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1.1. Model Name

This section describes the process of setting model names.

1. Basic Settings HRVision 3D-MultiLine

a7 HRVision 3D-MultiLine v2.0.12

A HYUNDAI ’ A i Y R 24\

ROBOTICS C v
| Settings Calibration Grak Live Exposure Search 3D

Image Display Camera )
Model 2
Reference Points
On/Off Img Light On | Cotnmunication » Light On Live On/Off Img Light On
PLC >
Limit

Password

File Management

(1) In the main menu, click the [Settings] button.
(2) Select the [Modell menu.

[Step 1]

Model

[ Sub-Model 1 1 Sub-Model 2 Sub-Maodel 3 Sub-Model 4 Sub-Model 5 ]

l

w
=
3

A
~J

Model
Number

- -
e =]

Roof & Cowl
Tail Gate
Roof & Cowl (Sun-Roof)

5 Load € | Close

[Step 2]

(1) Model numbers can be assigned only in two or three digits (e.g., 11-15, 21-25, 31-35, and 121-

125). You can assign only 1-5 to the unit’s digit.

(2) Enter a model name in the relevant column, and save it by clicking the [Savel button. For

example, the model number corresponding to row 3 and column 1 is 31.
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1 Basic Settings

1.2. Reference Point Registration

This section describes the process of registering reference points for workpieces.

a7 HRVision 3D-MultiLine v2.0.12

A HYUNDAI Al “ R 21\
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Camera

Model

\v Reference Points

On/Off Img LightOn | Communication Light On Live On/Off Img Light On

PLC

Image Display i

Limit

Password

File Management

(1) In the main menu, click the [Settings] button.
(2) Select the [Reference Points] menu.

[Step 1]

Reference 3D Point / Hole to Hole Distance

Model Name Displayst™mger Ref. Line Number
Model 51 (PD51) Sel @ - Ref. Lined

Reference 3D Points

wlo | —|o|v|e|wlm|=

wlo| o |w|e|wl-

wlo| o |n|e|wlinle

e
=
.
=
.
=

[Step 2]

(1) Select [Display Number].
(2) The [Display Number] matches the number of the point measured by the camera.

»HD
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[Step 3]

HRVision 3D-MultiLine

Program File Format Version : 1.6 MechType: 70(HAB20-01) Tota

'LIGHT ON/OFF
'PATTERN SEARCH

CLR_RBUF ENET1
vies=""

viig=""

vi2g=""

P99=P* 'ROBOT POSE

PRINT ENET1,P99

V2$=STR$(V2%) *CAMERA POSITION

D03=0 'LIGHT OFF

DELAY 0.2

PRINT ENETL,"LIGHTOFF "+V2$ 'SEND LIGHTOFF TO PC
INPUT ENET1,V1@$,3,*ERROR 'RECEIVE ACK SIGNAL FROM PC
v1a$=LEqT$(v1a$,3)

IF V10$<>"ACK" THEN

GOTO *ERROR

ENDIF

D03=1 'LIGHT ON

DELAY 0.2

PRINT ENET1,"LIGHTON "+V2$ 'SEND LIGHTON TO PC

INPUT ENET1,V11$,3,*ERROR 'RECEIVE ACK SIGNAL FROM PC
V11$=LEFT$(V11$,3)

IF V11$<>"ACK" THEN

GOTO *ERROR

ENDIF

PRINT ENET1,"SEARCH "+V2%

INPUT ENET1,V12$,3,*ERROR 'RECEIVE OK/NG SIGNAL FROM PC
V123=LEFT$(V12%,2)

IF V12%="NG" THEN

GOTO *ERROR

ENDIF

D03=0

END
*ERROR
END

(1) Referring to the example, write a robot job program that turns on/off the line pattern light of
the projector and detects a pattern.

PH
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1 Basic Settings

Reference 3D Point / Hele to Hole Distance (=]

Model Name Display Number Ref. Line Number
Model 51 (PD5 1) SclectaDisplay = Ref. Line 4

Reference 3D Points

x ¥ z x v z [ tine 3 B [ z [ tine + B [ z
1 1
2 2
3 3
4 4
5 5
5 5
7 7
8 8
9 9
o —

Light Off Light On

0.000, 0.000, 0.000

e 10
x 0.000, 0.000, 0.000

{w

[Step 4]

(1) Repeat the written robot job program for 10 times. The average value will appear in the [Ave.]
section, and the accuracy of repeatability will appear in the [£1 column.

(2) If the accuracy of repeatability exceeds 1 mm, which means that the pattern detection is
inaccurate, decrease the value of the accuracy of repeatability by changing either the registered
position of the pattern or the set value.

(3) If the camera is mounted on the robot, check whether the correct pose value is displayed in
[Robot Posel. In addition, check whether the correct [Coordinate System] is displayed at the
upper right part of [Robot Posel, as shown in the following figure. Check whether the robot
pose is received in the desired coordinate system: [-] will be displayed for the base coordinate
system, [R] for the robot coordinate system, and [Un] for the user coordinate system.

