CO.LTD: Dlsplay Ex|t
\ 7
[- ) [Model| Calib = Train | Comm Detail ' Cption ) ’
-
efup Mode Image window Model [ Setup window ]
MedelNe  : |Model 1 7 -
Model D : |Nene [T c
Camera No : [Camera 1 e E
File Manager >
==
e . >
Load Save i
.
L TSpara IC2.00] T Zeom: 100.C0% Itenshy 0 C
fis n Y m-
RE-232C Communicatian Statue Display Processing Results Monitoring window]
Input @& Manual
o @ Auto Run m
@ ok w
Oout @ NG
@ Connect

The key function of each window is as follows.

This provides the operating buttons to operate HRVision (2D) including grab

Operating button . . . . :
image, inspection, various setups, auto operation etc.

Image window | This displays the current live or grabbed image.

Monitoring This displays the communication details with the Hyundai Robot, various status
window display, progress details etc.

Result output This displays the detected results of inspection/continuous inspection and auto
window operation.

Detail result  This displays the detail results of the searched patterns of inspection/continuous
output window |inspection and auto operation.

When you click on the Tools button of the operating button, this window appears

SRR e T which executes all setups to process the image.

/ "HYUNDAI 3-4

HEAVY INDUSTRIES CO.,LTD.



3. Basic Function

3.2. Operating Button

As the button operating the key function of HRVision (2D), each function is as follows.

Ve bulda berer fe ey f -3 -'ﬁ 18
AHYUNDAI - 2 s : .
HEAVYINDUSTRIES CO,LID Live Grab Single Loop Tools Exit AT

m Live (Continuous image)
This displays continuous image from the installed camera.

B Grab (Grab image)
Every time you click, it captures currently shown image.

B Single (Inspection)
When the pattern is added, it executes the pattern recognition work once from the currently
shown image.

B Loop (Continuous inspection)/ L-Stop (Stop inspection)
This is a toggle button that when you click on this button, it becomes L-Stop (Stop inspection)
and when you click again it becomes Loop (Continuous inspection).
When the pattern is added, the pattern recognition work is executed for the input image until
L-Stop (Stop inspection) is clicked.

B Tools (Setup) / Display (Display)

This is a toggle button that when you click on it once, it becomes Display (Display) and when

you click again, it becomes Tools (Setup).

- Tools (Setup): You can set the model to execute image processing, camera calibration,
communication, other data files etc.
The setup mode is set so that only the administrator can access the functions. Refer to
3.7.5. Option (Option) tab on how to change the password.

- Display (Display): This displays the pattern recognition result and location movement.

m  Exit (End)
This ends the program.

B Auto Run(Auto operation)/Auto Stop (Auto cancel)
This is a toggle button that when you click on this button, it becomes Auto Stop (Auto Cancel)
and when you click on this button again, it becomes Auto Run (Auto operation).
In accordance with the communications standard with the robot, until Auto Stop is clicked
Auto Run (Auto operation) will be executed.
In order for Auto Run to operate normally, the pattern addition, camera calibration,
communication setup with robot and robot work program preparation must all be completed.
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3.3. Image Window

Image window is a window to display continuous image or currently grabbed image.

(T | (AN display window)

#Space: (00, 0.0) v [Zoom 100002 | Intensity 0

IR

@ @@ & @ B 6 0 ®

Within the image window, there is the mode display window that shows you all the currently executed
modes, and the operating tool mode that will help you efficiently view the grabbed image.

HRVision (2D) has largely 3 modes, the manual mode, the run mode and the setup mode, and the
setup mode has 6 modes, model setup, calibration, train, communication setup, DIO and option.

The function by each button of image operating tool is as follows.

@ Mouse point

@ Move

® Zoom in

@® Zoom out

® Fit to window

® Expand 100%

@ Display grid (Can be seen when expanded)

Display sub pixel grid (Can be seen when expanded)
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3.4. Monitoring Window

Monitoring window can be divided into 3 parts, communication details with robot and HRVision (2D),
status display and work progress status.

RS-232C Communication Statue Display Processing Results

Manual
Auto Run
OK

NG
Connect

Input

Out

(o X LX)

B Communication monitoring
The details of the communication with Hyundai Robot are monitored.
- Input: It displays the input data from Hyundai Robot to PC.
- Output: It displays the output data from PC to Hyundai Robot.

If the system is connected to the Hyundai Robot via Ethernet, the description of the
communication monitoring window can be set as follows.

Ethernet Communication

B Condition display
It displays auto/manual run condition, OK/NG recognition status, communication connection
etc. with LED.

- Manual: LED is turned on green for Manual Mode.

- Auto Run: LED is turned on green for Run Mode

- OK: When pattern recognition is successful, LED is turned on green.

- NG: When pattern recognition is unsuccessful, LED is turned on orange.

- Connect:
When connected to Hyundai Robot via RS-232 or Ethernet, LED is turned on green. In
case of a communication error, the LED is turned on red.

B Progress status
It displays the work in progress by HRVision (2D) in order.
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3.5. Result Display Window

It displays pattern recognition and location calibration result during manual inspection and auto run.

Detection Infomation

| Model 1 | None
Search Results: | - @
Search Pattern : _
Score[%]

X-Offset[mm]
Y-Offset[mm]
T-Offset[deg]

The details of each item are as follows.

®  MODEL information: It displays the model name and ID of the pattern recognition process.

B Search Result:
It displays the pattern recognition result in SUCCESS/FAILURE. For SUCCESS, the green
LED is turn on and for FAILURE, the red LED is turn on.

B Search Pattern : It displays the result and number of search pattern.

B Score: As the result of search pattern, it displays the score in percentage.

B X-Offset : As the result of search pattern, it displays the offset in X axis direction of the robot.

B Y-Offset : As the result of search pattern, it displays the offset in Y axis direction of the robot.

B T-Offset : As the result of search pattern, it displays the offset in Z axis direction of the robot.
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3.6. Detail Result Display Window

It displays the detail results of image processing.

Search Results T

~ Match Region ¥ Match Features

Scale X : Scale Y: Score:
X[Pixel] : Y[Pixel]: Angle:

The detail description of each item is as follows.

B Match Region :
When this checkbox is checked, it displays the search window area when executing pattern
recognition.

B Match Features :
When this is checkbox is checked, it displays the matched features when executing pattern
recognition.

B Scale X : As the result of search pattern, it displays the changes in X axis direction.

B Scale Y : As the result of search pattern, it displays the changes in Y axis direction.

B Score : As the result of search pattern, it displays the score in a decimal between 0 and 1.

B X(Pixel) : As the result of search pattern, it displays the X coordinate of the image.

B Y(Pixel) : As the result of search pattern, it displays the Y coordinate of the image.

B Angle:
As the result of the search pattern, it displays the rotation angle of the image coordinate.
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3.7. Setup Window

You can use the setup window after clicking the tools of operating button and logging in successfully.
When the setup window appears, the result display window and detail result display window
disappear.

