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HRVision 3D-MultiLine

a7 HRVision 3D-MultiLine v2.0.12

A HYUNDAI

ROBOTICS

Image Display

Gt

¢ 1 o
| Settings Calibration Exposure 3D
Camera
Model 2

On/Off Img LightOn |

[Step 1]

Reference Points

Communication Light On Live On/Off Img Light On

PLC

Limit

Password

File Management

(1) HI =AM [Settings] HES S=IBLICE

L= AEHS}
ey = |

(2) [Model] O LICE

Medel

[ Sub-Mos

del 1

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

= 3=

=] 4

w1 @ P’ .‘-'Sl
n?‘q o > 73

Model
Number

Roof & Cowl

- -
e =]

Tail Gate
Roof & Cowl (Sun-Roof)

o Close

[Step 2]
(1) BY HEE= 11~15, 21~25, 31~35, 121~125 St 20| £ XI2| Z2 M X2|420F Feh & AUSLICL
QUO| XISl 1~5 DEX|DE e & YSLICL
(2) T 0|22 oY ZHol A2 = [Savel HES =01 MTEILICL G2 S0 Ml Pt 38-X Sy ol of

dol= 22 Ho= 31 HALICH

HYUNDAI
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1. 718

12.7188 S

Jhu

Sot= B2 2Lk

rr

oIH ZoIM= =2l 7IEd

o
ojn

s HRVision 3D-MultiLine v2.0.12

AHYUNDAI [1 P 7/
ROBOTICS o : B o
Settings | Grab e Exposure
Camera

Model

Image Display

i Reference Points

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

Communication
PLC
Limit

Password

File Management

[Step 1]
(1) Q! HIsO0IM [Settings] HES Z=2IBILICE
(2) [Reference Points] HI'=& MEHSILICE,

Reference 3D Point / Hole to Hole Distance

Model Name Ref. Line Number

Displaymger
Model 51 (PD5 1) Sel @ -

Reference 3D Points

Ref. Line 4

wloo|~|on|w| e e

.
=3

[Step 2]

(1) [Display Number]& MEHSILICE
(2) [Display Numberl= ZHHIEE?E E80H= XIEQ| Mt Z&LIC

PH

HYUNDAI
ROBOTICS



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
003=0
END
*ERROR
END
[Step 3]
(1 <lel oiME Eoted TZHE{Q| 2tel IHE &2 On/Off Otd, THEIS EMlgt= 22 JOB T2 1dS of
=LICk
*1 HYUNDAI 1-4
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1. 712 €438

Reference 3D Point / Hole to Hole Distance E

Model Name Display Number Ref. Line Number

Model 51 (PD5 1) SelectaDisplay = Ref. Line 4

Reference 3D Points

= s\ | B
1
2
3
4
5
6
7
8
2

1060 | [ on | un| o[ ro e
b o [0 | || un| e s fro [ e
0o | ||| e fro |

0.000, 0.000, 0.000

.
o 1

[Step 4]

(1) D=HEQ] 22l IHE &2 On/Off 0, IIH2 EMHsH=E 22 JOB T2 10 3| HIEEILICL "3
2 [AvelZi0fl, Y2 FUT S [+]1Zt0 EAIELICE

(2) Hi2 FUCIJH 1mm E Y0{71M DHEo| H=0| B-EOICHE S£0|12 2, IR SE QIXIE HMHRALE o
d 2 HEO0] "HhE JULO| £K|E WEAMAIQ.

(3) ZHHIZPI 220 HAIE|0] JCHH [Robot Poseldl EX Zi0| MILHE S0 =X| EOIBtL|CE OFEHOI a
213 20| [Robot Pose]°| QEX 2|0 [RHEAIT M2 BAITI=X| ZHISILICE HIOIA ZtHAIC| &
[-171, 22 ZIHACl 2 [RI0l, AF2XL ZIHEAIC] B2 [Un] SO0l BEAIEIEZ dl= ZIHARZ 22 E
RE W) QEX| & ‘.’_lfé.’LIEr

0.000, 0.000, 0.000
0.000, 0.000, 0.000
(4) 2M7t gioM [Save] HES =2 MASILICE. 2|1, CHEE XI™Q| FHH2Hol CHHME 22 abde 43

LICE.