0.000, 0.000, 0.000

0.000, 0.000, 0.000

(4) If there are no problems, save the setting by clicking the [Savel button. Repeat the same
procedure for the cameras in other points.
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2. Calibration HRVision 3D-MultiLine

2.1. Wrist-Held Vision

The instructions given in this section apply only to V2.0.12 or lower.

[Step 1]

(1) Securely position the correction plate on the outside.
(2) The correction plate should not move until the calibration is complete. (The relationship [position
and orientation] between the correction plate and the robot base shall be fixed at all times.)

s HRVision 3D-MultiLine v2.0.12

AHYUNDAI & 1 ) ’4\

ROBOTICS v AN o
Settings Calibration Grab Exposure Search 3D

Image Display Camera Calibration 2

Robot-Camera Calibration

[Step 2]

(1) In the main menu, click the [Calibration] button.
(2) Select the [Camera Calibration] menu.
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Camera Calibration

2 Calibration

Light Off (Camera)

Light On (Projector)

W Vo G |
e

VY

3
[ Q o

Calib. Error l:] ' l Exposure ab {,4]' Calib. ]

cao-tror - ||

‘ oc'w A caiib. ’

Robot Pose (X, Y, Z, RX, RY, RZ)

1450.051, 114.387, -400.635, 180.000, 22.817, 0.001

j// Get CurrentRobot Pose.

[Step 3]

(1) Turn off the pattern light of the projector, click the left [Grab] button, and check the focus and

brightness of the image.

(2) Turn on the pattern light of the projector, click the right [Grab] button, and check the focus and

brightness of the image.

(3) As needed, enter a camera exposure value in the [Exposurel column to adjust the exposure to

an adequate brightness.

(4) Enter the current pose of the robot in the [Robot Pose] column. If only one robot is used, enter
the robot’s pose recorded in the base coordinate system. If multiple robots share a coordinate
system, enter the robot’s pose recorded in the user coordinate system.

P HD
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HRVision 30-MultiLine Calibration Pattern

Good projection position of the pattern light Bad projection position of the pattern light

Top
Bottom

HRVision 3D-MultiLine Calibration Patiem

[Step 4]

(1) Check whether the seven lines shown by the projector are in the effective area (between the
red rectangles) of the correction plate.

(2) If any line is out of the effective area, adjust the correction plate to an adequate position and
orientation, and repeat the procedure starting from [Step 3].
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2 Calibration

Camera Calibration
Light On (Projector)

Light Off (Camera)

[ @ | e |

’ T
Calib. Error osure ‘ { ° Grab ‘ r,"j Calib. Calib. Error [:I

Robot Pose (X, Y, Z. RX, RY, RZ)

[ 1450.051, 114.387, -400.635, 180.000, 22.817, 0.001

7
/ yGet Current Robot Pose.

[Step 5]
(1) Click the left [Calib.] button, and check whether the corners of the correction plate are properly

detected on the left window. (They are indicated by red cross marks.)

(2) Typically, the value of [Calib. Error] will not exceed 1.0. When the value exceeds 1.0, the detection
accuracy of the correction plate may be low because the focus and brightness of the camera are
not adequate or because the position and orientation of the correction plate are not adequate.
In such cases, recheck the focus and brightness of the camera or adjust the position and
orientation of the correction plate, and repeat the procedure starting from [Step 31.

=l

Warning

The quality of the calibration object or the image is not good.
Fi I % (Skew Angle Error: 0.249)

(3) When the warning shown above appears, the mechanical fabrication of the correction plate or
the attachment of the correction plate paper is incorrect. Therefore, the correction plate should

be prepared again before conducting the calibration.

2 HD e



HRVision 3D-MultiLine

Camera Calibration =

Light Off (Camera) Light On (Projector)

e

\ \\\\\\ g

. //////

/ 1117 /
Calib.Eror [ - | l Q cuv 1

Calib. Error H Exposure ‘ l Q o H ] caib. ]

Robot Pose (X, Y, Z, RX, RY, RZ)

[ 1450.051, 114.387, -400.635, 180.000, 22.817, 0.001 |

f/ Get CurrentRobot Pose. \g Save

[Step 6]

(1) Click the right [Calib.] button.

(2) On the right window, check whether the pattern light is properly detected. If it is properly
detected, click the [Savel button, and close the window. If not, repeat the procedure starting
from [Step 31.

a2 HRVision 3D-MultiLine v2.0.12

A HYUNDAI

ROBOTICS

M RICEN
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SE‘L‘tmgs Calibration Grab Live Exposure Seard 3D

Image Display Camera Calibration

Robot-Camera Calibration

[] on/off Img [T Light on [T Live | [ [C] Light On  [T] Live Jf O] [] Light On |

[Step 7]

(1) In the main menu, click the [Calibration] button.
(2) Select the [Robot-Camera Calibration] menu.