The setup window is composed of total of 6 tabs, and each component is as follows.

3.7.1. Model (Model) Tab

This mode sets the camera and model to add the pattern and manage the reset file.

"Model| Calib | Train | Comm] Detail | Option
Model

Model No. : |Model 1 -
Model ID  : None
Camera No. : (Camera 1 &

File Manager

EER AN
Load Save

B Model No.: It sets the model to add the pattern.

B Model ID: It sets the model name.

| |Q button: It saves the entered model name.
B Camera No.: It sets the camera to execute image process.
B When you click on the ﬁ button, the following camera setup window appears.

Check the Frame Grabber installed on the PC, and set the camera, resolution and camera
port to use.
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wm Camera Setup

VAR T RIS ]
Settings l Strobe & Trigger I Lightingl Region & Sync Model ] Lookup Table ]
Computer Marme: Frame Grabber:
[l | || Cognex &100M -]
Wideo Format: Eamera Part
[Seny =C75 E4Mk450 =11 E— [ﬁc amera port
B s
Decide camera and ! D2 =
resolution to use 0h |
Conbrast: 05 ;e
v Timeout: 'IEIDEI]%' iR
Serial Mumber PO 510880
i Fifa Shatizti —
e ™ Show Fifo Stats
Eluish Fifo Completed: 1 : -5
L Faied 0 Update Interral mgu—ﬂ me
Reset Stats I hlizzed: 0 Fending: Ready:
Manual
| 7922Fms | 84 324me

Load: Load the data file.
Load the HRVisionQ_init.vpp data file (Change the file name depending on the version)in the
“C:\Program Files\HHI Robotics\HRVision” folder.

Save: Save the data file.
Save the HRVisionQ_init.vpp data file (Change the file name depending on the version)in the
“C:\Program Files\HHI Robotics\HRVision” folder.
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3.7.2. Calib (Calibration) Tab

This mode executes the camera calibration to align the image coordinate and camera coordinate.
HRVision (2D) executes the calibration using the following calibration board.

The calibration board is the form of setting the circle with a diameter of 24mm at the corners of a
square with a length of 150mm. Refer to the “2D calibration board.dwg” file in the installation CD. Here
the 4 circles are called the calibration points, and the calibration work is executed by teaching the
central point of this circuit from the image coordinate and the location from the robot coordinate.

24mm
<«

(D
\3/

150mm
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Model | Calibi | Train | Comm] Detail | Option
Status
Model 1 L@ Uncalibrated ()
X Lock
Calib Points
Image Coord World Coord =
[ Image coordinate ] [Pixel] [mm] I (O]
Pt || 0, o[ 0. 0|zl |®@
Pz || o[ s 150, 0|3 |®
[P3 |[ 150, 150 (| 150, 150@ @
[Pa | 150, o|| o 150|353 |®
Test(| 427.| 401 0, 0 [ Robot teach ]
Coordinate [Coordinate: A-Type(0 Deg) -~ §oodina
direction setting g
- AllCalib  |Model 1 Load -
i
Setup Input Calibration

The detail description of Calib tab is as follows.
W Status: It displays the model, calibration form, whether there is calibration etc.
- Model: It displays the model executing the calibration.
- Calibration form: It displays the coordinate direction executing the calibration according

to the coordinate (coordinate direction). There are 4 types of coordinates (Coordinate
direction), and the shapes are as follows.

Direction| A-Type (0 Deg) | B-Type (90 Deg) | C-Type (180 Deg) | D-Type (270 Deg)

- Calibration condition: It display whether the calibration is executed or not as shown

below.
Condition Screen Description
Before calibration Uncalibrated Calibration is not executed.
After calibration Calibrated Calibration is executed.
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Lock button: This locks all buttons related to calibration.

~~

a

Lock

Calib Points (Calibration point setup)

Enter the image coordinate and robot teach data for the Calibration Points.

Click on the setup (image setup) button to setup the location of calibration points in the image
coordinate by executing pattern recognition.

Directly enter or setup the X and Y location of each calibration point for the location of the

2
calibration points in the robot coordinate, or click on the "_ﬂ button to automatically receive
the input of the pose data of the robot.

="
”_D button: It automatically reads and displays the pose data saved in the robot.

@: It receives the Pose 901, Pose 902, Pose 903 and Pose 904 data of Hyundai Robot
controller in order with an interval of 1 second, and displays the P1, P2, P3 and P4
robot teach coordinate.

@: It receives the Pose 901 data of Hyundai Robot controller and displays the P1 robot
teach coordinate.

@: It receives the Pose 902 data of Hyundai Robot controller and displays the P2 robot
teach coordinate.

@: It receives the Pose 903 data of Hyundai Robot controller and displays the P3 robot
teach coordinate.

®: It receives the Pose 904 data of Hyundai Robot controller and displays the P4 robot
teach coordinate.

But, the coordinates on which each calibration point is taught must be saved in the pose
parameter of the controller, P901, P902, P903 and P904, and the robot work program must be
prepared to automatically transmit this pose data. Refer to 4.3.1.2. POSE data communication

setup for detail setup.

B Test

When the calibration is executed, the image coordinate location of the current mouse position
and robot coordinate reference location are provided as output.

Coordinate (Coordinate direction)

Setup the coordinate axis direction of calibration.

When you select the combo box, the direction changes to fit the coordinate axis direction of
the selected picture of the status window.

|A-Type(0 Deg) -
AT
B-Type(90 Deqg)
C-Type(180 Deg)
D-Type(270 Deg)

All Caib (Applies to all calibration data)
When you select check the checkbox, the same calibration data is applied to all the models.
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When you uncheck the checkbox, you can copy specific calibration data or calibrate
applicable models separately.

Setup (Image setup)
When you click on this button, it toggles between Search and Setup. When you c lick on
Setup, the search window and the coordinate axis of each search window are displayed.

Appropriately arrange 4 rectangles to recognize the 4 calibration points and arrange the
coordinate axis at the center of each calibration point. For details, refer to 4.4.2.4.1. Image
coordinate setup.

When the arrangement of each search window and coordinate axis is completed, click on the
Search button.

If the search process fails, the failed calibration point is provided as output in the following
window. Retry the setup and search process so that the failed calibration point can be easily
distinguished.

HRVision Ver 1.1.1

t} Calibration Pattern 1 ¢ Mot Trained!
L]

Input
When you have directly entered the calibration points or copied specific calibration data, it
functions as data entry to the actual memory to execute the calibration.

Calibration

When the image coordinate and robot coordinate of calibration points are entered, click on
this button to execute the camera calibration. If the RMS value of executed calibration is
lower than the RMS Error Limit, the following window is provided and the camera calibration
is completed. Refer to 3.7.5 Detail tab for RMS error limit setup.

HRVision Ver 1.1.1

‘i) The RMS error value for this calibration is 1, ¥7563424635465

If the RMS error is higher than the RMS Error Limit, the following warning window is
generated. Reset the image coordinate and robot coordinate to execute the calibration again.

