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Abstract

In this study. we constructed a preview-sensing visual sensor system for weld seam tracking in GMA
welding. The visual sensor consists of a CCD camera, a diode laser system with a cylindrical lens and a
band-pass-filter to overcome the degrading of image due to spatters and/or arc light.

To obtain weld joint position and edge points accurately from the captured image. we compared Hough
transform method with central difference method. As a result, we present Hough transform method can
more accurately extract the points and it can be applied to real time weld seam tracking. Image
processing is carried out to extract straight lines that express laser stripe. After extracting the lines,
weld joint position and edge points is determined by intersecting points of the lines. Although a spatter
trace is in the image, it is possible to recognize the position of weld joint. Weld seam tracking was
precisely implemented with adopting Hough transform method, and it is possible to track the weld
seam in the case of offset angle is in the region of +15°,

(Received October 7. 1999)

Key Words : Visual sensor, Weld seam tracking, Structured light, Hough transform, Data regeneration method, Central difference

method

1. A =

SHZTHL 2, A ol AH4AY F 4
2 thokgl At Rofd da] ol&¥m glE dEHQ
FAo|t}. oA 4 FHE 1 18 P Fajrtx
o2 sty iAol detsta SHA upel 2
of Y&L nA g YAl T FHELS 93
AFe o] ALH oA g}

olg] gt =l £HFY ot BY, FAA] T

o}

ot ¢

321

2 7 8le oA 84 F 9 Sl tEE diAe]
ot} ¢d9 &3FE & o g4 =
T FHET ol 84 2 3 3

ol e AP AEFE dHde A= E F8
stk ofa &4 2R& AT A Al2Rle 0| 33
Y FEde & AEE 5 URE AN d=rt &7
g 487t 3led, 92 71 B ZAEZ YR
4 A8d 5 glojol st ofAR, ~dY, AV F &
g &Rl ta Fsta A4 s o] BagEojof &
O ol E BA S WA fjete] theke AN

5

Journal of KWS, Vol. 18, No. 3, June, 2000



GMA £3AA &34 328 Al ZAx e gdAed #d 9

61

H] o

rir
oo
o)

A
P ooff 38

| AdsEn dew, 1 F AZAA
Ao oy} £3 ZJES IS AAE
O el mE AP Y2, golo] FH
dopd = Qb A|ZHAlA o] A3 EEstdo
=M 1980 Y 23 AFATH}F RHJYL
VR WA A R 5 38 AT E
gubsiA Hagso] gtrh, FuoAE 1990 Y =
HA7F HRH7] AlFstHon? Fefjol EolM &
ATHES Eolm .
ATl e 2FFF AFGAMNE AA, A%st
EHTHFY o2y ¢ 2dE 59 “°]"°ﬂ
= AP E st 4F AYUEE
sjele) wjab HAe] Vet s 2
doz sted 234 YAl T
T FAAER L FRighde A
Fdth of71M FRHEhHe o g
2 FEEHo $EEE HAn
Ao 2 33l7] 93 Tt
Do) AR &3M HESY

Eal
b3

>.
I
b
f

oo 2 v =

o]

e

i
rSL'

ot ff T

o2
)
=

o

r l

>
=

o L o
L
b«

ot [N
5
o -
o2
tlo

A g
o o
X

Ay

i

oL
rﬂz

9\_\3

op on ofp
2 o mi e
S

=z

o,
AL
ol

4o op
. )
O E

o re
> 1o

rx
o |m

T.z

(

roove) %

<
e
i
UQ

o
Lok
e
oy
38
« 3

2. NZHHMe| M o B

2.1 AJZHIA

AR d=s A tole= #HolA (diode
CCD MM & (Charge Coupled Device
Camera), W EAZE (band pass filter) & F4
o] glen] I FEE Fig.1ol Vet #d o
2 2494 692.5nme] tho] 2 = oM E AE-3IH
on A%y dA=rt FAH Uk, TR wE

. /— CCD Camera

Band pass filter

laser),

Diode laser with
cylindrical lens

Glass window

Workpiece

| PP77777Z 2727772 7A . ]

Fig. 1 Configuration of visual sensor

REEHEGS B 184 H3, 20004 64

thol o= golAdMe Bd2 9l dAtle] WEE
gol 7] 98l Fig.29 2ol 50849 H4& T3 5
23 A49¢ P er 18 $3td 694.4+5nm
o] EEHIHE e} A= kol et