HID Hyunpal 2-6
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2 Calibration

Robot-Camera Calibration =]

Camera 1 (L1 1 Square Size 10 2 ul

Input

Calibration Object 3D Points Robot 3D Points
20.000, 0.000, 120.000 -182.420,-1836.151,228.075
20.000, 0.000, 20.000 -183.249,-1764.000,297.550 3
160.000, 20.000, 0.000 -323.178,-1734.093,295.099
160.000, 120.000, 0.000 -321.538,-1664.865,222.961
Output
Transformation Matrix Transformation Error

af’f(alibration 4 : 6

[Step 81

(1) Select a camera number. If only one camera is used, select [1 (L1)].

(2) Select the square size of the correction plate. Typically, [10 mm] is selected. If the user has
fabricated a different-sized correction plate, select-a matching square size.

(3) Teach the four points of the correction plate; extract only the values.of X, Y, and Z; and enter
them in the [Robot 3D Points] column. For the positions and sequence-of teaching, refer to the
following figure.

2 HD e



HRVision 3D-MultiLine

.l.l.l.l.l.l.l.l

.I.I.I.I.I.I.I.l

o

HRVision 3D-MuftiLine Calibration Pattem

|
"
-
!i
"n

(4) Select the [Calibration] button.

(5) Typically, the [Transformation Error] will not exceed 1 mm. When the value is larger, the
correction plate may be incorrectly printed (the size of the checkered rectangle of the correction
plate does not conform to the specified value), the teaching may be incorrectly executed, or the
robot may be incorrectly calibrated. As such, recheck these points.

(6) If all the settings are correct, save the setting by clicking the [Save] button, and close the window.

H HYUNDAI 2-8
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2 Calibration

2.2. External Fixed Vision

The instructions given in this section apply only to V2.3.0 or higher.

[Step 1]

(1) Attach the correction plate properly to the correct robot’s axis. (The correction plate shall be
attached to the R1 axis of the robot. Do not attach it to another axis.)
(2) The correction plate should not move on the robot’s axis until the calibration is complete. (The

relationship [position and orientation] between the correction plate and the robot tool shall be
fixed at all times.)

o5 HRVision 3D-MultiLine v3.0.7

AHYUNDAI ;& A1 | 2‘\
: A

ROBOTICS g V.
Settings Calibration Grab Live

po
=

Image Display | Camera-Projector Calibration J
Camera-Robot Calibration by M

On/Off Img Light On Live On/Off Img Light On Live On/Off Img Light On

[Step 2]

(1) In the main menu, click the [Calibration] button.
(2) Select the [Camera-Projector Calibration] menu.

HD rosorics



HRVision 3D-MultiLine

Camera Calibration

[Step 31

(1) Select the number of the camera to be calibrated.

Camera Calibration =)

Light Off (Camera) Light On (Projector)
g g )

Calib. Error :| ' [ ° Grab ] calib.

Robot Pose (X, Y, Z. RX, RY, RZ)

0.000, 0.000, 0.000, 0.000, 0.000, 0.000

[Step 4]

(1) Turn off the pattern light of the projector, click the left [Grab] button, and check the focus and
brightness of the image.

(2) Turn on the pattern light of the projector, click the right [Grab] button, and check the focus and
brightness of the image.

(3) As needed, enter a camera exposure value in the [Exposure] column to adjust the exposure to
an adequate brightness.

(4) Do not enter any values in [Robot Pose] if the camera is fixed on the outside.

HYUNDAI -
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2 Calibration

s

HRVision 3D-MultiLine Calibration Patiem

HRVision 30-MultiLine Calibration Pattern

Good projection position of the pattern light Bad projection position of the pattern light

[Step 5]

(1) Check whether the seven lines drawn by the projector are in the effective area (between the
red rectangles) of the correction plate.

(2) If any line is out of the effective area, adjust the correction plate to an adequate position and
orientation, and repeat the procedure starting from [Step 41.

; HYUNDAI
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HRVision 3D-MultiLine

Camera Calibration =

Light Off (Camera) Light On (Projector)

cali.ror [0232 T Bposwre [ 1666 || [ @ omn || Calib.Ewor [~ | [ @ |[ o camw.
Robot Pose (X, Y, Z, RX, RY, RZ)

] calib.

’ 0.000, 0.000, 0.000, 0.000, 0.000, 0.000 |

[Step 6]

(1) Click the left [Calib.] button, and check whether the corners of the correction plate are properly
detected on the left window. (They are indicated by red cross marks.)

(2) Typically, the value of [Calib. Error] does not exceed 1.0. When the value exceeds 1.0, the
detection accuracy of the correction plate may be low because the focus and brightness of the
are not adequate or because the position and orientation of the correction plate are not
adequate.