HRVision Ver 1.1.1

) The RMS error value for this calibration is 8,06332584629923,
M Please retry again,
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3.7.3. Train (Train) Tab

This manages (Add/Modify/Delete) the pattern by model and executes the training function.

Model | Calib | Train | Comm | Detail | Option

Model
Model :| Model1 (| None )
Camera :| Camera1  Window : W1

Train Parameter Control

Accept Thres I_J_ ’m ’W
fndld <1 )
Scale Low r J— m &
il e
Elasticity | — © 30

Contrast Thres | ™ W

Brightness 0 %
Image Contrast 0 Tool
~ Ignore Pattern Polarity

™ Score PM Results using Clutter

Test :
Pattern : @3
Scale X : ‘ Scale Y : | Score: |
Xoff[mm]: ‘ Yoff[mm]:| Angle: |

H  Model
The model name, model ID and camera information set in the model tab are displayed.
- Window: When adding the pattern, it displays the ID of used window.

B Train Parameter
Use this parameter to train the pattern.

- Accept Thres : This sets the score threshold for pattern recognition.
- Angle : This sets the angle range that can be recognized.
- Scale Low : This sets the minimum change that can be recognized.
- Scale Hi : This sets the maximum change that can be recognized.
- Elasticity : This sets the specifically permitted change in pixel.
- Contrast Thres : This sets the minimum contrast threshold value for pattern recognition.
- Brightness : This sets the brightness of the image.
- Image Contrast : This sets the image contrast.
- Ignore Pattern Polarity: This ignores the pattern polarity.
Pattern Polarity : Brightness change trend of pattern characteristics.
- Score PM Results using Cluster :
This executes the pattern score by using irrelevant or scattered characteristics.
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m  Control
Execute the work to add/modify/delete/search the pattern.

Currently selected pattern/Total

number of pattern

Prior pattern Next pattern

You can select specific patterns from the whole pattern.
For example, [ 2/5 ] means that you have selected the 2 pattern among total of 5 patterns.

®  Add/Mod
When you click on this button, it toggles between Training and Add/Mod.
You can add the pattern, modify the added pattern or train the pattern.
When you click on the Add/Mod button, the following window appears. Click on Modify, Add
or Cancel depending on the purpose.

Pattern Training

Pattern Modification or Creation?

Add | Cancel I

When you click on the Add button, the search window and coordinate axis are displayed in
the image window.

Arrange the search window and coordinate axis in the pattern area to add and execute the
pattern addition process.

Modify button modifies the added pattern. If you have click on the Modify button without any
added patterns, the following warning message will be displayed.

lE Please reqgister patterns first,
L

B Search
Use the added patterns to execute the pattern recognition work.
Even when multiple number of patterns are detected, the pattern with maximum score will be
displayed.
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H  Tool
This calls the PATMAX tool provided from Cognex.

ﬁ' Edit PatMax Settings

b o T o]t ] k| 2

Train Params | Trsin Fegion & Origin | Run Patams | Search Region | Graphics | Resuts |

[Cunent Inputimage

Paitemn Alaarithr:

Pattax & Patuick |

Train Mode:

[image |

¥ lgnore Polarity

T ] A ‘

N
Load Patten Save Patten

Infa: {Pattemn was hrained successiully

rained

@ | 263.24ms | 263.24ms

B Delete
When you click on this button, the following window appears. When you click on the Y button,
the added pattern will be deleted.

Pattern Deleting

"'?r'/ Do vou want to delete1/1Pattern?

oy |

B Test (Detection results)
Detail detection information is displayed for Training and Search process.

- ﬁ button: This resets the pattern count.

- Pattern : This displays the detected pattern number.

- Scale X : This displays the X axis direction size ratio of recognized pattern.

- Scale Y : This displays the Y axis direction size ratio of recognized pattern.

- Score : This displays the score of detected pattern between the value of 0 and 1.
- X-Offset : This displays the location offset in X direction.

- Y-Offset : This displays the location offset in Y direction.

- Angle : This displays the rotating angle based on the Z axis of the robot.
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3.7.4. Comm (Communications) Tab

This sets the communication method with the Hyundai Robot controller.
You can select one between the RS-232 communication and Ethernet communication.

RS-232 Ethernet
Model | Galib | Train [iComm{ Detail | Option Model | Calib | Train |Comm| Detail | Option
Connection Preferences
Port :[Com1 -| pataBits :|g E
Maximum Speed Parity INone -~
38400 - Stop Bits  :|1 =
o b i
’7 Host :,HHIi
IP :110.8.4.92
Port : 2000
| Cancel | Send | Cancel | Send

When you click on each communication method, it is activated and the color changes to the
following color.

When deactivated, the color changes to gray and you cannot set the internal parameter.

Communication

Activated Deactivated
method
RS-232 S >
= R5-232 - RS-232

Ethernet %T- %
sethernet Soethernet
B RS-232

It communicates with the Hyundai Robot controller with the RS-232C serial communication
method.

- Port: This selects the communication COM port.

- Maximum Speed: This sets the communication speed.
- Data Bits: This sets the data bit.

- Parity: This sets the parity bit.

- Stop Bits: This sets the stop bit.
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B Ethernet
- HOST : Enter the host name to connect.
- IP : This sets the IP address of the server to connect.
- Port: This sets the port of the server to connect.

®m  Connect
This executes the communication connection with the Hyundai Robot controller with the
selected communication method.

B Cancel
This cancels the connected communication.

B Send
To check the connection with the Hyundai Robot controller, this sends the character string of
“Connected” to Hyundai Robot controller.
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3.7.5. Detail (Detail) Tab
This mode sets the various detail parameters.

®  Shift Data Limit
This sets the permitted limit of the shift movement (X, Y, ThetaZ) to transmit to the robot
controller.
Enter the permitted range for the X, Y and ThetaZ, and click on the Shift Limit Set button for
the setup.

B Offset Data
Change the location shift by the offset data (X+/X-, Y+/Y-, ThetaZ) to transmit to the Hyundai
Robot controller.
Enter the shift to X+/X-, Y+/Y- and ThetaZ, and click on the Offset Data Set button for the
setup.

B Camera Calibration
RMS Error Limit: Set the RMS error limit to execute camera calibration.
Enter the permitted value in decimal format in the edit window and click on the Set button.
Execute the camera calibration for the RMS error within the entered permitted value. When it
exceeds the permitted value, a window appears to re-execute the calibration.

Model | Calib | Train | Comm| Detail | Option

Model :| Model 1

Shift Data Limit

X{mm} Y{mm) ThetaZ(Deg)
| 50 | 50 | 45
Shift Limit Set

Offset Data

X+(mm) Y+{mm) ThetaZ(Deg)
[ o |0 |0
X-(mm) Y-(mm)

[ o |0

\
Offset Data Set

Camera Calibration

RMS Error Limit : 1 Set
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This mode manages the error and searched data, password and language change etc.