1-5 H HYUNDAI
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HRVision 3D-MultiLine
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2. d2jgold

HRVision 3D-MultiLine

2.1. &5

ol Ho| M2

V2.0.12 O[5t EHZOIIZH SHSEILICE

[Step 1]

(1) HZUE AR ZF FIKIAIZLICE
(2) #ZEH01M S5 AITIX| HEL2

HL

[

S0 QHEILICE (HEED 22 HIOIA ALOI2] ZHA|(SIXIQ BE)
¢ 178010{0F ELICL)

s HRVision 3D-MultiLine v2.0.12

.

AHYUNDAI &0 A1 ) ’4\

ROBOTICS

7 AN . o
Settings Calibration Grab

Exposure Search 3D
Image Display

Camera Calibration 2

Robot-Camera Calibration

[Step 2]

HID Hyunpal 2-2
ROBOTICS



2. dc|EgolM

Camera Calibration (=]

Light Off (Camera) Light On (Projector)

= - \‘\‘\

\ A

\
T

3 1
d [ Q Gr:b_n' x/j Calib.

Calib. Error \:’ ' ' Exposure

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

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

i// Get CurrentRobot Pose. v'/

[Step 3]
(1) TZHEo| IHE XYS N 21% [Grab] HES 22010 J&o| AF U Y| HEHE EHOIELICE
(2) Z2HE{C] IfH TYS H QEX [Grabl HES S=IILICEL Y9l T A 97| SEIE =QIgiLICt
F (=13

(3) HQst AL gt & S [Exposure] ZH0f| Xof ot
(4) 259| #1j IXE [Robot Pose] ZI0 H&LICE 20| 3t CHTF A
EE 2¥0o| XAE X3, o8] 7F 352 XEAHE AI0t= B0l AI2AL ZHHAIZ 7ISE 229
EXE NMELICL

y
= 9
o —
E
P
w3
1
Y O

2-3 H HYUNDAI
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HRVision 3D-MultiLine

iy

I 28 FAF 91X B2 IHE 2 FAF IX] LS

Top
Bottom

HRVision 3D-MultiLine Calibration Patiem

[Step 4]

(1) ZZHEOIM FARZH 7702] M0 HYLC| RuAR(AZMoZ BAICH Y% ARIEOl iR 39 Lol Ct
SO0{QEX| SHelLICt

(2) REIAS HOjLE= MO| AW HFMO| XLt Y&S XMEO| XECH F [Step 3]RE CHAl SYELI
Ct.

H D Hyunpal 2-4
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2. dc|EgolM

Camera Calibration ®

Light Off (Camera) Light On (Projector)

e
\" \\‘.‘\ ‘\

W

A

2 e
Calib. Error osure ‘ Q o ‘ o] caiib: Calib.Eror [ - | [ Q cub H ] caib. I

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

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

f// Get CurrentRobot Pose.

[Step 5]
(1) 21% [Calib] HES 2=ttt F 2% SIHOM HFYTO| FLIt & AEEIUEK] ZOISLICE (WM MK}
DYoZ HAIELICEL)
(2) YU™OZ [Calib. Error]Ql 2 1.0 & @Al Y¥&LICE 1.0 7t He E2E HH2iel =T W $H7| SEl7t
HEOIX| @47iLt HFTO| IX|Lt W0l X ot HFLe| AE eIt HolXl= B YULICL
0] Z2 7HH2te] £ X YIS CIA| ohd ztolsty B7PEo| XILE WES HIE 2 [Step 318E CHAl
SHBHLICE

Warning @

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

(3) %It 22 B HO| LIEHLIH BFTO0| 712802 &R MATIUHMLE HFYL F0|§ 2R AR 0|
LI CHAl HIZfeH = A2[H|oldE 4% [

2-5 H HYUNDAI
ROBOTICS



HRVision 3D-MultiLine

Camera Calibration =

Light Off (Camera) Light On (Projector)

e

\ \\\\\\ g

. //////

o oS /
Calib.Eror [ - | l Q cuv ] caib:

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 |

/  Get CurrentRobot.P 2
4 urrent Rol ose \—f Save

[Step 6]
(1) QEZX [Calib.] HES Z=IelLICL
(2) REX MM IHE ZYOo| & HEEIU=X] &olstL|Ch HA=0] & kIUS B2 [Save] HES F211

g ‘:*" JHA| 42 B2 [Step 312E CHA| +YEILICE

a2 HRVision 3D-MultiLine v2.0.12

AHYUNDAI A1 ““ : }k
ROBOTICS . : : L] N
Settmgs Calibration Grab Live Exposure Seard 3D

Camera Calibration

Image Display

Robot-Camera Calibration 2

[] On/Off Img [T Light On  [] Live

[C] On/OffImg [7] Light On [T] Live ] LightOn |

[Step 7]