In such cases, recheck the focus and brightness of the camera or adjust the position and
orientation of the correction plate, and repeat the procedure starting from [Step 41.

Warning @

The quality of the calibration object or the image is not good.
l % (Skew Angle Error: 0.249)

(3) When the warning shown above appears, the mechanical fabrication of the correction plate or
the attachment of the correction plate paper is wrong. Therefore, the correction plate should be
prepared again before conducting the calibration.

HYUNDAI -
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2 Calibration

Camera Calibration 2]

comes [

Light Off (Camera)

Light On (Projector)

Calib. Error H Exposure ‘ ‘ ° Grab H f,”f Calib. ]

Calib.Eror [ - | ’ ‘ Q orb J A calib. ]

Robot Pose (X. Y, Z RX, RY, RZ)
[ 0.000, 0.000, 0.000, 0.000, 0.000, 0.000 | 2
é Save |

[Step 7]

(1) Click the right [Calib.] button.

(2) On the right window, check whether the pattern light is properly detected. If it is properly
detected, click the [Savel button, and close the window. If not, repeat the procedure starting
from [Step 41.

a2 HRVision 3D-Multiline v3.0.7

RN
A HYUNDAI | A1 _
ROBOTICS — | & \
Calibration Grab Live Exposure Search 3D
Image Display Camera-Projector Calibration

Camera-Robot Calibration by Motion 2

[] On/0ff Img [Z] Light On  [C] Live

[] On/OffImg [T Light On  [[] Live i [C] On/OffImg ] Light On [

[Step 8]

(1) In the main menu, click the [Calibration] button.
(2) Select the [Camera-Robot Calibration by Motion] menu.

} X HYUNDAI
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HRVision 3D-MultiLine

Camera Calibration

Pose 000,000, 000.000, 000.000, 000.000, 000.000, 000.000 Pose 000,000, 000.000, 000.000, 000.000, 000.000, 000.000

Pnsg 000.000, 000.000, 000.000, 000.000, 000.000, 000.000 Pnsg 000.000, 000.000, 000,000, 000.000, 000.000, 000.000

‘ Pose‘ 000.000, 000.000, 000.000, 000.000, 000.000, 000.000 ”

Pose ‘ 000.000, 000.000, 000.000, 000,000, 000.000, 000.000 |‘

[Step 9]

(1) Select the number of the camera to be calibrated.

(2) Click the left image on the first window to open a new window. The position of the robot and
the correction plate for the first image shall be the same as those used in [Steps 2-7]. In other
words, the robot or the correction plate should not be moved to another position or orientation.

Camera Calibration

L

1

Exposure 1666

Clear I &) Grab I ﬁhve "\De!edl Load l ¥, Save

Robot Pose ‘ 000.000. 000.000, 000.000, 000.000, 000.000. 000.000 \

[Step 10]

(1) Click the [Live] button, and check the focus and brightness of the image.
(2) As needed, enter a camera exposure value in the [Exposurel column to adjust the exposure to
an adequate brightness.

HYUNDAI i
FD Roeomcs 2-14




2 Calibration

Camera Calibration &)

Image

][ =
Clear l Q G l f_‘«jl.m lt‘\ Delm'l' 4 Load l € save

Robot Pose l 000.000. 000.000. 000.000, 000.000, 000.000. 000.000 |

[Step 11]

(1) Click the [Detect] button, and check whether the correction plate is properly detected on the
screen.
(2) If it is properly detected, click the [Savel button, and close the window. If not, repeat the
procedure starting from [Step 101.
(3) Record the current position of the robot with the teach pendant.

i HYUNDAI
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HRVision 3D-MultiLine

Camera Calibration
Camera [ ~

.

‘ Po;e‘ 000.000, 000.000, 000.000, 000,000, 000.000, 000.000

Pose | 000,000, 000.000, 000.000, 000.000, 000.000, 000.000

Pose | 000,000, 000.000, 000.000, 000,000, 000.000, 000.000

Pose ‘

000.000, 000.000, 000.000, 000,000, 000.000, 000.000 |‘

000.000, 000.000, 000.000, 000.000, 000.000, 000.000

Pns:

000.000, 000.000, 000,000, 000.000, 000.000, 000.000

Pnsa

‘ Pose | 000.000, 000.000, 000,000, 000.000, 000.000, 000.000 | ‘

Iteration | |I Cam Calib, Error | - I

Pose | 000,000, 000.000, 000.000, 000.000, 000.000, 000.000

Pose | 000,000, 000.000, 000.000, 000,000, 000.000, 000.000

Tteration [ I Pes. Error (Min) r

I Pos. Error (Max) |

¥, Save

‘I ',‘f,-' Calibration

[Step 12]

(1) Perform the procedures in [Steps 10-11] for the other eight points by moving the robot to
change the position and orientation of the correction plate.
The correction plate for the different poses (position and orientation) should be detected at no

less than three points.

