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A Study on Automatic Seam Tracking using Vision Sensor
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ABSTRACT

A CCD-camera, which is structured with vision system, was used to realize automatic seam-tracking system
and 3-D information, which is needed to generate torch path, was obtained by using laser-slip beam. To extract
laser stripe and obtain welding-specific point, Adaptive Hough-transformation was used. Although the basic
Hough transformation takes too much time to process image on line, it has a tendency to be robust to the noises

as like spatter. For that reason, it was complemented with Adaptive Hough transformation to have an on-line
processing ability for scanning a welding-specific point. The dead zone ,where the sensing of weld line is
impossible, is eliminated by rotating the camera with its rotating axis centered at welding torch. The camera
angle is controlled so as to get the minimum image data for the sensing of weld line, hence the image processing

time is reduced. The fuzzy controller is adapted to control the camera angle

Key words :

Vision sensor(H] A AlA), Seam tracking(® 734 #4), Adaptive Hough transform(¥ & F¥ ),

The structured light(7 %38 %), Fuzzy controller( X] a] ¢} 7})

1.4 8

ol £HTAL AQYVAHol wj§ oty Wt op
g £HAe 7lsol et FAe #dMo) Be HolE
WY 4 b Ee Aoz, $UIH AEHG
Zalel of wAle) AAH Bl AALS mAs gt
a9 $4FHY 9 AASE Bge §9He) 2
of et QA HEAZ & ge B ol A& e
2 Q% mANIZ FHY oA wAE + g of
adel o 3% Aol dwyel % Azwne
wHE Waz st adolth geby £44 Wil o
ARE £3F AN ERY £ As AN &
2he| AEse] 27U

B mRdAE et e AN Hatel dae &3
zoEo] $AAUA HEY 5 e AGAAY FHL
olgate] #9424 FnFL ALARA B} ol

e

¥ o

Z 9o, #HelAS HAuygee T FHEFE £
HEo] FAE R, £HE F4R dolAHF 4 F
=38 4 gl CCD 7ivietz A9 ANZAadt*¥ez 4
Aste]l gt EF o] Azge Furr EA
(Torch& TAL2 AT F U o= A=z 4%
g7 WEE v S£HANE §8¥oR FAFA F
g UxEHE FACh

il

2. stabxal Y Alad A

2.1 et
211 stz e
SHAAE dFe]l BrbFstn dgd b5 2o

wAgtoa ol dAEA £33 wolZ2E AABlY &
¥ SHAZHEANE AF dolHE A7 daMe
27159 #F4AeE "HIadel WA #ok ohvg 3
AaEs A7 ®ol Bazdlez A A ZHOn-line)dl
e HAAHe dunelFEe side] WHEHolry g
A g AGE ©@EATIH, gd wo|ZME 7FF
G Fg MLdts Aol BEHole} sl
AT E F8 A4AUSE ol &3t dolA side
E ol &3yt o] WS Fxitd W& Algsted #@
ol IW(HALE BA FdHo| HARA FRAlstn
Ay HEE ZAgHHRe] FAAQ HolA stripe
& ol &3l £HWUS) H2E dA foh
olzmFolr} AHE(spatter) 58 xo]=7t AY

A ol stripe™e 37 A HE Mg
(adaptive line detection)@ )& & AH-&3 et vt

AEY Agd dndEFES o) &3ld #HolA striped F
239, #olA stripee] &4& A Hol ool
o8 2Ztez FHAY glolAA "ot o Felo
oA stripeto2E 43 5AFE AVF AY BT
3 doloy, metA] 44 #HolA striped e £H 53
AE 47 A AHs Jejz HEgg sfopgdo.
E4diolgle] B39 SAEAAS U] HE ¥y
(transformation)2.2 JA4He dneEFF HEFHEE
(Adaptive hough transform)& o} &3t}

2.1.2 &lOlX stripeF&

Fuleh Aol S EAWE G0 £10mm )& g
A olawe WAHolme 2 godel el we
stripe®® @7 CCDSl Ao] W$(Active)stnz oz