(1) M Hi=0lM [Calibration] HES Z=IglLICE
(2) [Robot-Camera Calibration] HES MEHSHL|CE

HID Hyunpal 2-6
ROBOTICS



2. dc|EgolM

Robot-Camera Calibration El

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
Qutput
Transformation Matrix Transformation Error

»j’_f(allbratlon 4 : 6

[Step 81

(1) 7HHi2} HSE MEHSILICE Bt JHO| FHHRITH AR Z0S [1(L1)]S Meyoiat SLIC
(2) ENEO| Al2tEo| 3712 MMSILICL YUMOZ [10mm]S MENOE TLICL AIRAPL Qo2 HEmS
RISIOIE B 20l 2 Arzigol 3718 Meotad SLICE

(3) B8l Y x-S EIESt F X, Y, Z@2 FE0t0 [Robot 3D Points] 2t M&LICE EFEY 91Xt &M
= Okl O3S EELICh

2-7 H HYUNDAI
ROBOTICS



HRVision 3D-MultiLine

HRVision 3D-MuftiLine Calibration Pattem

(4) [Calibration] HES *=ELICtL

(5) YUXOZ [Transformation Errorl= Tmm & EX| Q&LICE JHLH 2 2= HEMO| MUZ Q1A7t
SIX] QUULE (BT HIZRL|o| ARZFHEo| A7t XIFEl 3717t ol HR), EIEES ZIOIUHLL =22
O] Z2|EYI0|M0] £I0] UKX| A4S B SO0|OZ LCIA| SHH ZQIGEA|7| HIZILIC

(6) BE Zi0] HMIliZ LHUEIRNOM [Save] HES =2 MESH = &2 SHELICL

H HYUNDAI 2-8
ROBOTICS



2. dc|EgolM

OI'H ZHO| HE2 V2.3.0 014 HTONZ oSELIC

(1) HEUHE 2RO S0 & FA-LICL (B2 2X9| R1 =0 AZE|0] A0I0F YLICE CHE =0l 2=

T

(2) Z2EH01d B8 AT HEU2 2R S0M =S

I QIEILICE (HZT 28 & ALOI2] AI(%
X2t Hehe 2 1FolojofF gLICt)

o5l HRVision 3D-MultiLine v3.0.7

A HYUNDAI

ROBOTICS

A };&
i L] \
Calibraticn G i 5

Grab Live

Image Display

Camera-Projector Calibration

Camera-Robot Calibration by M

[Step 2]
(1) HI2! HI%O0IA [Calibration] HES Z2IELICE

=2 21-g

(2) [Camera-Projector Calibration] HES MEHSIL|CE

HD rosorics




HRVision 3D-MultiLine

Camera Calibration

[Step 31

(1) Z2HYO|¥E +¥Y FHHZt HZE MEBLIC

Camera Calibration

]
Light Off (Camera) Light On (Projector)

1
Calib. Error Zl H Exposure ' ° GIW (,4{ Calib. ] Calib. Error :l ' ‘ ° Grab /”f.’," Calib.
Robot Pose (X, Y, Z, RX, RY, RZ)
0.000, 0.000, 0.000, 0.000, 0.000, 0.000
[Step 4]
(1) Z2HEQ| IHE XYE N1 % [Grab] HES 2200 ¥l X£F R 7| JEIS SIFLICE
(2) T2HEQ| IS ABS H1 Q% [Grab] HES SUULICL Bl X3 X $17| MEHS oI |Ct
(3) QP B FtHet &= S [Exposure] ZHOl MO L2 7|2 ZEELICE
(4) 7HHIZ2E2t 10 8%l U= B2 [Robot Poseli= MA| S&LICE

) H D Hyunoar

ROBOTICS




2. dc|EgolM

i
il

Top
Bottom

HRVision 3D-MultiLine Calibration Patiem HRVision 30-MultiLine Calibration Pattern

I 28 FAF 91X B2 IHE 2 FAF IX] LS

[Step 5]

(3) ZZHEOIM AR 7702] M0 HYLC| RuAR(AZMOZ BAICH Y% ARIEOl LiE 39 Lol Ct
SO0{QEX| SHelLICt

(4) REIBAS HOjLE= MO| ACH BYWO| AXIQt AES MEO| ZES = [Step 4]F2E CHAl 2YEL]
Ct.