878 e FPFLEs ZA9 CceDAE A=
o A7} 180mmeY W XS (EH o Q) W
gh el al'se] 0.1lmm7t HE= AA e 7] AW
FE AAsAT. golA tolesy Ut o R Fiy)
g} dlzo] 2423 20°~ 40°9) 4E2 B BA}
Hed? ol gae] A FHF A A71E 183t
o BEALZ ()& 25° 2 ey o 4ee 24 7te
stch. o] w Zaje} sl @lze) 2 A 2EL F
FHoltt, EAA Y golA e Zol= 85mm,
& 0.2~0.3mm A=t HEE Ao, AdA
2] (look ahead distance) &, #lo|4 we} Ex9] A
& 45mmz At

LY 630am shoa 6894 sJu- dj‘a
+ [
b
J '
_T - b
685.00nm 692 51nm £85.00nm 692.48nm
(ay {b)
[<2 2} EM.hm 6994 .
g v 1.67nm/div
starting point : 685nm
time interval © 50min
L

69:‘3 4inm
(c)
Fig. 2 Wavelength of diode laser and band width of

BPF

685.00nm

2.2 MAMe| EX

27249 ez Ry §AY 3ad BEE AE3)
7] figte] MM o] BAo] apETt”.
XCHC)
X=oy

HCAC)
Ye= o (D

f(Y'Cl)
N

2340 ABHE FARERYE 344 IR
g maet A $A AR delAt ol ge

322



ne AFE-AAE
P 1S A7 Jhue 2ol BANE BEa= oz
Ao 28y 7testy. &, 343 H (image coord.) E iwaWf
x, y& 7telel F8A X, Y., Zoe #A= A A T e [k, i Dev 0 1
. s EE ] BN
4714, C,=83.831, C,=-0.446, #=9| F47 £ 10| s e S EX 00NN
tol = #ojAzte] A yo=71.8, z=25.8 °l LIS
o, Filet ZAFEA NN Xee A2AA e 2 & i
A &, Yee EX 9 AP &, Zee A2 = ‘e o s e s w0 s

Aukto 2ol %8 vEpAT LolA Pa A (1)el

9t 2ated A FEQ (x,y)7F 3xLe AA
(groove)?l 91A] (X..Y.Z)7F Atdch, Alxd 13

W4 (fixed system parameter) C., C, fg& AA
o] g o) ARHAT B dApoXe FE &
& &8 7] 3t AA e RS gt
gutgoz AAe BHE H3te FHEY 7IEH
o B Y7t desng By B2 9 7|FE
o] g3}, AAMe HAYS AgHoR FYstu FY
£ %9|7] 934 4.2mm, 9.88mm, 19.96mm9]
3 /e B E5S o] 83T Fol & WA A
YA AAe % Fold tig A Adags 2
= Cy, Co, f&& 737 93l B3& syt
]“ﬂ Fo]9 ¥t AA S3HA 2HEY wolo W
£ 183t 180mm+ 12mmA TR E 1 "=
23t

v

il

195
190 1
<
S
3 185
E 180
sl
% 175 Err,,, = 0.2178
™~ Err,,.. = 0.0095
170 1 Std.Dev of Err = 0.1044
Std. Dev of Err = 0.0290
165 + T T — T T
165 170 175 180 185 190 195

2 essrea {mm) (solid)

Fig. 3 Results of Z-direction calibration (distance
between workpiece and camera lens)

Q71 EH FaA C, C., f#S #74 Ci=
84.39085, C,=-0.46836, f=17.0°]9 o]juj, 7}v
g} d=zel mA A (Z), wol(Z)Asld] w& X
o] AA @A AdaE Fig.39 Fig.4ol el
th B AT e FAtelM el 8 427} 7
g} =9 180mme] A L& Hgste HAF
Bl 5ol 0.1lmmeldrt F =& stgdch,

323

Camera lens to workpiece distance (mm)

Fig. 4 Results of X-direction calibration(according
to camera lens to workpiece distance)

3. ShatX 2|

E4A FHE Yot WolEole FAH R B
A Axle ZA 3GAE o] FoAEH 2 FoA 7}
2 A Fgsojol & A& iR, £HH FRE
HEste F23E HolA Hits F&5e 998
Agoln, olF 29 W2 WEY F Je T 194
o] FEE VYepl= AAg 2y, nix gtz o] F R

A SRS Foldle A Fojth.