Model | Calib | Train | Comm] Detail |Option:

Management

v

Error History

Data History

Change Password

S

Language
~ Korean

I AutoFileLoading

= English

Select

B Management (Data/Password management)
This manages the error, data record, user password change, reset file auto loading setup.

Error History

It manages the error record that occurs during Auto Run.
The error database is composed of Occurrence Time, Error Name and Reference, and
managed in the ErrorDB.mdb file in the “C:\Program Files\HHI Robotics\HRVision”

Search Duration

From: |EUDB—U]—20 j

|SE§ 3:45:34

To :|2008—Dl—20j

v Save Error Database

|2§ 34534

v Save Error Image

Search

Excel File
OK

[Occurrence _Time

[Errot_Mame:

[Reference

* |

< |

-

- Search Duration: This sets the search duration.
Initially this sets the time to execute HRVision (2D).

- Search: This searches the error history that satisfies the search duration set.
The search result is displayed in the data grid.
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Below picture is the result of the error history search by setting the search duration.

Search Duration

From:|EDDE-Dl-IDLJ |9E 5 R

To

: |2nns—m-n LJ |sz$

36835

Excel File
OK

v Save Eror Database W Save Error Image

Occurrence_Time Error_Marme Reference
» [2005-07-T0 = w0920 [Recognition Failure odel 1

2006-01-10 2= 5:09:24 [Recognition Failure fodel 1
2006-0T-10 2= 5:05:25 [Recognition Failure fodel 1
2006-01-10 2= %09:32 [Recognition Failure fAodel 1
2006-01-10 2= 5:09:36 [Recognition Failure fodel 1
2006-0T-10 2= 514156 [Ethernet Comm. Error [AIZE Z0HCFTEF 25

*

[«

Excel File: Call the searched result in Excel file.

Ed Microsoft Excel - Bookl

EEX

DEeHa8 SR_RY FbR-< @ = -2 3 imfe)

== sl - EEEE # %, [ un =
DRy BEEy 220 ) MA0) Z=51(T) OIOED -8 X

&1 = £ Occurrence_Time
A | B C |

1 |Occurence_Time lError_Mame Feference |
2 2005-01-10 2% 50220 Recognition Failure hModel 1

3 |2006-01-10 2% B0z Recognition Failure hodel 1

4 |2006-01-10 2% 5:09:28  Recognition Failure hModel 1

E |2006-01-10 25 509:32  Recognition Failure hModel 1

6 | 20056-01-10 £% 50936  Recognition Failure hModel 1

7 2008-01-10 2% 54166 Ethernet Comm, Error A2 223U 2|EF 282 |3 0| L2 WSO .
8 |

9

10 |

11

12 | i
9 v vl Sheet] (Sheet? /Sheets/ | I
J27IKRY- B | Z2W -~ w OO B R 4l s 2 & & -2 - 2
ZH NUM

OK: This ends the error history management.
Save Error Database :
In case of an error, this saves the error history to the database. When the checkbox is
unchecked, the error history is not saved.

Save Error Image

The image with the pattern recognition error is saved in the “C:\Program Files\HHI
Robotics\HRVision\Images” folder.
When the checkbox is unchecked, the error image is not saved.
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B Data History
The pattern recognition result and location offset history are managed during Auto Run. The
database is composed of Time (Pattern recognition time), Model (Model name), Scene ID
(Model ID), Score (Score), Pattern (Pattern number), ImageX (Searched pattern image X
coordinate), ImageY (Searched pattern image Y coordinate), ScaleX (Size change in X axis
direction), ScaleY (Size change in Y axis direction) and ShiftData (Location shift), and it is
managed in the DataDB.mdb file in the “C:\Program Files\HHI Robotics\HRVision” folder.

Search Duration Search
From : |EDDB—DI—IB j |2§ 11:19:46 =]
= Excel File
To ;|2DDB—DI—IBj |2E 11:19:48 =T |
. OK
v Save Data Database
[Tirme [tladel [Scenelll
* | \ |
[«f | ’

- Search Duration: This sets the search duration.
Initially this sets the time to execute HRVision (2D).

- Search:
This searches the error history that satisfies the search duration set.
The search result is displayed in the data grid.

Below picture is the result of the error history search by setting the search duration.

Search Duration
From: |EDDE—DI—WD j |2§ 5.:00:00 =]
= Excel File
To ;|2005—Dl—18j |RE T1:19:46 - f
Jw Save Data Database
Time Model ScenelD -
ZO06-07-T8 =03 110015 Model T Befa #D1 b
2006-01-18 2 F TR0 1A Madel 1 Beta X001
2006-01-18 2 F TT0023 Maodel 1 Beta X071
Z006-07-13 =7 1T:00:27 Model 1 Beta X001
2006-01-18 2 110031 Model 1 Beta X001
2006-01-18 2 H 110035 Maodel 1 Beta X001
2006-01-18 2 H 110039 Maodel T Beta X0
2006-07-18 27 110044 Model 1 Beta X001
2006-01-18 2 110047 Model 1 Beta X001 —
= -
[« | []
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- Excel File: Call the searched result in Excel file.

Ed Microsoft Excel - Bookl

DR SBY $RA-C @xz-48 @

3 S H A E==EH Y R, B -l == &
() HEE) 220 JE0 M) =4I H0ED  ZHw) =S2H) -8 x

A1 - A Time
& [ B [ ¢C D E | F G | H 1 g =

1 [Time !Mode\ Sceneld  Score  Pattern ImageX  ImageY (Scalex ScaleY ShiftData ml
2 2006-01-18 2H 10:59:58  Model 1 |Beta xD1 99,73 1 268 186,87 1 1 SHIFT -0.03,0.0,,,,0.01

3 2006-01-18 2F 11:00:03  Model 1 Beta XD1 100 1 268.02 18697 1 1 SHIFT -0.03,0.02,,,,0.0

4 2006-01-18 2F 11:00:07  Model 1 Beta XD1 100 1 268.02 18697 1 1 SHIFT -0.03,0.02,,,,0.0

5 2006-01-18 2F 11:00:11 Model 1 |Beta XD1 100 1 268.02 186.98 1 1 SHIFT -0.02,0.02,,,,-0.01

6 2006-01-18 2F 11:00:16  Model 1 |Beta xD1 100 1 268,03 186,98 1 1 SHIFT -0,02,0,0%,,,,0,0

7 2006-01-18 2F 11:00:19  Model 1 Beta xXD1 100 1 268,03 186,498 1 1 SHIFT -0,02,0,0%,,,,0,0

8 |2006-01-18 2H 11:00:23  Model 1 Beta xXD1 100 1 268,04 186,88 1 1 SHIFT -0,02,0,04,,,,0,0

9 |2006-01-18 2H 11:00:27  Model 1 Beta xXD1 100 1 268,03 186,87 1 1 SHIFT -0,03,0,03,,,,0.0