2-11 HYUNDAI
) FID Rosorics



HRVision 3D-MultiLine

(]

Camera Calibration

Light On (Projector)

Light Off (Camera)

A calib.

Calib. Error Exposure ‘ ' ° Grab ‘ ,{,4/; Calib. Calib. Error ‘:I ‘ ° Grab ]
Robot Pose (X, Y, Z, RX, RY, RZ)

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

[Step 6]
(1) 2% [Calib.] HES 2ot = 2% SN HFYEO| L7t Z AEEIUE=X] BHQIBILICE (WZHH MA}

DYoZ HAIELICL)
(2) 28O = [Calib. Error]2l &2 1.0 & BXl RELICE 1.0 7t He 3R= FHHIZIl 2 71 SEi7t
HZOIK| W7 L HEEQ| IX|Ll &0l K| 5ot 2| HE JJt BoXl= ZLYULICL

0] 32 FtHi2tel ZAF X #1715 CAl THH 21010t HETO| IX|LE WS HEE = [Step 415 E CHA|
ABHSH |CT.
Tod

Warning @

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

(3) %It 22 B HO| LIEHLIH BFTO| 712802 &R MATIUHMLE HFPL S0|§ 2R 2ARH 0|1
LI CHAl HIZfeH = A2[He|018E +Hok= 2HE ADYLICE

HYUNDAI -
) H ROBOTICS 212



2. dc|EgolM

Camera Calibration

Light Off (Camera)

Light On (Projector)

Calib. Error H Exposure ‘ ‘ ° Grab H ,{r,’ff Calib. ]
Robot Pose (X, Y, Z, RX, RY, RZ)

Calib. Error [:” ‘ Q orb ” A calib, T

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

[Step 71

(1) REZ [Calib.] HES 2=IYLICL
(2) QEZ ATOIM INE ZHO| & HELIUYSX] 2HAFLICE HEO| & ZIUS B2 [Save]l HEE 21
S B, JYKX| WS B2 [Step 412E CHA| +YEILICE

a2 HRVision 3D-Multiline v3.0.7

A HYUN DAI A ;
ROBOTICS wo— L] \
Calibration Grab Live Exposure Search 3D
Image Display Camera-Projector Calibration

Camera-Robot Calibration by Motion 2

[] On/0ff Img [l Light On [ Live Jf [C] On/OffImg [T] Light On  [C] Live

[C] On/Off Img ] Light On [

[Step 8]

(1) HI2! H=0lM [Calibration] HES Z2I8fLILCE
(2) [Camera-Robot Calibration by Motion] HES MEHSILICE

—

2-13 HYUNDAI
y HD rdsorics



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 Pos& 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 |‘

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

[Step 9]

(1) Z2HY0|¥ME ~UY FHH2t HDE MEHBLICE

(2) A HH 2% Y 2AUS 2=0t0] ME2 S SSLICE X Hi g2 =28 A HEIUO| M=
[Step 2 ~ 7]00M AFSRE Ziat SAOHOF ELICE F, 2ROILI HYLS CIE QIXILE YZo=z XA
= QrELICE

Camera Calibration

Exposure 16.66

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) Live HES %2 2, 40| A U #I| HEiS Holgn|ct,
(2) LY AL It =& 22 [Exposure] ZI0| H0| YU 9|2 ZHEMICE

HYUNDAI -
H ROBOTICS 214




Camera Calibration

=y

Clear l ° Grab l W Live [\.\ De‘ﬁ-l Load l

Robot Pose l 000.000. 000.000. 000.000. 000.000. 000.000. 000.000

[Step 11]

(1) [Detect] HES +& =, 200 HZMO| 2 ASEIUA=A] 2AEILICE
£

(2) A0 & =IUE B2 [Save] HES 211 ¥2 EELICL
J™X| 42 B2 [Step 10]2E CIAl SYEILIC
(3) EIx] HEEZ ZX0O| ¥Xf ?IXIE 7IS0HSLICEL

2. dc|EgolM

PH

HYUNDAI
ROBOTICS



HRVision 3D-MultiLine

Camera Calibration
Camera [ ~

.