%, 2dE, FAWAEE EeHes dEY ¥ £ e
dagfFel Hasir HolH stripel & °]& xolZ2E

- 1105~



Ir

I EE8 & 548 Xz U9 3 5EXog 9
o]z stripe® AT FAE Nz Yu BFE
(intensity)x= ®F 7}-$A19F B ¥ (Half gaussian distri-
bution)& 7}A 1 len, 2dlejE g5 E #olA stripe
Hel FaRoz ZAF walr 9JoN Mygs =Exz
T BEY Gk st BYX o AL o83 H oj- A
59 xol2E AAY £ . ol¥W EAHS v 43
TEEZ A G4 vlolHE @A IHS-AleH(Full
Gaussian) X 2 HEHY Ha7} o} ol & Hsia g4
A 71¥F A2 HT %Y (Neighborhood averaging)
AbRgTE B =Fe i dolA W] Y 43
‘gfo g A7) o, o)A stripe FEE 1S
At BEXZ e YN x wgoznt Az=mdy
< HEF qgekA

g(x.y)=LN (;Esf(n) (1)

ot 22 Aol "ot AV An)e F4WY FEo
o, g(x,y) & AP Fgelt dLoz ub oz
(Half threshold)¥ 2] & %t} £ =R #x9 7t
TAIR 2X9 EAE o)EFo2 ol f 3t N 3k

THAY REE FAEI £ g o e REL

Hez Agdd g 2FFigl) & o) wyo
g ZFyoltk g SAIZ o)A striped A vk
$%E Ze FEFAH vt2A(convolution mask)

T i

e

rlo

N,

of AAdste] Wiz e AFste] §HH FHAA
20tk otaFol Yv AFdAM #HolA

off Mot B o <
rlo
™oox T W

o
2
>

stripel & 279 (scanning)dl] o BT RS Yo}
At old 13 & AR @] A stripe Wo] £ A

o] ZAAaHolA #HolA FAVE FolXthe Holth 4¥
A &R Ae] HAARA wat 4FE 2olrt ey
AgolA £ e & B FAN(HA stripee] AR
of =AME wio) Z 3 P ALY wje] Zof u))e gt
< 5% FEAG. ol F sjord AlZre FANES
U Fo] EolA HE AdeHY £-H2 A 7 n
A He HWMAE #HolA stripel 2 AAEA Hu Y
5 FolA HYE AWM FEIF £ol& dolA striped
A4 sa] REA Hol &3 5AME A=A R
gt a22A HolxFe BXE 2% g o HolF
TE & 65%2 94 HE AUFA nf2zE 9t
=4,

glx,y) = Rx, 9)*Mx) (2)
= 3 (fx) - M@’
=7z
Fx,y)= 1, 2(x, V)<t (3)
0, &%, ) toon

A7l xe HY2HL YEhiE slzoln Ax, W=
saulolete) Bmoln, M(x)e el Hug Wy
olaf 7§ FEolaAolh glx, y)e PEsA 2

AAd, weF #olA striped HEEMPowH AWEA
il 5 g Fxs J)E dolHgo] BES 2
Ao AFEY Fo] G olagely Ame s ATy
Ei3 WS RY UM F slold. uwel

< 2t (threshold), £,,,) & iﬂf—a
M1 A stripe?] | HANE WM ol E &
) A% suael FEgtol
e Th t\ s

Fig.l! Laser stripe intensity distribution
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Fig2 The result of extraction of laser stripe

2.1.3 A -&F ¥ ¥ (Adaptive Hough transformation)
Hough® #“e 4ol st 4 4Roly 9o
9 =¥& HNIE d4AY dndFFo sitolrt
B dFdAME 94lY oA stripeg H Mol &}
g Fol 2 Ao thd HoughH L Ag3sbgt
Fig.3 oA M

xcosf+ ysin = p (4)
2 Jepd & gloemz (p,0) 2 Ho 3+ Hough 3
Hol A= sluy Mol Ho2 viF(mapping) S &
F vk 28 9 ¥Was shEsioh oS Fig 42 Fig?
£ Hough ®@&3% Rolt}

Fig. 4 The result of Hough transformation (V-Type)
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Fig.5 The condition to detect the line /5 using the
previous Hough parameter
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Fig. 6. The image and light plane coordinate
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P10 control

Fig.7 The responses of f22¥ and PID controller
on 0.7 degree angle input (experimental)

Fig.8 Experimental result of 20 ° slanted weld line
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Fig.10 Experimental result of 30 ° slanted weld line

Fig. 11 The trace-error of 30 ° slanted weld line
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Fig. 12 Experimental result for weld line
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