10 12006-01-18 2# 11:00:31  Model 1 Beta xD1 100 1/ 268.02 186,98 1 1 SHIFT -0.02,0.02,,,0.0

11 /2006-01-18 2# 11:00:35  Model 1 Beta xD1 100 1/ 268.03 186,98 1 1 SHIFT -0.02,0.03,,,,0.0

12 12006-01-18 2F 11:00:39  Model 1 Beta XD1 100 1/ 268.03 186,97 1 1 SHIFT -0.03,0.03,,,,0.0

13 2006-01-18 2F 11:00:44  Model 1 Beta XD1 100 1/ 268.04 186,98 1 1 SHIFT -0.02,0.04,,,,0.0

14 2006-01-18 2F 11:00:47  Model 1 Beta xD1 99.57 1 288,01 18897 1 1 SHIFT -0,03,0.01,,,,0.0

15

16

17

18

18 -
20 4
4 v W\ Sheet1 (Shes2{Shests/ J«l I 3l
J2PE - By ERW- S W OO B R 45 3 S-Z-A-SE=ZCBE.

ZH| HLIM

- OK: This ends the pattern recognition result history management.
- Save Data Database :
This automatically saves the pattern recognition result history to the Database.
- When the checkbox is unchecked, the pattern recognition result history not saved.

Change Password
This changes the user password to vision setup.
Enter the Previous Password and the New Password, and the click on the OK button.

Change Password

Previous Password : “ Cancel
New Password : OK

If the Previous Password is accurate, the following window will be displayed and changed to
the New Password. The characters in the “[ ]’ in the below window is the newly changed
password.

HBVision Yer 1.1.1

\i) The password has been changed to [hrvision],

325 / HYUNDAI
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But if the Previous Password is incorrect, the following warning window will be displayed.

HBVision ¥Yer 1.1.1

TE Incorrect Passwaord 1 Retry again,
L3

B AutoFileLoading
When executing HRVision (2D), the initialization file (HRVisionQ_init.vpp) is automatically
loaded.
When the checkbox is unchecked, the initialization file is not automatically loaded. You must
load the initialization file by clicking the Load button from the Model tab in the Setup window.

B |anguage
Select the language to be displayed on the main menu, pop up menu, window, message etc.
HRVision (2D) supports Korean and English, and the default is English.
If you want to change the language, select the language you want to use and click on the
Select button.
The changed result is saved on the registry, and the changed language is applied from the
next execution. End and restart the program.
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4. Work Procedure HRVision(2D) Function Manual

T
llls

The work procedure of the HRVision (2D) is as follows.
The detail description of each procedure is provided in the following sections.

HRVision software installation

Optical device installation
- Camera installation
- Lens attachment
: Adjust focus and iris
- Lighting installation
- Noise check

Robot < Vision communication setup

Camera calibration
- Calibration board arrangement
- Calibration point (4 points) teach
- Calibration board image grab and
- Calibration point detection

Work hold location teach

Model pattern registration

Recognition performance test

Model pattern supplement
(By illumination and condition)
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4. Work Procedure

4.1. HRVision (2D) Software Installation

Install VisionPro 3.5 and HRVision software in accordance with 1.2.2, and register the license key in
accordance with 2.1.

4.2. Optical Device Installation

Install the camera and lighting according to the using purpose.

Set the distance between the work piece and camera, focus & iris of the lens to fit the surrounding
environment.

When the camera is attached on the robot, fixate the camera so that it does not move when the robot
is moving, and check the focus ring and iris ring of the lens.

After completing the vision installation, check whether the image is properly grabbed when the robot is
moving. If there is noise in the image, check the insulation condition of the camera and cable etc.

The following picture is the initial screen when executing the HRVision (2D) after installing the optical
device and HRVision (2D) program.

[ | | = i
AHYUNDA! = o Pl oa | &
T Live Grab Single Loop Tools Exit Auto Run
[~ MODEL 1 [ None
X olala) e FE Search Results: | - [« ]

Search Pattern : [INCHENEN
\Score[%] i
[x-Offsetfmm] :

ly-Offsetimm] :
T-Offset[deg] :
Search Results

~ Match Region ~ Match Features
N Scale X[ Scale Y Score:
#Space: (516.0,660) ~ [Zoom 10000% | nersy: XPixell:[ YPixel]  Angle:|
RS-232C Communication Statue Display Processing Results

ata Loading.... = & B
Data Loading.... 2006-01-18 22 11:10:38
g Manual Data Load Complete

Auto Run

@ ok

Input

S3IYLISNANI AAVIH IVANNAHY

Out
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4.3. Communication Setup of Robot and Vision

4.3.1. Robot Work Program Preparation
4.3.1.1. SHIFT Data Communication Setup

HRVision (2D) and Hyundai Robot controller transmits/receives data in accordance with the
communications protocol as follows. The user prepares the robot work program in accordance with the
communication protocol.

The communication is done by the request of Hyundai Robot. There are 3 types of commands that the
robot requests to HRVision (2D). The following table is a summarized table of the HRVision (2D)
correspondence for the 3 types of commands of Hyundai Robot.

Command Number Function HRVision (2D) correspondence

Saves model information to parameter

MODEL | 01~32 Transmit model information.
and stands by.

Transmit camera direction to arab Execute pattern recognition work and
. 9 transmit the result to Hyundai Robot in
image. OK/NG.

Designate the registry number of Prepare the location shift in the format of
01~08 Hyundai Robot controller to save the format of "SHIFT X,Y,Z,6X, 6Y, 6Z”and
SHIFT data. transmit to Hyundai Robot.

START | 01~04

SHIFT
(SREQ)

The following figure depicts the communication sequence between Hyundai Robot and HRVision (2D).

Robot HRVision

Transmit coordinate direction
information, start pattern

Transmit pattern recognition
result (OK/NG)

OKING

If OK, transmit the registry

SHIFT ** %

/ SHIFT X, Y,,,,dz
T

ransmit shift data
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4. Work Procedure

The following code is the code related to the RS-232 communications protocol to be added from the
robot work program. Add the following code to the communication part with HRVision (2D).

S3

V2%=0

R9=(0,0,0,0,0,0)R

*MEASURE

MOVE L,P1+LR[V1%+1]+R[V3%+50]+R9,S=300mm/sec,A=0,T=0  ‘ Move to measuring location
D023=1  “ Lighting ON

'Vision measuring location
CLR232C 2

R8=(0,0,0,0,0,0)R

*NG

PRINT #2, "MODEL 1"

DELAY 0.3

PRINT #2,"START 02"

DELAY 0.3

_TEINPUT=13

_TEINPUT=10

INPUT #2,V1$

V2$=LEFT$(V1$,2)

IF V2§="0K" THEN

R8.CFG=8

GOTO *GOOD

ELSE

GOTO *NG

*GOOD

PRINT #2,"SHIFT 8"

DELAY 0.2

WAIT R8.CFG AND 16,3,20 “ Jump to S20 when the data is not received for 3 seconds
PRINT #0,"Vision data receipt "
PRINT #0,"Vision vision value:";R8.X;"mm","Y value:";R8.Y;"mm","RZ value:";R8.RZ;"mm"
CLR232C 2

0023=0

R9=R9+R8

V2%=V2%+1

IF V2% < 2 THEN *MEASURE
CLR232C

a5 / HYUNDAI
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4.3.1.2. POSE Data Communication Setup

The communication method to grab the pose data of the robot is requested by HRVision (2D). There is
only one command “POSE” for HRVision (2D) to request to Hyundai Robot.

