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Abstract

In conventional arc welding, position error of the weld torch with respect to the weld seam and
variation of groove dimension are induced by inaccurate fitup and fixturing. In this study, a vision
system has been developed to recognize and compensate the position error and dimensional
inaccuracy. The system uses a structured laser light illuminated on the weld groove and perceived
by a C.C.D camera. A new algorithm to detect the edge of the reflected laser light is introduced for
real time processing. The developed system was applied to arbitarary weld paths with various types
of joint in arc welding process. The experimental results show that the proposed system can detect
the weld groove parameters within good accuracy and yield good tracking performance.
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d: allowed deviation
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Fig. 4 The start point of a groove
y
p P,
yﬂ-l > Db P *
~
Yb / \'J - -~
T =7
A = }'
X
Xa Xy Xat+l

Fig. 5 The calculation of Db using an
approximation algorithm

Db= | (3~ (Ay/Ax) (%) -Ya)

“Ax/ A+ Ay (3.4)
A7l M Ax=(Xas1~Xa), Ayz(Ya-n‘Ya)

sle) A (3. 4)el4 73 Dbst 31872 dF ¥l
sehe] Dbst 2744 24E Azg HAel Az
e Wl Ak, oW 2PFEL A4s: A
o7 uhapzel Gabol 9Zez¥eE HAFdhel A
$oz A4nE Aol Hol Aol AzsHe
A7k Aeh, 9Fo] Ropd Folt vhil 2LBE

ol AZL g o] dnFE HEd AHAY
2 EZ A AAL ot

ole} Zr-& ol ofsle] A Al w A
o] FaiA ™ vl elo] {24 thgol ol Fo
AY 4 Are 99 W 27F AAE 5 A
Hel, o]z <oldted Wagle Hue 5 2 A

£ S5t} zulsle Azbe] gobAlch,
3.4, 3% 37t =tEQ AlM

2 dTdAE SIAFE £ ZAl FAstz

CELRERPRES L

2 ubabR-g C C.Dofvieta whelEo &3 A
He4E FA48 3 Ut vt 2 Polgo Al
QA diolebe 224 AHe|rd ol XE 3xfiql
43 AdFE A4S M E b A
2E HoE g, rA HezdHE FrEHq
FJEE UEY A2F AEsld ddodl Faine
34 4] (equation of light plane)el] ¢]8le] Fsi=

o}, Fig. 622 %8, Ao ulAd4g World
EAZ ebE

Ye=C+GC-Zc (3.5)

74 "ok, 714 Co=y,+Z,-tan30, C,=-tan30
o]},
Fig, 79 7ielle} 2z 2

Xe=1-+(A-20) (3.6)

Fig. 6 The image and light plane coordinates

X Xe (X.y'z)

<=,»// BN

)

Za

lens center

Fig. 7 Basic model of the image process

Journal of KWS, Vol. 8 No. 2, Jun., 1990



A% ok2 $3F 4 SAANEE 23 AT A7 Aad 63

Y=g (1-Z) 3.7

ol (3,5), (3.6), (3.7MAez2Xg JA I
(image coordinate)x, y9+ World &34 Xc,
Yc, Zc}e BA=

_x{ated)

Xe GA+y

(3.8)

re=2atal) (3.9)

—Ay-a)
Ze= Aty
2 TS, Yol FaA (3.8), (3.9, (3.
10) Aol o5bo] 22h90 G4 ¥l (x,y) 7 334
al sHA (groove) @ $1x (Xc, Ye, Ze)7b A4t
o},

(3.10)

3.5. 8 N Al

4 AuzRe T 2aY A AR (x,
(3.8), (3.9), (3.10)Acl 2Jsted F}ol ol
o] #E A (moving coordinate) ¢} 334

AXe, Yo, Ze) 2 M=}, olg wyeos

H 33 AL ARE Ao G nE A
EFEa glong ofF o]&3d RE £33

5 AAgch Alde HAde Worldals
A< AES FAHoz AR} 23

Fig, 8% &3 Aldo A ulalg]o) 3x189 27
vebd qlalge] 9G4S X, Y, ZZ9 7

oz 7 AlHel 7zt

=
e o2

e B oo 2

N
-

fo 2 ajn o j
23

U
i
e

o
N

+ ro

o

—m
of
>
)
fr
2,
rg{_‘
)'_I.4
o
I

point 1 : groove center

point 2 : start peint of groove
potnt 3 : end point of groove
hatohed z0me : groowe area

‘ ')
' 3%
2o N X

eurrent {mage

l current Lm:u
Y Z
Fig. 8 The groove shape and groove parameter

RIEHEME, B84 B2 M, 19904 6 A

a, B, y 4% X, Y, Z&2& FAoz 3AG
7= & ofv]sle, Fig. 99 &4 w3g 7|Foz
ax ¥ x 7} (pitch angle), B+ E7H(roll angle),
y+ &7 (yaw angle)$ ebdich Fig, 8ol JEb
=] wake Fig, 904 &4 &S sFo
2 av Wt AAlL g JAEBAHA, yE £HA
o] Aguidke] e 2& o2 woji}n 9l &L A
& Holrh,

x, Xo

4

Fig. 9 The absolute coordinate and the moving
coordinate

4.1, dMe| 44y

A9 Ase Hosr] dedde svets 2
Asted 27710 22T $HAHH 7}
slebs AdlEE A2+ de sidEdolE s} I
L3te}, o] AL A Felets 2RE Bo
A 27 Aol A" Y X-Y
HolZ 8ol S AHE AAE 3 Aldo] fs}o]
Feflebl AEES dosled 3 F ool A
st M ERE oojal Aghe vm g Hr}