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

Pose

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 |‘

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

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

[leretion| |I Cam Calib, Errcr| - I Tteration [ —1I Pos. Errar (Min) r I Pos. Error (Max) | ‘I ',‘f,-' Calibration ¥, Save
[Step 12]
(1) EXS SEOM HZMO| XL WS HHYZHH LIHX] 8 7He| X0l CHOHME [Step 10 ~ 11121 ZAt
B LueHLIC,
E|A 3K OIS0IM KMI(RIXIRE )7 CHE 2YTH0| Z78%/0{0F BLICH

BT Wk wivt glo| SIkITt

EIX] HIHEOIM RX-, RX+, RY-

N &0t 28 AL

HHOIAIF | A2 |HI0]H0] SBEIX] QFELICE
, RY+, RZ-, RZ+ HHEE OI80M LS HIOVHH, & 7 XIE 0180

HYUNDAI
ROBOTICS

H
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2. dc|EgolM

Camera Ca

Camera

libration

H -

. “|||||||||||

‘ 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

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

Tteration

| = ‘I Cam Calib, Error | - ]

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 Pos. Error (Min) _

]—I Pos. Error (Max) [ = ‘I.',‘f,f Calibration ¥, Save

Program File Format Version : 1.6 MechType: 70(HAB20-81) TotalAxis: 6 AuxAxis: @
s1 MOVE P,5=60%,A=1,T=6 (-57.730,1224.563,916.311,90.325,-43.570,-179.566,8H0040)
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 (-57.779,1224.578,916.354,75.6083,-42.536,-169.483,8H0048)
sS4 MOVE P,S: 0%,A=1,T=6 (-57.761,1224.568,916.320,90.400,-35.406,-179.612,8H0040)
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=60%,A=1,T=6 (-57.756,1224.571,916.331,98.323,-43.572,-175.045,4H0048)
S8 MOVE P,S=60%,A=1,T=6 (-113.693,1224.576,916.342,90.322,-43.572,-179.562,8H00408)
S9  MOVE P,S: 60%,A=1,T=6 (-14.837,1224.601,916.396,90.316,-43.576,-179.555,8H0048)
END
[Step 131

(1) 28T 30| Z AU=SENU

(2)

oM USB =

2 JOB IHYg PC 2 JHMSLICE
J|=E Mol AEAT B2T

HE BiTfjo] R0 AISY

o3

A=

2 HRView §°| TS 0|2

T 22 AIMZ &0 AW HES I HAIZ §
BR0l= HIOIA ZtHA|, of2{lie] 2RE SSQZE AIEY BR0l= A8XL
ZHAZ 715501 A0k BLICE

ot0 BET JY0fl [iSot= 2

HEHSLICH

2-17
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HRVision 3D-MultiLine

Camera Calibration
Camera [ ~

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

f
dor T ] , 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

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

‘ Pose

‘ 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 Errcr| \ I Tteration [ I Pes. Error (Min) r I Pos. Error (Max) | ‘I ‘f Calibration I ¥, Save
[Step 14]
(1) BEEO0| 5YE M =2 Pose ZHS SEIELICL

Camera Calibration

Exposure 1666 ‘

Clear l ° Grab l

Lwe l =< Detect l . Load l

Robot Pose l

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

HYUNDAI
ROBOTICS

H
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2. dc|EgolM

[Step 15]

(1) BEE S0l th8kl= 2RC| XXE [Robot Pose] Zioll &AEILICE 7 = 012 2R BRUE 6 =
TRl (X, Y, Z, RX, RY, RZ)2F =gfL|Ct.
(2) Save HES Y21 TS EHELICL

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

‘ Pose ‘ -57.761,1224.568,916.320,90.400, -35.406,-179.612 -57.747,1224.568,916.342,90.322,-43 571,175.874

Pose | -14.037,1224.601,916.396,90 76,-179.555

‘I',’f Calibration l ¥, Save

‘Pnse| -57.756,1224.571,916.331,90.323,-43.572,-175.045 ” Pose | -113.693,1224.576916342,90.322,-43.572,-179.562 \|

Tteration | = |I Cam Calib, Error | = | - Tteration ‘ = |I Pos. Error (Min) | = ‘ | Pos, Errer (Max)

[Step 16]
(1) LHHX| 27-8Tt QAo CHOH [Step 14 ~ 1512 HH=38t = [Calibration] HES YSELICL

Calibration [==3a]

[0] Calibration finished.

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

ot
re

[Step 17]

(1) Qetiok= AIZI0l &5 ZELICL Al 7ICkRIZEE HIAIX] S0l ALZHAILD, Z2[HI0]¥0] 2tgElUCHE &
Ol Lk2 WH7HX| 7|CHELICE

2-19 HYUNDAI
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HRVision 3D-MultiLine

Camera Calibration

Camera 1 ~

B

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

e : .II

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 | -57.756,1224.571,916.331,90.323,-43.57

Pose | -113693,1224.576,916.342,90.322,-43.572,-179.562 u

Pose | -14.0 1,916.396,90.316,-43.576,-179 555I-

2

Hteration | 36 |I Cam Calib. Error | 013

Tteration [ 6 I Pes. Error (Min) r 0041 JI Pos, Error (Max) | 0.55 I A Calibration I é Savle-

[Step 18]
(1) Lo [Cam Calib. Errorl= 0.5 O[6F7F LESLICE.

