"m Check for updates

Journal of Sensor Science and Technology
Vol. 33, No. 3 (2024) pp. 179-184
http://dx.doi.org/10.46670/JSST.2024.33.3.179
pISSN 1225-5475/eISSN 2093-7563

XS X XA £

& CO, ST AH| A H|HAIAH N

1 2+
uFy  gul

Development of a Vision System for the Complete Inspection of CO, Welding Equipment
of Automotive Body Parts

Ju-Young Kim' and Min-Kyu Kim**

Abstract

In the car industry, welding is a fundamental linking technique used for joining components, such as steel, molds, and automobile

parts. However, accurate inspection is required to test the reliability of the welding components. In this study, we investigate the detection

of weld beads using 2D image processing in an automatic recognition system. The sample image is obtained using a 2D vision camera

embedded in a lighting system, from where a portion of the bead is successfully extracted after image processing. In this process, the

soot removal algorithm plays an important role in accurate weld bead detection, and adopts adaptive local gamma correction and gray

color coordinates. Using this automatic recognition system, geometric parameters of the weld bead, such as its length, width, angle, and
defect size can also be defined. Finally, on comparing the obtained data with the industrial standards, we can determine whether the weld

bead is at an acceptable level or not.
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Fig. 1. The vision system for CO, welding inspection system.

Table 1. PLC communication protocol for bead inspection system.

Item  Transmit  Bit Function description
Start of inspection
Inspect PLC 1 Ifthe test completion signal comes from
PCL, this signal is turned off.
Alive PC 1 PC is operating normally
Ready PC 1 Ready to proceed with the inspection
the test has been completed.
End PC 1 If the test is completed normally, this
signal turns on.
Notifies whether the item to be
Lh, Rh  PLC 2 inspected is LH or RH.
(LH : 01, RH : 10)
Notification of test results
Result  PC 2 (0K : 01, NG : 10)
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Fig. 2. Our developed vision system (a) FEM analysis and (b) the

real product.
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Fig. 3. Schematic diagram of bead inspection algorithm.
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Fig. 4. The results images for algorithm flow diagram of bead
inspection system; (a)~(i) result image of (1)~(9)
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soot image (b) the removed image of a soot. lab. test scene, (b) the 3D design and standard sample.
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Table 2. The design data of standard samples
Bead Width ofbead Height of bead Arc length of

Sample No. No. (mm) (mm) bead (mm)
N 1 32 49 27.30
2 4.1 33 32.64
3 33 47 27.89
#2
4 4.0 34 32.04
5 3.4 45 28.48
#3
6 3.9 35 31.45
7 35 43 29.08
#4
8 3.8 3.7 30.86
9 36 41 29.67
#5
10 3.7 3.9 30.26

Table 3. The real standard value of CO, welding parts.

Item Lower limit Upper limit
Length (mm) 35 38
Height (mm) 35 4.2
Width (mm) 3.5 42

@ (b)

Fig. 8. Experimental environment for performance verification; (a) A
real product test scene, (b) the real sample of automotive

parts.
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Fig. 9. Measurement of bead width and height in real parts.

Table 4. The results of bead measurement error using standard sam-

ples.
gy R M Mewse

(mm) (o)

1 Bead length (L) 27.30 27.2277 0.26
Bead width (w) 32 3.2466 1.45

2 Bead length (L) 32.64 32.5223 0.36
Bead width (w) 4.1 3.9444 3.79

3 Bead length (L) 27.89 279105 0.07
Bead width (w) 33 3.2576 1.28

4 Bead length (L) 32.04 32.0072 0.10
Bead width (w) 4.0 3.9758 0.60

5 Bead length (L) 28.48 28.3802 0.35
Bead width (w) 34 3.5562 4.59

6 Bead length (L) 3145 31.3502 0.31
Bead width (w) 3.9 3.9974 2.49

7 Bead length (L) 29.08 28.8513 0.78
Bead width (w) 35 34318 1.94

8 Bead length (L) 30.86 30.7756 0.27
Bead width (w) 3.8 3.7172 2.17

9 Bead length (L) 29.67 30.1699 1.68
Bead width (w) 3.6 3.724 3.44

10 Bead length (L) 30.26 29.4908 2.54
Bead width (w) 3.7 3.687 0.35
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Table 5. The results of bead measurement error using the real samples.
Left bead (mm) Right bead (mm)
Samples - - - -

Upper width Lower width length Upper width Lower width length
#1-LH 4.6879 4.6987 39.3131 4.6639 4.6646 37.3359
#2-LH 5.0883 4.6067 38.5399 4.3892 4.5199 37.8603
#3-LH 5.0840 4.7695 38.6759 44272 4.5776 38.6335
#4-LH 5.3131 4.6931 39.0679 4.2262 4.5407 37.9658
#5-LH 5.3607 4.5100 38.3256 43387 4.9558 37.2384
#6-LH 5.4643 4.6979 38.1634 3.8236 4.4701 37.2382
#7-LH 5.4581 4.6915 38.9050 4.2699 44478 37.3514
#8-LH 5.2700 4.6631 38.3308 4.2609 43079 37.3361
#9-LH 5.1544 4.8352 37.9891 4.0605 4.3686 37.6629
#10-LH 53214 4.4808 38.7484 4.1260 44418 37.7131
#1-RH 3.8007 4.6303 39.3603 4.6028 4.0353 40.7974
#2-RH 3.8162 4.7439 39.8458 45221 4.0480 40.9359
#3-RH 3.7588 4.6238 40.0953 44887 4.2240 414534
#4-RH 3.9592 44810 40.2589 48131 42437 41.0394
#5-RH 4.0688 4.9021 39.8394 4.7223 4.3488 40.6729
#6-RH 3.8124 4.8132 39.9666 4.7740 4.1275 40.7779
#7-RH 3.8674 4.6520 40.4878 4.4651 4.2662 41.3561
#38-RH 3.8945 4.6837 39.9320 4.6866 43525 40.8794
#9-RH 3.8794 5.1020 39.4762 47656 4.0654 40.9063
#10-RH 3.7137 4.6684 39.9260 4.5406 4.0290 40.9891
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