B dFoME 640 X480 49 3Pl A L5 Ale
T2 AXNE v AAHE 39 FAFE 200%
100 Al <] %ﬂré] 4 9 (region of interest: RODE A
gt 1 B distAA Tt A e E ste] A S
& Asted 223 Al EHY. dEAHY

e

¢

) J?L

a9 43 Fig.5¢% 2.

0.0 x ——I

(639, 479)

Alez e we e T Wi
s}oq Y89 Yuo 134 gL gue ¥

A B AFAMNE ProE L dol
g PEe e Aol 1 Bl

Journal of KWS, Vol. 18, No. 3, June, 2000



GMA £3M &5 348 A4 o szl ad 47 63
BN S e W Age BN AZYY  Pohle W vind tes AP EE FE
oz dolx f £ 388 X3P 4 ol FAre  2AES AAE &+ dE AP, FABY
AR ATE TNE okl PR oBA  Fol Atk
WA AEsuel EAss R4S aeoldd &
of Ar7t A RN A R BRAM @ 321 T
o)A wel FAAA AT FHE YT GEf W FAAEE L Heed S o 27} EA) o
kel $Y &S e AT 159 FAAAES ga T HBORTH U B G5 79 AAE 0
Gvb o Thee] ZENEE e A g gojd o A0 Btk MAPET FEHAY] st A7l HAde
o 9AS zAow B PEes Mgsd 0 2 ARG el LAV ERANE $Eo} wie ol
A AURE 2E WAE Aol Wz Qs g WFEel AV, AT At £ A
g wlx S gRn) wEAcR Hesdn of wy ol AW A
oz AN HolA W Susi= ¥ AY A o] WM 52 Rz wEbr 1 A atel 7}t Bol
71 slate] Bl AEIAL oLt ol goir  EASR, sPEAReM e RALH T we 22
& & go|A wle| Aol AL ol we] Huw AdelElE4] 2l E(ripple) & U3t ©AH S =0
Az v A%8 Ans de & ggouyy  olelEel vk ER A EAS 2AEIL &
e g olotel BB TAE AL & Aqey,  HIAN TABFEeR D A wolzz A
aeit olzla Wle] Bed Aae pAGde) aa SV Ho) AdsE sppo Ry 2se ARd
Hel AHo] Jelg AL golA we] o] Bops  HAXE HES=H AL A Ey A EH A (sub-
I —— pixe)¥H¥I7b4 A 4 goke Bol stk
olelgt ABE ste] GHRY BHYEL FEebe .
d Glold oRE Beden 4 gepe v gy ool ROeR
NE Figenh ol pagael sl sofeel 4 T loughh ARD GHE iz, Au=
Ao ZASHE 229 NS Bekebn, T 94 (Rosenfeld?% 71€71 (m)-y&E#H (b) F3HE& 234
AT ARSI e B g A g o AEE WHE AU, o) RHE
R AUAIAE A QuEE Apa oo e/ VAR SN S 12
e Bhithe e 2R AdFEel bd el
FUD) SHL 33 e dolHt A%AY B
PR, Y AR ANYRE FEAE A
Fsse 18719 RS BF Brhsked Y 2
AR Rl HoleE ATz ALY
- . i o) &) R wolzo) st el 4l
o aeud, Sdue) BYsaSe) theke 2zt 4
4g 127 WEel, BAkAETY $7b S A

(b) Thinned image

Fig. 6 Raw image including spatter trace and
thinned image

e BrgAde el $39 dolA mz
nE) zQES) 913 EE 2% AT Rl 7y
oty V-8 2 "elgHol EHA F4L 93
He 3ae 2 948 e o] Rond F
2800 o slale] At HHoRRH Fig79
2ol 1A By, FAAEY & o gitel WIHE

KEE R e £184% F3%, 20004 6H

Azl 3A F719T 42 AYEE oW Wme
7 Z7kstel Aelztol 9@ Adthe Wl AUtk
2 Qe TR V-a1TH $HE

yez
st el diggol Ao dAstan AMER
o] Folx Qlopg Adstd st riy el ¢

9 25591 g 7He 20070e] Aol el 444
2g 7dst) 1 Qe mYoz EYUE Foligl
A

w ol AHE wEelE SRen a8 s ditA]