POSE command receives the all pose data saved in the controller when the number after the

command is 900. The following table is a summarized table of the correspondence of Hyundai Robot

for the POSE command of HRVision (2D).

Command [Number Function Correspondence of Hyundai Robot controller
Transmit POSE parameter from Pose 901 ~ Pose

POSE 900 Request for all POSE data. 904 of Hyundai controller in 1 second intervals
continuously.

POSE 901~904 Request for specific POSE

data of the set number. Transmit specific pose data of Hyundai controller.

The following figure depicts the POSE command sequence.

HRVision Robot

Transmit pose number to

POSE * receive
\ P* (x,y,2

dx,dy,dz,&H0000)

Transmit POSE data

/ "HYUNDAI 4-6
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4. Work Procedure

The following code is a robot work code to transmit the POSE data of the robot automatically in
connection with HRVision (2D). The user generates the new robot work program and insert the
following code as is. To receive the POSE data of the robot automatically, the robot work program
must be in operation from the robot controller.

*START
CLR232C 1
_TEINPUT=13
_TEINPUT=10
V1g=""
V2§=""
INPUT #1,V1$
V2$=LEFT$(V1$,6)
IF V2$="POSE 900" THEN
PRINT #1,P901
DELAY 1
PRINT #1,P902
DELAY 1
PRINT #1,P903
DELAY 1
PRINT #1,P904
DELAY 1
ELSEIF V2$="POSE 901" THEN
PRINT #1,P901
GOTO *START
ELSEIF V2$="POSE 902" THEN
PRINT #1,P902
GOTO *START
ELSEIF V2$="POSE 903" THEN
PRINT #1,P903
GOTO *START
ELSEIF V2$="POSE 904" THEN
PRINT #1,P904
GOTO *START
ELSE
STOP
ENDIF
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4.3.2. HRVision (2D) Communication Setup

When the robot work program preparation is completed from the robot controller, the communication of
HRVision (2D) must be set.

Click on the Tools button from the operating button and the following login window will appear. When
purchasing HRVision (2D), enter the transmitted password.

= - [=]x]
AHYUNDAI = | @ Pl a @ ©
WEAYY INDUSTRES COUD. Live Grab Single Loop Tools Exit Auto Run
Detection Infomation
[ MODEL1 |  None

[k vlalal &lal [FE Search Results: | = (- ]
[search Pattern : | INGHENNN

[score[%] ol
[x-Offsetimm] : |

¥ Match Features

Scale X : Scale Y Score:

S3IH1ISNANI AAVIH IVANNAHY

HSpace: (5540,110) ~ [Zoom 10000% | Imenst:0 XtPixell:[ Y[Pixell]  Angle:]
RS-232C Communication Statue Display Processing Results
[ Data Loading..: 2006-01-18 27 11:10:38
Input | (g Ll Data Load Complete
| @ AutoRun
@ oK
out ‘ @ ne
@ Connect

When the login is successful, the screen changes to the setup mode as follows.

< HRVision V1.1.1 EEE
NDAI = | @ S| a >
AYSRSHRRS LB Live Grab Single Loop Display Exit Auto Run

Model| Calib | Train | Comm| Detail | Option >

[__SetupMode | Model T

x olala] «|a| FE Model No. : |Model 1 - <

] i ’ Model ID  : [None =] c

NI iEEl S i Camera No. : [Camera 1 =

llﬁl‘x_-.iﬂ_*.l_.¥ R ‘ ﬁ‘ U

File Manager >

-

- o T

Load Save ==

=

RS-232C Communication Statue Display Processing Results ’

Data Loading...: 2006-01-18 @& 11:10:38 —

Input (g bt Data Load Complete m
@ AutoRun

@ ok wv

out @ NG

@ Connect
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4. Work Procedure

Click on the Comm from the setup mode. Click on the communication method you would like to
connect to and setup various parameter. The following pictures shows the user of the connected
screen connected to COM port 1 and speed of 38400 using RS-232 method

RS-232C Communication

Statue Display

[
Input|

@ Manual
@ AutoRun

Processing Results
Data Loading...: 2006-01-18 27 11:19:48

< HRVision V1.1.1 [@EE]
= o §o) 5] [k [
ettty Live Grab single | Loop || Display | Exit Auto Run
Model | Calib | Train | Comm]| Detail | Option >
-
K ojajal a/al FE (Gl E
Connection Preferences
Port :|Com1 | | pataBits :[g - c
Maximum Speed | Parity  :[None  ~| z
38400 ~| || stopBits :[1 T U
Qm‘ E
X
[ m
>
O cancel | send | .<
—
o 0 810 T &
-
=
m
w0

@ ok

Out

@ NG

@ Connect

4-9
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4.4. Camera Calibration

4.4.1. Model Setup

HRVision(2D) Function Manual

Pattern recognition result and calibration data is managed by model.
First, click on the Model tab in the setting mode.

< HRVision V1.1.1

AHYUNDAI

HEAT INUSTRES COTD

= o §o) B (>
Live Grab Single Loop Display Exit Auto Run

Setup Mode

[ olalal &lal [FHE

#Space: (6370,3100)

~ [Zoom: 10000% | Intensiy:0

Model| Calib | Train | Comm] Detail | Option

Model
Model No. : |Model 1 &
Model D : [None (&)
Camera No. : [Camera 1 &)
File Manager
2 ]
Load Save

RS-232C Communication

Statue Display

Processing Results

SINULSNANI AAVIH IVANNAHY

Data Loading...: 2006-01-18 27 11:10:38
Input @ Manual Data Load Complete
@ AutoRun
@ ok
Out @ NG
@ Connect
Select the Model No. from the combo box.
[BEE
ARYUNDAI = @ | P | 8o
AYSRSHRRS LR Live Grab Single Loop Display Exit Auto Run

| Setup Mode |
[x wlalal alal [FE

#Space: (6370,3100)

~ [ Zoom: 100.00% [ Intens: 0

Model| Calib | Train | Comm| Detail | Option

Model

ModelNo. : |Model 1 &
Model ID

Camera No. :

File Manager

L
Load

RS-232C Communication

Input

Statue Display

Manual
Auto Run
oK

out

NG
Connect

(X X X Yo}

Processing Results
Data Loading...: 2006-01-18 2 11:10:38

Data Load Complete

S3IY1ISNANI AAVIH IVANNAHY
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4. Work Procedure

Enter the model ID and click on the |Q button. In this example, | have entered “Beta XD1”.