The calibration will not run if only the position of the correction plate is changed without any

changes in its orientation.

It is recommended to detect the correction plate at no less than seven points by changing its
orientation using the RX-, RX+, RY-, RY+, RZ-, and RZ+ buttons on the teach pendant.

HYUNDAI
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2 Calibration

Camera Calibration
Camera [ ~

I “|||||||||||

‘ Pose | 000,000, 000.000, 000.000, 000.000, 000.000, 000.000 | Pose | 000,000, 000.000, 000.000, 000.000, 000.000, 000.000

‘ Pose [ 000.000, 000,000, 000,000, 000.000, 000.000, 000.000 |‘ ‘ Pose [ 000.000, 000.000, 000.000, 000.000, 000.000, 000.000 | Pose [ 000.000, 000.000, 000.000, 000.000, 000.000, 000.000
| |‘||‘|||||||I
‘ Pose | 000.000, 000.000, 000.000, 000.000,@.000, 000.000 ” ‘ Pose | 000.000, 000.000, 000.000, 000.000, 000.000, 000.000 | Pose | 000.000, 000.000, 000.000, 000.000, 000.000, 000.000
Tteration | - ‘I Cam Calib. Error | - ] Tteration [ I Pos, Error (Min) f ]—I Pos. Error (Max) [ = ‘I',’ff Calibration l ¥, Save
Program File Format Version : 1.6 MechType: 78(HA®28-81) TotalAxis: 6 AuxAxis: ©
51 MOVE P,5=60%,A=1,T=6 (-57.730,1224.563,916.311,90.325,-43.570,-179.566,&H0040)
S2  MOVE P,S=60%,A=1,T=6 (-57.753,1224.572,916.328,95.980,-43.463,176.539,8&H0040)
s3 MOVE P,S=60%,A=1,T=6 (-57.779,1224.578,916.354,75.603,-42.536,-169.483,8H0040)
S4 MOVE P,S=60%,A=1,T=6 (-57.761,1224.568,916.320,90.400,-35.406,-179.612,8H0048)
S5 MOVE P,S=60%,A=1,T=6 (-57.766,1224.572,916.326,90.236,-50.743,-179.499,8H0048)
S6 MOVE P,S=60%,A=1,T=6 (-57.747,1224.568,916.342,90.322,-43.571,175.874,8&H0040)
S7  MOVE P,S=68%,A=1,T=6 (-57.756,1224.571,916.331,90.323,-43.572,-175.045,2H0048)
S8 MOVE P,S=60%,A=1,T=6 (-113.693,1224.576,916.342,90.322,-43.572,-179.562,8H0040)
S9 MOVE P,S=60%,A=1,T=6 (-14.037,1224.601,916.396,90.316,-43.576,-179.555,8&H0048)
END
[Step 13]

(1) When the images of the correction plate have been acquired, store the robot’s job file
corresponding to the images of the correction plate in the PC using a USB flash drive or an
application such as HRView.

(2) If the coordinate system of the recorded points is set at axial angle or encoder, convert it to
another adequate coordinate system.

Typically, the points should be recorded in the base coordinate system if only one robot is used.
Meanwhile, the points should be recorded in the user coordinate system if multiple robots share
a coordinate system.

- HYUNDAI
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HRVision 3D-MultiLine

Camera Calibration
Camera [ ~

‘ Po;e‘ 000.000, 000.000, 000.000, 000 deeT UE‘UUU, 000,000 ‘

| Pose | 000,000, 000.000, 000.000, 000.000, 000.000, 000.000 ‘| | Pose | 000,000, 000.000, 000.000, 000,000, 000.000, 000.000

‘ Pn;g‘ 000.000, 000.000, 000.000, 000,000, 000.000, 000.000 ”

| Pose | 000.000, 000.000, 000.000, 000.000, 000.000, 000.000 | Pose | 000.000, 000.000, 000,000, 000.000, 000.000, 000.000

‘ Pose | 000.000, 000.000, 000,000, 000.000, 000.000, 000.000 | ‘

Tteration | = |I Cam Calib, Error | - I

m -

Pose | 000,000, 000.000, 000.000, 000.000, 000.000, 000.000

Pose | 000,000, 000.000, 000.000, 000,000, 000.000, 000.000

Tteration [ I Pes. Error (Min) r I Pos, Error (Max) | = ‘I ‘f Calibration I ¥, Save

[Step 14]

(1) Click the window where the correction plate is detected or the [Pose] section.

Camera Calibration

Exposure 1666 ‘

Clear l ° Grab l Lwe l\\ Detect l 4 Load l é Save

Robot Pose l

-57.730,1224.563,916.311,90.325,-43.570.-179.566 1
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[Step 15]

2 Calibration

(1) Enter the robot’s pose corresponding to the image of the correction plate in the [Robot Pose]
section. In the case of a robot with seven or more axes, enter only up to six axes (X, Y, Z, RX,

RY, and RZ?).