41,1, A% ¥ (types of joint)

Ao g & IEes] 9fste] F WYL o)L
sted Aol s]gr] o Ao FEE Table 10
veb el 2tdlZ] A g (butt joint) o A4 a,
a;, 7F ‘0ol FbAE Fkolm by, b,o oz} 20
ol Y-S & + sk AN AYY AS a, a,



64

Table 1 Hough transformed data

Types of joint | - Stope . I;tersec“‘t’)':
Butt joint -0.063 -0.093 40 32
T or Corner -0.797 0.641 32 0
Lap joint -0.690 -0.563 32 68

7} sl 7] Agel wlstel Egteln $37h 2ow
ol
e

bl’ b.o} ez} 20 o]4¢de viERET. corner
T A% 4% a, a9 F3vb ddelx,
bh b9l Ake] 7} 20 olAlg oF 4 b ol A9

gebr)zol oot AGHHE AAL A7 100%

g o o]
AEES Aol

AO_

4,12, AMeY Ad=
Aol AUxg HA57] Hsted FoiA 7H*
o) Fefoll A AAHRE A4t 10314 5
g 722 Table 4o vepuioicl, ztzhell =f oPoi
Abs 111 ZFojal Xo ¢3x ’O’mmoﬂ sl &4
0.35mme]| 3 FFHE 0,11tk Y
5mm°ﬂ hete] A HFL 5, 2lmm
= 0,04°]9 Z¥ -10mmol o3}
-10. 35mm2] ézé Hi-s ddeh
ol#1qt Aol ofsted FA Aol He 3xH4

Zbatel Hﬂ%uw%ﬂﬂﬂﬂ 24% + A%
].
[e]

igrkﬂm

T
2
L
s
= o
ol ZTFEHX

ol 4 olx w3t ZFwae Ao oty

(repeatablhty) A $5s 4 F U

® ztxol wfEte] HHRH @, B, vEF -roi
Zrol ‘ordw 77 0,02, -2.15, -0,23°] T3

Aes TEAAE 247 128, 0.57, 1597 74l

Ak, A" $HAY #Ax 94 L AUs2
] 3 [e]

Y

L3, A 428 A%
A7} smmel 2 ZtA o] 2mmel Wiy A g
EA37] A5l L8
300ms °l9io™, 7 15mmsgl 60°
Ao 24 AAHFE FHscd £88E
< o] ¥ Az e ofz g
Aol £4%x7 5-10 mm/sql A& nesd &
%ol wisted AAzEHElAlo] FET

4,1.4, 2341 g3 /R4l (groove)

Fig. 108 (a)zx &2 A9 =27 9 4§

FELSEEVRES £

o

B

bl Aeolw, (b)z2L (a)z#e AHg i
gb2 Algsted 2AE 7FFA dlolel(raw data)
olt}, Fig. 119 (a)z@ L raw dle|e}E Halst
o} 23 MAlY] HBE FZsto] VeRR Zlo|n,
(by2Ee (a)zalel wlolelEs AHelstel 338
Mol AeE vebd ZAelch, Fig 10 Fig 11
2 Jquozre 3z MAe FRE gl

Asl BAe £AHen deldes 60V A4
H g7l AgE veld el
L]
g 80
&
2]
S g
o

(a) Dimension of specimen

(b) photograph of raw image

Fig. 10 The specimen and raw image for a 60°V
grooved butt joint
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(a) processed image data
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Table 3 Groove area of various groove shapes
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(b) processed groove shape & dimensior

Fig. 11 Image data and processed result for a 60°V
grooved butt joint

Table 2 Groove area of a 60°V grooved butt joint
with varing Z-axis position

10

Groove True area | Measured | Standard
type mean deviation
(mm?) (mm?) (ox)
tmm gap squarel -, 30.06 3.63
butt joint
80V groove 975 97.7 5.34
butt joint
single J
butt joint 127 1334 5.98
Table 4 Aceuracy of the sensor
True Measured | Standard
Parameter ..
value mean deviation
X(mm) 0 0.35 0.11
Y (mm) 5 521 0.04
Z{mm) -10 -10.35 0.07
a() 0 0.02 1.28
BC) 0 -2.15 0.57
y(") 0 -0.23 1.59

Z-axis True area | Measured | Standard
position mean deviation
(mm) {(mm?) (mm?) (ox)
225.5 97.5 98.7 1.33
235.5 97.5 99.2 2.86
245.5 97.5 100.4 1.20
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Z-axis position , mm

—— groove center X=0.00, Z=7.58
— — groove center X=0.00, I=3.87
—— groove center X=0.00, I=1.10

A\

Fig. 12

Z position , mm

X position , mm

X-axis position , mm

Processed groove shape and position of a 60°
V grooved butt joint for various Z-axis
position of groove centers
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Fig. 13 Position of the groove center of a 60°V

grooved butt joint for varous X-axis seam
positions
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(b} Y-X plane
Fig. 14 Position of the groove center of a 60°V

grooved butt joint for various Z-axis seam
positions
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Fig. 16 Photographs of the specimen for seam
tracking
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