[T | = ) i
AHYUNDAI = @ P | a v o
IRATRBSARS OB Live Grab Single Loop Display Exit Auto Run

Model| Calib | Train | Comm| Detail | Option
|__SetupMode | Model

Iy olala] &|a FHE ModelNo. : |Model 1 ]
Model ID  : [Beta XD1 =
Camera No. : [Camera 1

File Manager

=

- B T

Load Save ==

—

o 0 = o o (=

2]

A : . =

RS-232C Communication Statue Display Processing Results ”

Data Loading...: 2006-01-18 @& 11:10:38 =

Input (o bt Data Load Complete m
@ AutoRun

@ ok ("]

out @ NG

@ Connect
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4.4.2. 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 (2D) uses the calibration board described in 3.7.2 and executes the
calibration.

4.4.2.1. Calibration Board Arrangement

Considering first the lens specification, work piece arrangement, pattern recognition accuracy etc., set
the distance between the camera and the work piece (Grab image location). The distance between the
camera and the work piece is not only used for camera calibration but also for pattern recognition.
Therefore you must set it consistently. If the distance between the camera and the work piece has to
be modified start resetting all the setup of HRVision (2D) including the camera calibration.

Set the calibration board on the pallet where the work piece will be put. The pallet must not be tilted
but it must be maintained for perfect leveling. There should not be any camera calibration work.

4.4.2.2. Teach Calibration Point

Attach a tip at the tool end of the robot and teach the 4 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.
Each calibration point is saved as Pose 901, Pose 902, Pose 903 and Pose 904 of Hyundai Robot
controller in this order. When each calibration point is saved as POSE parameter, we can receive the
transmitted robot location automatically by using the robot work program prepared in 4.3.1.2.

When the teach calibration point is completed, recover the tool parameter of the original tool
parameter.
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4. Work Procedure

4.4.2.3. Grab Calibration Board Image

Grab the image including the calibration board from the Grab Image location.
At this time, set both “Distance between camera and calibration board” and “Distance between camera
and the work target” in the same way.

< HRVision V1.1.1 [BEE
= o pe a2 . LS [>]
A Soliaes . Live Grab Single Loop Display Exit Auto Run
[Model | [Calib | Train | Comm| Detail | Option
Calibration Mode Statue

I elalal «le) ’W @ Uncalibrated L[n_;]k ‘
Calib Points :
BT o o[ o o3
BE[ w0 [ o W 5
[Test [ 427 [ 201 [ o o
Coordinate: ’W
~ AlCalib  [Vodel 1 Load -]

S3IYLISNANI AAVIH IVANNAHY

) (o]
= Input Calibration
#Space: (6350,221.0) = [Zoom 10000% | ey
RS-232C Communication Statue Display Processing Results
Data Loading...: 2006-01-18 23 10:27:48

Input @ Manual Eiete

@ AutoRun

@ ok
out @ ne

@ Connect

Enter the camera direction for the robot coordinate. Refer to 3.7.2 Calib for details.

i)

] O | E e N
AHYUNDAI = Pa ) g v o
AT Solias m. Live Grab Single | Loop Display Exit Auto Run
Model | Calib | Train | Comm| Detail | Option
==
Ix elala) /o) FE Model 1 @( Uncalibrated LEL

Calib Points

I Coord World Coord

ma[g:ixeﬁor or[mmt]mr 5|
[P1 0, 0 0, 0 3|
P2 o[ 150 150, 0 3|
[P3 180, 150 180, 180 3
[Pa 180, 0 0, 180 3|
[Test [ 635, 227 0 0

Coordinate : |A-Type(0 Deg) -|
A-Type(0 Deg

B-Type(90 Deg)
C-Type(180 Deg)

& All Calib

D-Type(270 Deg)

S3IYLISNANI AAVIH IVANNAHY

= Setup Input Calibration
5pace: (6350,2270) = [Zoom: 10000% [ itersity 0 —
RS-232C Communication Statue Display Processing Results
Data Loading...: 2006-01-18 22 10:27:48

Input @ Manual Data Load Complste

@ AutoRun

@ ok
out @ ne

@ Connect
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4.4.2.4. Detect Calibration Point and Enter Coordinate

4.4.2.4.1. Image Coordinate Setup

Click on the setup button of the Calib tab. 4 light blue search window and coordinate axes were
created from the Image window, and the Setup button changes to the Search button. The user
arranges each search window and coordinate axis on the 4 points of the calibration board.

#Space (3£0,10)

et e e | = .
AHYUNDAI = | @ 5 7 & u >
IR Live Grab Display Exit Auto Run
Model | Calib [ Train | Comm| Detail [ Option
Calibration Mode
Status
M "
[ olalal &lal [FHE Model 1 @ Uncalibrated (5}
N X Lock
Calib Points

~ [ Zoom: 10000% | Intenshy:

Image Coord World Coord s

[Pixel] [mm] |

[P o] o[ of o

P2 o[ 10 [ 60,0 3|

5[ e [ T w0 5
[Test [ 427, 201 [ o[ 0
Coordinate: ’W‘

C AlCalb  [Model 1 Load -
&= o
Setup Input Calibration

RS-232C Communication

Input

out

Statue Display

Processing Results
Data Loading..: 2006-01-18 27 10:27:48

@ Manual
@ AutoRun
@ oK
@ NG
@ Connect

Data Load Complete

SANULSNANI AAVIH IVANNAHY

Click on the @(Zoom in) of the Image window to expand the calibration board image that has been

grabbed.

Set the coordinate axis accurately at the center of the cross in the zoomed image. Click on the

{rr? (Move button) of the Image window to accurately set the coordinate axis for the remaining

calibration points.

AHYUNDA =

HEAIYINDUSTRIES C0.D Live

& ‘ >
Grab Display Exit Auto Run

Calibration Mode

Agals) SR

Move,
Zoom in
button

# Space: (16269,31013)

Model | Calib | Train | Comm| Detail | Option

Status
Model 1 L@ Uncalibrated ()
X Lock
Calib Points

P2 [ o] 0 [ o[ o 3
e[ w0 o

fest [ 427 201 [ o[ o
Coordinate:  |A-Type(0 Deg) j
T AlCalib  [Model 1 Load  -|
5] r

Setup Input Calibration

~ Zoom: 160000% | nters: 102

RS-232C Communication

Input

SIIYLSNANI AAV3H IVANNAHY

out

Statue Display Processing Results
Data Loading...: 20060112 24 9:69:02
@ Manual Data Load Complete
@ AutoRun
@ oK
@ NG
@ Connect
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4. Work Procedure

When the search window and coordinate axis are accurately set, click on the Search button of the
Calib tab. The searched results are displayed in the Image window as follows. The Search button
changes to the Setup button. If the search was unsuccessful, re-execute the 4.5.2.4. Calibration point

detection process.