(2) dlick the [Save] button, and close the window.

Camera Calibration

Camera 1 ~

-57.730,1224.563,916.311,90.325,-43.570,-179.566

Pose |

Pose | -57.779,1224.578,916.354,75.603,-42.536,-169 483

‘ Pose ‘

-57,753,1224.512,916.328,95.980,-43 463,176,539 \|

-57.761,1224.568,916.320,90.400,-35.406,-179.612

‘ Pose

| Pose | -57.766,1224.572,916.326,90.236,-50,743,-179. 429

| Pase | -57.747,1224 568,916 342,90.322,-43 571 175.874

‘ Pose | -57.756,1224.571,916.331,90.323,-43.572,-175.045 | ‘

Tteration | |I Cam Calib. Error |

[Step 161

-113693,1224.576,916.342,90.322,-43.572,-179.562

| - It!ra!inn

Pose |

-14.037,1224 601,916.396,90

76,-179.555

Pose |

|I Pos. Error (Min) |

‘l Pas. Error (Max) |

¥, Save

‘ I .',’{,-"' Calibrati

(1) For the remaining images of the correction plate, repeat [Steps 14-15], and click the [Calibration]

button.

Please, wait for a while. It takes several minutes for computing

Calibration

[0] Calibration finished.

==

I
re

[Step 17]
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HRVision 3D-MultiLine

(1) The arithmetic operation may take some time. Wait until the “Wait for a while.” message window

disappears and the “Calibration finished.” window appears.
223995555

Pose | -57.779,1224 578,916.354,75.603,-42.536,-169 483

Camera Calibration

Camera 1 ~

Pose ‘ -57.730,1224.563,916.311,90.325,-43.570,-179.566

Pose | -57.753,1224.572,916.328 95.980,-43 463,176 539 ‘|

Pose | -57.766,1224.572,916.326,90.236,-50 743,-179.499 ‘I

Pose | -57.747,1224.568,916.342,90.322,-43 571,175.874

Pose | 14.0 1,915.396,90.31.6,-43.576.-179.55SI-

Pose | -57.756,1224.571,916.331,90.323,-43.57 1 5 ‘ Pnse| -113693,1224.576,916.342,90.322,-43.572,-179.562 ‘| -14/ 2
Tteration | 36 |I Cam Calib, Error | 0139 Iteration ‘ 6 |I Pos. Error (Min) | 0041 ‘l Pos. Error (Max) | 0.55! _rl | Calibration I ‘;, Savle_

[Step 18]

(1) Typically, the value of [Cam Calib. Error] will be no larger than 0.5.

(2) The error between a pose calculated by the camera and that recorded in the robot will not
typically exceed 1 mm. Check the [Pos. Error (Max)] value. A high pose error may occur if the
robot manipulator is not properly calibrated, if the robot is of a large size, if the distance between
the camera and the correction plate is large, or if the angle of the correction plate is highly
slanted.

The permissible error value of calibration should be determined depending on site conditions.

(3) Click the [Save] button to store the calibration result.

(4) Return to [Step 9], and repeat the same procedure for the remaining cameras.

HYUNDAI -
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3 Pattern Registration

lf 3. Pattern Registration

3.1. Pattern Registration Procedure

This section describes the process of registering patterns.

o5 HRVision 3D-MultiLine v2.0.0

AHYUNDAI & ] X .
ROBOTICS & 9 ’ ]
Settings Calibration Grab Live Exposure Search 3D Disp. Opti

Image Display

Light On Live Light On Live Light On Live

E Expc-sure o" “1.,\{1 E Ea(pc‘sure o‘ -‘ :_ Exp{iiule o c

[Step 1]

(1) If the camera is wrist-held, move it to the point for pattern registration.
(2) When the point’s pattern registration button (encircled in the above figure) is clicked, a window
will appear as shown in the following figure:

[ Pattern Registration
Camera

Car Model and Pattern Number
[Frame Grabber] GigE Vision: Basler: acA1300-60gm (22879398), [Video Format] Generic GigEVision (Mono) m Select a Car Model
) 1666 ms  Brightness 00 Contrast [
» w & ) 100 0 1 ° 1
Q [F|E Light On Registered Pattern Image
ol - Y - e
Live Display

# Space: (12, -386) ~ [Zoom: 10000 %

i} HYUNDAI
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HRVision 3D-MultiLine

| On/Off Img Light On Live I [V} On/Off Img Light On Live |} (7] On/Off Img Light On Live |} [¥] On/Off Img Light On Live

Cliff End Cliff Start Cliff Start Cliff End

[Step 2]

(1) In pattern registration, select the camera location so that the bent/cut surface of the workpiece
can be clearly detected.