(2) FHHIZIOIA Q&ror IXQF 2RO 7|EE EX AO[Q] Ol2i= LYHOZ 1mm & HXAI ¥&LICL [Pos.

Error (Max)] @f2 ZQIoHMAIL.
22 27t Ae2=0[40] HHE ZI0f AKX &
AR, BT ZI It MoHA 7I20iT 3R XX
SIT Ao A #2|EYI0lM 618 At S THTIORAOF BHLICE

(3) [Save] HES £2l6t0] Z2|H0ld ZutE MTELICEL

(4) [Step 9] SHAHIZ SOI7tA LHHX| FHHIZI0 CHOHME SsH 2idg it

o
e 3

[

o
T

i 229 3L, FiHZtet 2T A0t ™

o217t 2 4 JASLICE
C

HYUNDAI -
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HRVision 3D-MultiLine

a5 HRVision 3D-MultiLine v2.0.0

AHYUNDAI & 7/ i

ROBOTICS i

lSettings Calibration Grab Live Exposure

30 Disp. Opti

Image Display

On/Off Img Light On Live Light On Live

Exposure No Exposure [ |
= ° Image = °

Light On Live

ml Exposure ° &

[Step 1]

(1) 7HHIE &30 £AE|0] ACHH THHE SHOLLAt Ot= AIEHA] OISELIC
(2) DHEIS SE|OLIAL 0k= X2l IHE S5 HE(RICl J-0IM S22 BEAIRH HE)S 2261 ofH

=2 o/

O| AHI} Z+2 AHQ| LIEFLILICE
9| FYit &2 FO| LIEFHLICE

| Pattern Registration a

Camera Car Model and Pattern Number
[Frame Grabber] GgE Vision: Baskr: acAL00-60gm (22879398), _[Video Format] Generi GigEVision (Mono BT scccts cortiosel ~
1666 m: nghtne 0 Contrast 05 m
2 40 60 100 s . SRR o 1 . °

80
QAR (HE Light On g
it | @)

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

Registered Pattern Image

Light Off

\‘mo"

Pattern Registration

Search Region

kA ® Origin
A ew Center
Origin X Origin ¥
Width Height
Search
=)
2
Display Option
Registered Pattern
7 Pattern Region
_ |/ Search Region

HID Hyunpal 3-2
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7| On/Off Img Light On [ | Live |} V] On/Off Img LightOn "] Live || (7] On/Off Img Light On |71 Live |} [¥] On/OffImg

3. IE

ra
oin
J

Light On Live

Cliff End Cliff Start Cliff Start

[Step 2]

(1) TEHS S5 Hols AP=Sel 2T/
(2) 7HHI2t YoM ZIT/ZTHHO| ASEIE ?IXl= [Ciff Start], ELk=
ALEELIC

Cliff End

(3) 2lel FYoIMet 20| 2t THEIO] AIXtEl= fIXIE HE0RAM [Ciff Start] €, ELt=

[Cliff End]E DHEIC 2 SSoHoF HLICE

| & LIEILIEE FHHIZIC| RIS H7Z0HOF &LICE
fIXl= [Cliff Endl2k= OIS2=

FIXIE HEOHH

(4) ZHS0| FAFE 2fel THEO| HZat AXIH [Cliff Start]Lt [Cliff Endl?t Z=%IXI @fCLl, 7iHI2iel ¢
XIE & 278010 [Cliff StartlLt [Cliff End]7t & 2 2%I=5 01Ok SLICH

(5) He

Ol XLt &

230 S8R N0| 2 FHHIZI| 2IX|0f w2t B0l SO A=K Beb=, 28
EIIS MoK 2 AL
()
Contrast : ° U 7 0.5
Registered Pattern Image
" Light Off
[Step 31

(1) 22 HoE MEMSIL|CE

3-23
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HRVision 3D-MultiLine

Pattern Registration
Camera

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

Exposure: ’ 1666 ms
0 20 p 60 80 100

R e & e [H[ Lighton [ gy ] (g

Average Intensity: -- Live Display |

[Step 4]