x olalal «|al FE

#Space: (307.0,470) ~ [ Zoom: 10000% | Intersiy: 135

| o | S 2 B
AHYUNDAI = | & Pl g v e
VERYROUSTRES O Live | Grab Single | Loop Display Exit Auto Run
Model | Calib | Train | Comm| Detail | Option
Calibration Mode Stanie

v
Model 1 h_@ Uncalibrated ()
X Lock

Calib Points
Image Coord World Coord
[Pixel] [mm] 3
[P1 [240.4860 ,[372.4009 0, [ ﬁ
[P2 [4819824 [372.7337 150, 0 3|
[P3 [478.7667 [139.7216 150, 150 ﬂ
[P4 [243.7427 [1372432 0, 150 ﬂ
[Test [ 307, 479 0 0
Coordinate : |A-Type(0 Deg) -
~ All Calib 7|

=] (]

Input |  Calibration

RS-232C Communication Statue Display
Input @ Manual
@ AutoRun
@ ok
out [
@ Connect

Processing Results
Data Loading...: 2006-01-18 27 10:27:48

mplete

S3IYLISNANI AAVIH IVANNAHY
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4.4.2.4.2. Robot Coordinate Setup

If you have saved the location of calibration points from 4.4.2.2 to the POSE parameter of the robot,
execute the robot work program prepared in 4.3.1.2 by the robot controller and click on the Calib tab to
receive the location of each calibration point automatically. If the location of the calibration point is not
saved as the POSE parameter of the robot, enter the location of each calibration with the keyboard
and then click on the Input button of the Calib tab.
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4. Work Procedure

4.4.3. Camera Calibration Execution

If both the image coordinate and camera coordinate of the calibration points are all entered, click on
the Calibration button of the Calib tab. This shows the RMS results after executing the camera
calibration.

- . [5]x]
W 3o e | S £ |
AHYUNDAI = | 2= ! >
HEAIY NDUSTRESCOTD. Live Grab Single Loop Display Exit Auto Run

Model | Calib | Train | Comm| Detail | Option

Status
e
Model 1 h_@ Uncalibrated (=)
X Lock

Calib Points
Image Coord World Coord
[Pixel] [mm] |
[P1 [240.4860 ,[372.4009 0, 0 E

[P2 [4819824 [s727337

[P3 [a78.7857 [139.7216 150, 150 3|
HRVision Ver 1.1.1 L3} 1372432 0, 160 3|
d) e nws eror valve for s catbraton s 1726 [ 479 [ 0, 0

: |A-Type(0 Deg) -

[x wlalal alal [FHE

150 [ 0 2

S3IY1ISNANI AAVIH IVANNAHY

~ All Calib =
B (]
Input Calibration
# Spece: (3070,4730) ~ [Zoom 10000% | ey 135 —
RS-232C Communication Statue Display Processing Results
Data Loading...: 2006-01-18 @& 10:27:48
Input o il Data Load Complete
@ AutoRun
@ oK
out @ NG
@ Connect

If the RMS error is lower than the RMS Error Limit of 3.7.5. Detail tab, is displays the coordinate
axis set to green. If the RMS error is higher than the RMS Error Limit, you will see a warning
window to guide you to re-execute the camera calibration. Generally the RMS Error Limit
(Permitted RMS error value) is set to standard of 1.

< HRVision Vi [BEE
= - | | | S 3 N
ARYUNDAI = | @ o L e
ALY INDUSTRIES COID. Live Grab Single Loop Display Exit Auto Run
Model | Calib | Train | Comm| Detail | Option
=
[ olajal ala| FEE Wodel 1 [{@  calibrated E] ‘

Calib Points
Image Coord World Coord
[Pixel] [mm] k]
[P1 [240.4860 ,[372.4009 0, [ ﬂ
[P2 [4819824 [3727337 150, 0 3|
[P3 [478.7867 [139.7216 150, 150 ﬂ
[P4 [243.7427 [1372432 0, 150 ﬂ
[Test [ 638, 351 [249.42,[ 14.36
Coordinate : |A-Type(0 Deg) -
~ All Calib

S3IYLISNANI AAVIH IVANNAHY

E =
it s i}
Setup Input Calibration
#Space: (5260,3510) = [Zoom: 10000% [ itereity 0 —
RS-232C Communication Statue Display Processing Results
Data Loading...: 2006-01-18 $71 10:27:48
Input @ Manual Data Load Complete
@ AutoRun
@ ok
out @ NG
@ Connect
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4.5. Work Hold Location Teach

Arrange the work piece on the pallet and teach the Hyundai Robot to set the location to hold the work
piece.
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4. Work Procedure

4.6. Model Pattern Addition and Pattern Recognition Test
Register all patterns for pattern recognition and execute the pattern recognition test.
4.6.1. Grab Image
From the holding location of the work piece, move the Hyundai Robot to the Grab Image location. At

this time, the work piece should not move. Click on the Train tab from the Setup mode, and click on
the Grab button of the operation buttons.

< HRVision V1.1.1, [BEE
| | = @ T}
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4.6.2. Pattern Addition

Select the characteristic to easily distinguish each model as a pattern.

Considering the visual area of the camera (FOV), accuracy required for the work etc., select eh
characteristic pattern. Click on the Add/Mod button of the Train tab. At this time, pattern setup window
and coordinate axis are displayed in light blue in the Image window, and the Add/Mod button switches
to Training button.
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After setup up the pattern setup window and coordinate axis, click on the Train button. When the
pattern recognition is successful, the following Pattern addition window appears. If there is an error in
the pattern recognition, reset the pattern and parameter. Refer to 3.7.3 Train tab for parameter setup.
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4.6.3. Pattern Recognition Test

4. Work Procedure

Execute the pattern recognition work for the specific added patterns by grabbing the image.

Click on the Search button of the Calib tab. The pattern recognized area will be displayed in the image
window, and the pattern recognition result is displayed for the Test item. View the pattern recognition
result and decide whether to add/modify/delete to setup the optimal pattern model. Refer to 3.7.3.

Train tab for detail setup method.
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4.7. Recognition performance test

Execute the pattern recognition work by using all added pattern and display the pattern recognition
result.

4.7.1. Single (Inspection) Execution

Click on the Single (Inspection) button from the operating button and execute the pattern recognition
work once.
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4. Work Procedure

4.7.2. Loop (Continuous inspection) Execution

Click on Loop (Continuous inspection) from the operating button, and execute the pattern recognition
work continuously for the inputted image until the L-Stop (Stop inspection) is clicked.
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4.8. Model Pattern Supplement

Do not add/modify/delete the pattern depending in the inspection result. Also you can mask the added
pattern in detail by using the Tool of Train tab of Setup mode.
Click on the Tool button of the Train tab to open the screen to call Masking Editor.
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4. Work Procedure

4.9. Auto Operation

When all the setup is completed, HRVision (2D) 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 (2D) can only be operated through the
communication with the Hyundai Robot.
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