(2) In the camera image, the starting point of the bent/cut surface will be expressed in [Cliff Start],
and the end point will be expressed in [Cliff End].

(3) As shown in the above figure, a [Cliff Start] for detecting the starting point of a line pattern and
a [Cliff End] for detecting the end point must be registered.

(4) When the line pattern projected on the workpiece overlaps the background, no [Cliff Start] or
[Cliff End] will be detected. Therefore, the camera location must be adjusted so that [Cliff Start]
and [Cliff End] can be clearly distinguished.

(5) The end point will not be detected clearly depending on the camera location if the curvature (R
value) of the bent surface is large. Therefore, it is recommended to detect a surface of a small
curvature or a cut surface.

Car Model and Patte:

U Select a Pattern
Contrast : ° 0.5 S

Registered Pattern Image
Light Off

[Step 3]

(1) Select a model number.

HYUNDAI -
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3 Pattern Registration

Pattern Registration
Camera

[Frame Grabber] GigE Vision: Basler: acA1300-60gm (22879398), [Video Format] Generic

Ex : 4 16.66
oS 0 20 D 80 80 100 s
N Light On ]

Average Intensity: -- Live Display |

[Step 4]

(1) dlick [Live Display], and check whether the focus of the camera on the projected pattern is clear
and the position is adequate.

(2) Turn off the line pattern light of the pattern projector, and disable the [Light On] checkbox. For
example, set [DO3=0] to turn off the line pattern light if the On/Off status of the pattern
projector is controlled by DO3 of the robot controller.

(3) dlick the [Grab] button to acquire an image.

(4) Turn on the line pattern light of the pattern projector, and enable the [Light On] checkbox. For
example, set [DO3=1] to turn on the line pattern light if the On/Off status of the pattern projector
is controlled by DO3 of the robot controller.

(5) dlick the [Grab] button to acquire an image.

(6) If images are acquired properly when the projector is on and off, an image with the line pattern

light off will appear in [Light Off], and an image with the light on will appear in [Light On], as
shown in the following figure.

Registered Pattern Image
Light Off

Light On

- HYUNDAI
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HRVision 3D-MultiLine

i

Pattern Registration
Camera Car Model and Pattern Number
Pl [Frame Grabber] GigE Vision: Basler: acA1300-60gm (22879398), [Video Format] Generic GigEVision (Monc) m Model 51
B 1666| ms  Brightness: 00/ Contrast: 05 m Eanemit
0 20 40 (] 80 100 0 1 ] 1

Registered Pattern Image
Light Off

kﬂ@sa ®] B #ﬁ Light On . ,;_|

Average Intensity: -

7 Apply H ¥ cancel ‘

Light On

m Registration

Search Region
KA ® Origin
(e w Center
OriginX | 0.00 | Orgin¥ 000
Width | 122000 | Height | 1024.00
Search
B
Display Option
Registered Pattern

2| Pattem Region
2| Search Region

# Space: (1240.97,1323) - [Zoom: 75.59 % [Value: 0

[Step 51

(1) dlick the pattern setting button.
(2) Adjust the pattern setting area using the mouse so that the starting point or the end point of

the line pattern appears in the image window.
(3) When the [Apply] button is clicked, the line patterns will appear in various colors, and the pattern
setting area will be indicated by a green rectangle, as shown in the following figure.

HYUNDAI -
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3 Pattern Registration

Pattern Registration

=

>
.

Cliff

Cliff
Start

End

[Step 6]

(M

(2)

3)

Click the [Cliff Start] or the [Cliff End] button depending on the part to be detected. The starting
point or the end point of the line pattern will be indicated by a [+] mark.

If the location of the starting point or end point is slightly offset because of excessive light
exposure or if a problem occurs in which a line pattern remains on the background, raise the
[Peak Threshold] value to an adequate level, as shown in the following image. (This is supported
only in a specific version or higher.)

A&« & & [FHE 0 ghton

Average Intensity: -- Live Display

0”@‘ Peak Threshold 40

If the desired part is not indicated, repeat the above procedure.

(4) If the starting point or end point is' properly detected, click the [Apply] button. The following

figure shows an example in which the starting point of a line pattern is detected.

- HYUNDAI
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HRVision 3D-MultiLine

Patter Registration i
Camera Car Model and Pattern Number
[Frame Grabber] GigE Vision: Basler: acA1300-60gm (22879398), [Video Format] Generic GigEVision (Mono) m M
Exposure:: 1 ms Brightness : Contrast m £at
0 20 40 60 80 100 0 1 0 1
O e @ e [FHE Light On — Registered Pattern Image
W e ad’ Apply || $€ Cancel Light Off

Average Intensity: -

Light On

ch Re
B &

Center

Origin X Origin ¥
Width Height
Search

e

Display Option
Registered Pattern
/| Pattern Region

_ || Search Region

| # Space: (764.693,1323) ~ [Zoom: 7559 % [Value:0

[Step 71

(1) Set the search area by clicking the [1 Pattern Search Areal button.