7] wj &
He Eole E¥ % JhA g
33 S 33

F (Hough)7} A¢He Wl 7128 Fo 2dgr}

324



[+
64 AAE-AANF
240 P — 5 —
I ] s e T T
o e = i El
s 250 | ; 1 Jomtt 3 IJ 1
0 g position - | ” . ‘
o / Joint T oo — £ o - -
X e 1 oin 5 = N
-2 270 / E = . < Joint
a. ! —_ —
n \\ / position ‘ . 2 1 eﬁposmon
260 @ J 2 &
= ; ~ i
oo oo = QJ__ﬁ_.—,.__‘,ﬁ—,.. S ) ——
200 250 300 350 400 450 2000220 240 260 280 300 320 340 360 380 400 420 40 200 220 240 260 280 300 320 340 360 380 400 420 10

X-pixel data
(a) Pixel position

X-pixel data
(b) First order diff. Value

X-pixel data

(¢) Central diff. Value

Fig. 7 First order and central difference method

ZH'ETH:— g E 5 =

= T, 94, Fl 83} ol TP ¢
3l & *lﬁi}i}%‘é AXNA & F AFA oA o
HAYR2REY 7708 DA 2z HAdojr g
71€71(m)%} y3H (b)-& #ect. nid 239 7 &

323&‘

79 yRRE TS 2 xd, n¥A 22 elolA o
ol JAZE (xn, yn) ol & u o A (2)eR %
HE )
Yerd ™ Y
™=
2
b,=y,-m X x,

718 y-AHEe Exe

(K you! (X, v

yi LT

(Xop yao)

2 — >

Fig. 8 Slope(m) and y-intercept(b) for n-th column

Fig. 9914 Q8% Axte dolA w9 d& side
wallel 71871 2 yAAE 7€ w9 ¥HE e
o, A% P golA W] 2 EX side walld
7127 9 yHEE & weo] HYE Vet

V-groove o419} o] &4 Fo] G & eh
£ gl WE Fdae AL 71877 &<l
091 A% &9 A% 3FF7 Ueted &+ e
gdate A4S

4&41,5

A %2 side wallg 3
=

Tahel zoveg CEE

571 ol Holx 21(5*— AT E 0.2) Hol
= doEe £8 Adeld Be olHe 42

325

Wl g gohyel Ztzke] = Hue

22 ARtk o Mo mye 94X F SAUE

Axle AEHA (sub-pixe) FH 72 FZ0]

. FAARRdE iR BN FHAE

s TS 2 Xk, nHA ZH A2 oA o]

ol Y4AE yoletn T o oS 4 (3) e FHY
Vot Vo= 2XY,)

Gy = —m)—_— 3)

200 T 50
'
P * mvsb

370l 71&7

N

o= oolr

n@.m\ognﬁozi

Uy

count of each m|

1 .. F—“l I 30

|
|

50 { | i : ) l {20
I

count of ecach m

E
Sl el 2AALY, FALDE 27 2549
ov] 4Ast A ANEY A7iske Mag T

5% gl & U} sidel BEygdoz &
o] ] & 50709 A% shdol
e A ATIEA A Ze

=

Journal of KWS, Vol. 18, No. 3, June. 2000



GMA &34 &34

228 A2 Aol Be AT

€719 MRS vehgn, 70E AANE AL
T A9 Agas YepdA drt

T ue] A& ABE Fig. 100 EAFAH. F4
FEY e A43e v Hoke FHSEE HeslE
EAR et Ax AARd o e AE & T
o B8, dAtele] A4 vbed g gda] Hat
iy o gAY L8 AEE FAs)

32 R ox0 B 2

‘Q‘-{ﬂ

%’S” Faolghs BHAM & o 2AES A
Zostuz 2 Ee 94X & Fohfe ditt 285

s 2T FAREE A E 2HE Y A
do| sl 54 X vEbd BE FHHS

2% ¢ QA AA AL 180msH = oW,
FAIUANEHY 240msE F B 25 AALL
2 Hsrlde 288 AT R AREH FHY
& Hgeto] A B FH AgetsiH

Fig.11& £3% LolE<l A FHas A
getod AME 23 ARY &3 2UES HA, 9
x| X & ol FAIF 2|

o
——

«N ) rlr

2 BFM FH YIRS Y A

Number of image

98 99 100 101 102 103 104 105 106 10.7 108
l— rumber of image per calculated groove widLhJ Groove width{mm)