(1) [Live Display]l& tI3gt 2 7HHI2tet Z=HE{Q| NHEIQ| X I B HE=X|, IXIIH HEOIK| 2HOILICE

(2) Y Z=HEQ| 2t IHEH &g 11, [Light On]el M3 YAS OIRAZ 22010 SHMIELICE OIS S
of, I Z=2HE{9] On/Off & EX HI0{7|2] DO3 2= I1I01".’_HZFF_1 [DO3=0]c= #7Foi0{ 22! IiH
I'_I'o II.LIEI-

(3) [Grab] HES =81 &S &SELICt

(4) T EE’EIHQI 2fel I &2 AL, [Light Onlel M3 HAS ORAZ 22010 MIYLICL OIS
of, If¥ Z=2HE{Q| On/Off & EX M017|2] DO3 22 HIOCICHH [DO3=1]12 &F0ot0] 2l IHE
2 FLICkL

(5) [Grab] HES =2 &S USELICL

(6) HZHEQ| On/Off YO0l MHE 2SEIRACHH OkHel Sk Z0l [Light Offldll= 2t IHE &0l
Off & ¥&0I, [Light On]0l= 2t THE ZO0[ On & Y&0| 2t HAIELIC.

r

O M

Registered Pattern Image
Light Off

Light On

HYUNDAI -
) HD Rrosorics 3724



3. i 8%

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

Exposure: 1666 ms  Brightness: 00/ Contrast: 05 m )
0 20 40 (] 80 100 0 1 ] 1

N e e & | HE @ - : Registered Pattern Image

Y | | Lol Apply H ¥ cancel Light Off

Average Intensity: - b 3 ’

Light On

m Registration

Search Region
KA ® Origin
(e w Center
Origin X Origin¥. 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 5]

(M
()
3)

I 28 HES S=IYLICE
Jg SHHOIM 2l T S S0| S0LE OIRAZ IIH 28 JYS 2
[Apply] HES FE2H, Oli] Jut 20| 2! IjH2 CHET Myo=z, IiH 28 A2 XZMo=

HAIELICE

3-25 HYUNDAI
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HRVision 3D-MultiLine

Pattern Registration

=

Cliff
End

Cliff
Start

[Step 6]

(1) HEOLIX} ok= 2RI00 w2t [Cliff Start] £2 [Cliff End] HES FELICEL 2t TS| AIRE 52
20| [+] 2¥o=z BAIELICL
(2) AEE 52 279 AT A=t R L EZ 4ZF ORLIUCHH, Z2 HHIB0E 2! THEO0| HofUN &

M7t “4ZICHH [Peak Threshold] 2t Of2i2t 20| HEE UCE =OIFLICEL (B8 HE o1& XIR)

[

kw8 R ([ Light On

Average Intensity: -- Live Display

OHQ‘ Peak Threshold 40

(3) Tef, Aok 220 HAIZE RIX| SS=CHH Ol ZAIE H0H0 CHA| +YEILICH
(4) 2I2 IHEIQ| AIXY =22 EF0| & AEEIAUCH [Apply]l HES FELICL OfHel SYoM= 2t I
Hof AIZFHol A=E OILICE

HYUNDAI -
) HD Rrosorics 3726



3. i 8%

Pattern Registration
Camera

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

Exposure : s Brightness :
pOsure o m: rightness:

20
RO @ e [HE

Average Intensity: -

40 60

Light On

=

Car Model and Pattern Number
Contnt ,Los) RN

Registered Pattern Image
Light Off

’ Apply

|| 9 cancel

Light On

© Origin
== Center
Origin X Origin Y
Width Height
Search
)
Display Option
Registered Pattern
/| Pattern Region
/| Search Region
[ #Space: (764.693,1323) ~[Zoom: 7559 % [Value:0
[Step 71
(D [1 oY B Q] HES =2 B YAsS 23 & USLICL
(2) [2 TH ¥ 2] HES L2 MY Holo] Q40| T7I9F SUSHAH LFELICE
(3) AUSO| OIF WIS T2{OI0] IS AT PIECH X2 O IH INE EMY YIS OIRAZ RFLICK
(4) [Apply] HES =20 IjH £ Hoie Fghioz HAIELICH
Search
<
B
[Step 8]
(1) [EM] HES =2 SEC IHE0| & AEkl= Al EHlgLIC
(2) Z A0l &IH Q0N 7|1£TH ZAIE LIHA| 2= FHHZ0IE HERLICE

3-27
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4. 18 dd

4.1. H|® ZH| o2 (Vision Ready Error)

a5 HRVision 3D-Multiline v2.0.0

AHYUNDAI ¢ A/ R E 2 #e9

ROBOTICS

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) HI™ ZZ2330| [XIS RE]7F Ol B, [Vision Ready Error] 7} S/ HSHLICE

(2) 0] B2 [Ready (Auto Mode)] &=0| W7MHoZ FAEIL|CE

(3) [Manuall HES 228t = [Auto] ZEZ HHIEX] EOIOHMIQ.

