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A Study on the Vision Sensor System for Tracking the I-Butt Weld Joints

Hee-Soo Bae’ Jae-Woong Kim"

ABSTRACT

In this study, a visual sensor system for weld seam tracking the I-butt weld joints in GMA welding was
constructed. The sensor system consists of a CCD camera, a diode laser with a cylindrical lens and a
band-pass-filter to overcome the degrading of image due to spatters and arc light. In order to obtain the enhanced
image, quantitative relationship between laser intensity and iris number was investigated. Throughout the repeated
experiments, the shutter speed was set at l-milisecond for minimizing the effect of spatters on the image, and
therefore most of the spatter trace in the image have been found to be reduced. Region of interest was defined
from the entire image and gray level of searched laser line was compared to that of weld line. The differences
between these gray levels lead to spot the position of weld joint using central difference method. The results
showed that, as long as weld line was within 715" from the longitudinal straight line, the system constructed in
this study could track the weld line successfully. Since the processing time reduced to 0.05 sec, it is expected
that the developed method could be adopted to high speed welding such as laser welding.

Key Words : Visual sensor(*]Z}A41), Seam tracking( 874 %), Region of interest(#4 3 =), Image
prossecing board( 3} # 2] B X2) | Central difference method( 34! X} 2-4)
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(a) shutter speed : 1/60 sec (default)
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Fig. 1 Images according to shutter speed
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(a) Iris No.(f:16) (b) Iris No.(f:8+1/5)

(c) Iris No.(f:4+2/3) (d) Iris No.(f:4+1/5)

Fig. 2 Images according to Iris No. at the same laser
power

Gray ievel of Laser intensity
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Fig. 3 Corelation of Laser intensity and Iris No.
for the useful Image
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Fig. 4 Method of drawing out laser strip
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(a) Image on the region of interest
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(b) Central difference value
Fig. 5 Result of image processing(gap 0.07mm)
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(b) Central difference value

Fig. 6 Result of image processing(gap 1.0mm)
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Fig. 7 Result of image processing(offset 15° )
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Table. 1 Welding conditions

Workpiece 2mm thick steel plate
Welding current / voltage 143A / 17V
Diameter of welding wire 1.2mm
Tip-to-workpiece distance 18mm
Height from workpiece to 147mm

camera
Look ahead distance 50mm
Shielding gas | CO: 100%
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Fig. 8 Tracking result(weld speed 7mm/s,

offset angle 15° )



g AYFe A AlgE A%

Y position [ mm ]

Eeror {mm]
o o
s &
; S —

Wweld length [ mm |

Fig. 9  Tracking result(weld speed 10mm/s,
offset angle 15° )
wJ — weld fine
'E‘ 4 ~—— tracking
g. 1 /
-

0 20 40 80 80 100 120

Weld length [mm]

20

15

0.5

a0

0.5

Error [mm]

-5

-20

0 20 40 80 80 100 120

Weld length [mm)]

Fig. 10
offset angle 10° )

4. 2E
UAA 5EHELE 24 ¥ 17 2o &

gl
A4 318 A2 *l*E“Oﬂ 29 AT2YH o
o3 ge AES 9 5 AW

Tracking result(weld speed 12mm/s,

Tracking result(weld speed 12mnvs,

Photo. 1
offset angle 10° )

(1] AAztez 18 2d7] £359 &34 9
X g wotated &34 FHo) 7l £33 8 NG
A A 2wg s

[2] ol A ZFwe} e @A, et
AAMH &5 58 B3l Yl sdAdd A
A AAEE FE39 T, o]ES o] &3t 4
ol &8 Fo g s AdEH A9
A4 4 Ao

(3113 2oi7] £3¥ 9 gap 747 %7‘“4 7
2oiF 9 wigle] gisMe &S FF
= g daglEg Adsisich

kgﬁ

4] BlnA e dmeEd RS
€

]

—_

ar

stad st dele AHE Hassn
Y EBYoR 12mm/sec 5= 3 dA
o] ¥}

g n&ESHAE H o] 7tE
2 Alg g

AN
i=]
4
F Ao

% M1

¢

% 7l

01 =L 20003 %

Fx @2 o3

HoEs

1. R. W. Richardson and C. C. Conrardy, "Coaxial
Vision-Based Control of GMAW," International
Trends in Welding Science and Technology 1992,
ASM, pp. 957-961, 1993.

2. J. E. Agapakis, K. Masubuchi, N. Wittels, "General
Visual Automated

Sensing  Techniques for



a5 - AAE  BIALTRAEA A8 A9E

Welding," Proc. of the 4th International conference
on Robot Vision and Sensory Controls 9-11,
October, London, UK., pp. 103-114, 1984.

. K. Inoue, "Image Processing for On-Line Detection
of Welding Process-Improvement of Image Quality
by Incorporation of Spectrum of Arc,” Transaction
of JWRI, Vol. 10, No. 1, pp. 13-18, 1981.

. 1. Wu, J. S. Smith and L. Lucas, "Weld bead
placement system for multipass welding," IEE
Proc - Sci. Meas. Technol.,, Vol. 143, No. 2, pp.
85-90, 1996.

CATA, AAE, ‘GMA £AdAM A FHE
AlZh MM o] shd Aol g A, dldg
32, 2187, A3E, pp. 60-67, 2000.

S, celol A 8RS AF g &AM F3
&3] %E,” Proceeding of the 12th KACC, 1997.
. 1. E. Agapakis, J. M. Katz, M. Koifman, G. N.
Epstein, J. M. Friedman, D. O. Eyring, and H. J.
Rutishauser, "Joint Tracking and Adaptive Robotic
Welding Using Vision Sensing of the Weld Joint
Geometry,” Welding Journal, Vol. 65, No. 11,
pp. 33-41, 1986.

185