(a) Central difference method

Number of image
>

98 99 100 101 102 103 104 105 106 107 108
r number of image per calculated groove width J groove width(mm)

(b) Hough transform
Fig. 10 Distribution of calculated groove width

KRG HESEE5 184 $39, 20004 68

o= 0
10f ™. 2d=10 169 - 2d=10
5 R -
30 S5 e it e o, reamar 30} e 3 e e ]
1017 = i sof
50 50 /
60 / 60 .
0] - 0 ~
B0 AR 20 R
90 ) 90
100 100

i3 50 160 150 200 [ 50 100 150 200

(a) Extracted line using Hough transform

(b} Joints and edge points

Fig. 11 Joints and edge points using Hough
transform

of wl A sl 73 Yoo =xx A=E
ue} EX7t olgd W 2 MEY F7]vie} o] Fafo}
g Ae 22t €3 8HSEEE FA] A8
EX)7} o] FdloF & A=E FF A A FAA7)
flate] diolel A¥Y duelF' S L8ttt

4.2 MEAX|

B AEA ALgE AA e 2A SFHEAE FH
3% A ME o|$AA, 37, A, PCE F
AEth. 7t & ACHE RE(1000pp/rev)E 7%
At 2t 29 ZEAE HMA PIT8253 #
PPI8255% ol &3t H2 AY#HolH (pulse
generator) E A&, AHE-EATH

AF Iye vAMMZREY S HHEE
E3] PCE ol Eolx 6404803719 ez
g 20001003719 #499S B & 1 FEd
el FHEBU S AHES 83 ZRJAES A
F3 SRR HE S FH & AIFAEE Fob o
A S5z olFstma 0.32nid) A 3L W
olsd 2199 HARTAE 7|22 ALME RUE
o X E A A HAEAZ HFEF F A o A
A dnEL AR EAVL o] Falotd FEE AR E
Ttk o] 2A AAE diolHE o] &3t ZF 2] A
B RE] Z} &o] o]Fdlof EvrFe] H(pulse)E
" AYdelB g 3t Ao EN Hagd &
A7R2E AP 4HZHL £3HEE bmm/sec,
SHAR 230A, &#HHY 25V, B372E CO:
100%% AH&-stot.

o @O e £ Sz owle

l

326



66

ol2A oz AHA UM HUY Ztz F =
30.9°7HA] £HZES YA E FEH E F UA E
o}, ey SHRAEY AV} A FF EF
Bo X% A$ SR =2 R 2Ae Agrt
Aoz AAZdee 1 olsyt "t ofeld ¥d
o) AA 3E te AEE +25°H =R FHotH =
o] 9S 2L q A L£HEAS AXZFE
25° ol de] Yo ZRAEIL At o] H
e, FeALEd & expz At 43
7] £k dsld 5, 10°, 157, 2079 7+

140mmE<t &4 & A 434 F4 A
&ttt

Fig.12} Table 1l -5°, -10°, 157, 20° 9] &3
A 9 2H(weld line offset degree)E zte ZAl o
ol 28 A 492 Jepldt 84S 7
gatA] &m okArt gl AN EAle &3NS
2R3 AT Ags EA Jedz o &35
Ae e A%y 838 31 g FAR AEge
£494E FAsE v 2o A&
22} v E B3l AsjE e Aol wol=

A

2
stdgts AAAQ FAHAYT LS 5EE 4

im fg 2

off i rle rd H 2 & & f

o Ay 1y

do A\

-60
-+ weld line

-50 7
407 o /

X-dir (mm

0 20 40 60 80 100 120 140
Welding direction {mm)

Fig. 12 Weld seam tracking results according to
weld line offset degree (Arc on)

Table 1 Tracking errors according to weld line

offset degree ( SD : standard dev., ME :
max. error)
Weld line Arc off Arc off
offset degree | 51y (mm) |ME(mm)| SD(mm) [ME (mm)
-5 0.0315 | -0.1798 | 0.1104 | -0.6725
- 10° 0.0372 | -0.0940 | 0.0971 | -0.2952
- 15 0.0449 | 0.1678 | 0.1919 | -0.5785
- 20° m 0.0506 | 0.1836 | 0.6794 | 2.5028
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