(2) Expand the search area to match the image size by clicking the [2 Maximize Areal button.

(3) Considering the movement range of the workpiece, adjust the pattern search area using the
mouse so that it is slightly larger than the pattern setting area.

(4) dlicking the [Apply] button will indicate the pattern search area in orange.

Search

Q

[Step 8]

(1) Click the [Search] button to check whether the registered pattern is properly detected.
(2) If the pattern is properly detected, apply the previous procedure to all the remaining cameras.

HYUNDAI -
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} 4 Fault Check

HRVision 3D-MultiLine

4.1. Vision Ready Error

a5 HRVision 3D-Multiline v2.0.0

A HYUNDAI |

ROBOTICS

'L e oo
\K- 7 E‘/@tﬁ/

ings | Calibration Grab Live Exposure Search ED) Disp. Option  Load Patten  Savelmage = Database

Image Display

% Robot Pesition
X (mm)

Y (mm)
e Z (mm)
RX (deg)
RY (deg)

(1) A [Vision Ready Error] will occur if the vision program is not in the [Automatic Model.
(2) In such cases, the [Ready (Auto Mode)] item will be indicated in red.

(3) dlick the [Manuall button, and check whether the mode enters the [Auto] mode.

(4) In the [Auto] mode, the [Ready (Auto Mode)] item will be ticked and indicated in black.

HYUNDAI -
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4 Fault Check

4.2. PLC Communication Error

o HRVision 30-MuftiLine v20.0 =S E=R

AHYUNDAI ¢ ] VA E 2 ¥e9 [].

ROBOTICS

D ) \ 3 7 & | [

Settings || Calibration Grab Live Exposure Search ED) Disp. Option | Load Pattem  Savelmage = Database

Q)]

(2)
(3)
(4)
(5)

Image Display Camera

Expasure
Model

|| on/0ff Img || Light On Ratg[ence Points

Password

File Management

RX (deg)
RY (deg)

Time  Message

[] Vision Reset

[] Ready (Aute Mode)
[7] Vision OK

[7] Vision NG

A [PLC Communication Error] will be issued if a problem occurs in the communication between the
vision program and the PLC.

Check whether the [PC Run] (PLC heartbeat) signal turns on and off repeatedly.

If not, check the [Settings > PLC] menu.

If [Non-Usel is ticked, select an adequate PLC type, such as [Mitsubishi]l and [Siemens].

If the error persists, check the LAN cable and the network status, including the IP address.

] HYUNDAI
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HRVision 3D-MultiLine

4.3. Vision NG Messages

Message Model Number Error
Cause This error will occur if a wrong model number is entered.
Action Enter the correct model number.
Message Calibration Error
Cause This error will occur if the program is not calibrated.
Action Refer to [2. Calibration] of this manual to calibrate the vision program.
Message Image Grab Error
Cause This error will occur if a problem occurs with the camera.
Action Check the camera and its cables.
Message Pattern Registration Error
Cause This error will occur if no pattern is registered.
Action Refer to [3. Pattern Registration] of this manual to register-and save a pattern.
Message Reference Points Error
Cause This error will occur if no reference point is registered.
Action Refer to [1.2. Reference Point Registration] of this manual to register and save reference
points.
Message Moving Distance Limit
Cause This error will occur if the moving distance of the workpiece exceeds the limit value.
Action In the [Settings ) Limit] menu, adjust the workpiece moving distance limit to an adequate
value.
Message Point Matching Limit
Cause This error will occur if the matching difference is large between the reference workpiece
and the measured workpiece.
. In the [Settings ) Limit] menu, adjust the point matching limit to an adequate value.
Action .
(Default value: 1 mm [mean errorl, 3 mm [maximum error])
Message Line Detection Failure / Recognition Failure
Cause These errors will occur if the workpiece is not recognized properly.
Action Contact a representative of Hyundai Robotics.

PH
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GRC: 477, Bundangsuseo-ro, Bundang-gu, Seongnam-si, Gyeonggi-do

Daegu: 50 Technosunhwan-ro 3-gil, Yuga-eup, Dalseong-gun, Daegu-si

Ulsan: Room 201-5, Automotive and Shipbuilding Engineering Hall, Maegoksaneop-ro 21, Buk-gu, Ulsan-si
Middle Region: Song-gok-gil 161, Yeomchi-eup, Asan-si, Chungcheongnam-do

Gwangju: Room 101, Building B, Pyeongdongsandan-ro 170-3, Gwangsan-gu, Gwangju-si

ARS 1588-9997 | 1 Robot Sales, 2 Service Sales, 3 Purchasing Consultation, 4 Customer Support, 5 Investment Queries, 6

Recruitment,

and Other Queries www.hyundai-robotics.com