(4) [Auto] BEQI B2 [Ready (Auto Mode)] ¥=0| M3 HEMOZ HAIELICEL

4-29 HYUNDAI
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HRVision 3D-MultiLine

4.2. PLC 82! 0fl2{ (PLC Communication Error)

3= HRVision 3D-MultiLine v2.0.0

AHYUNDAI| )& 7/

ROBOTICS &

JaN o N\ 3 = ; VAN
Settings | Calibration Grab Live Exposure Search ED) Disp. Option | Load Pattem  Savelmage = Database

No
Image

Image Display Camera

[] On/ff Img [] Light On

[] On/Gff Img [ Light on [] Live || [7] On/OffImg

Exposure
Model

Balerence Points

Password

File Management

X (mm)
Y (mm)
Z (mm)
RX (deg)

RY (deg)

RZ (deg)
Coordi.

PLC Ce. nmunication

No

Output

Date  Time Message

- - Model
[7] Vision Reset

[F] Ready (Auto Mode)
| F2P4 - I ] Vision OK

Mea:
P3 Meas,

] Vision NG
m - H Meas. Shift

]

p—
- | - e - ] “ime . I -

Q)]
()
(3)
(4)
(5)

HI™ T2 30F PLC AtO[C] S0l 2/I7t ‘471M, [PLC communication error] 7} W/ ESiL|CE
[PC Run] (PLC Heart Beat) 41z7} H2Xo g HX|D HXI=X| ZHQISLICE

J™X| o™ [Settings — PLC] MRS OIBHLICY

[Non-Usel7t HIZE|0] U= BL, [MitsubishilLl [Siemens]S XEt PLC ZRE MEHEILICE
Oj™0| SEIX| Q= EL, LAN HOIZO0ILE IP FA S°| HERT HEIE EOIoiM Q.

HYUNDAI -
) H ROBOTICS 4-30
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4.3. HIF NG HIAIX]

HIAIX] Model Number Error
ol O HHo 22 AT FL, 0] o2/ wEeiLICt
0HZ W @ HOE SHiZH| HIRMIR
HIAIX| Calibration Error
ol A2 Y01M0] E[0] UAKX| 2 FL, 0] Gle{7t LUSIL|C

=
OiZ ¥y | 2 Z23AMQ [2. E2HYI0M]S HOOHH, HIT Z2|HY0|HMS SHOMQ.

HIAIX| Image Grab Error
el FHHIZIo SHI7F 4471 B, 0] o247t LAHSILICE
OiZ & | FHHI2It FHHIZE Hlol2 8 TAHIMIQ.

HIAIX] Pattern Registration Error
ol IHE0] S0 UK 42 L, 0] ollz{7}F LdstLICE

OiZ By | 2 23AM9 [3. IiE S5IS 11010, IiTHE S=ot0 MIotMQ.

HIAIX| Reference Points Error
g9l 7|1280] SEEI0 UX| 42 FL, 0] diz{7t

02 &Y | & d¥Mel [1.2. 7IEY SE]1S ©oi04, 7

PYRILICE

Hg SE0tD M.

My | M

HIAIX| Moving Distance Limit
ol ARASO| 0ISHO| MTE 2tE XuIet 32, 0 ofl2{7} wEetLICt

OHZ ¥ | [Settings - Limit] HI=0IM Z{&lE 0I5 MITH &2 MT0| HFHUSLICE

HIAIX| Point Matching Limit
ol & HASA £ FHF AL0|Q] 1Y AP 2 B wdelL|Ct

=
[Settings - Limit] HIw0IAM OHE Mt 2tS 20| HFYFELICE (71232% Tmm (02 ), 3mm

UH?:I [=14=;]
= °% | (o )
HIAIX] Line Detection Failure / Recognition Failure
el SIAS0| Q120 MICHE EIX] 42 3L LlELICL

OHZ B | Wl =HEA SHIXI0A AEIOIMIL.

4-31 HYUNDAI
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