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Fig. 1 Experimental device of weld surface quality detection

based on line structured light
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Fig. 2 Single-frame weld image after different processing algorithms. (a) Original image; (b) image after Gaussian filtering;

(c¢) image after OTSU; (d) region of interest (ROI); (e) image after weld centerline extraction; (f) finally obtained

weld centerline
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Fig. 3 Schematic of feature points of weld surface
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Fig. 4 Extraction of weld feature points. (a) Feature points of height; (b) welding toe points extracted by gradient method;

(c¢) welding toe points extracted by K-means method
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Fig. 5 Sample distribution on weld center line and K-means clustering effect. (a) Sample distribution; (b) original weld

centerline; (c) initial clustering center; (d) final clustering center; (e) optimized result
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Fig. 6 Comparison on weld width extracted by different methods. (a) Gradient method; (b) K-means clustering algorithm
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Table 1 Average deviation and mean square deviation of weld width and height
Parameter Mean deviation /mm Mean square deviation
. . 0. 1137 (K-means 0. 3457 (gradient 0.0171 (K-means 0.4368
Various locations . . .
Width clustering) method) clustering) (gradient method)
1at
. 0.0152 (K-means 0. 0280 (gradient 0. 0003 (K-means 0. 0009
Same location . . .
clustering) method) clustering) (gradient method)
Various locations 0.0754 0.0058
Height
Same location 0. 0090 0. 0001
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Fig. 7 Three-dimensional weld model. (a) Point cloud model; (b) shape assembly; (c¢) three-dimensional illumination model
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Fig. 8 Original images of three welds. (a) Flawless weld; (b) weld with undercut; (c¢) weld with porosity
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Fig. 9 Feature extraction. (a)(d)(g) Intensity distributions collected by illumination model; (b)(e)(h) results after median

filter; (c¢)(f) (i) results after binaryzation
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Table 2 Automatic classification analysis of weld defects

Weld type N R, S Accuracy
Flawless weld 1 1

Flaw weld =2 1

0 (area without defects)
Undercut weld =2 0.3-0.5 . 0.967
0. 5-0. 8 (area with undercut defect)
0.3-0.5 (area with porosity defect)
Porosity weld =2 v . porostty 0.95
=>0. 7 (area without defects)
L . 48, 52.
o én e (5] akJTIL, Vil JEF S5 R 60058 1Y SO6 DF KR AR 4% LR DU Oy 1

AR SO K 35 0 5 00 16 R WO Bk A A
THRRAE R AR BOME R L SR IO T LR A SE R R
SR, I AR SO I AR 8 P SR i S T =4
O R IRY AR 5 o't IR ASE T % B B A 17 G S IX B
il SEBL T G R I 0 A R 0 A A L RCFLR AR Y A B
k.

AR AAVRE F A [R] D't IR B30 0 1 7 4 5 2 9 A [ 2
PRCR S P HE 2 R B KR 48 19 A 3h ok 26, Rl 255 —
R AE A5 S S BT A% e B i AL AR AR S BAR S HE
i H R

5 £ X M

(1] EERA, Y, #EaTE, 5. K450 EERERmIE R E &

5 PG 0] RO, 2021, 48(14): 1402010.
Han J J, Zhou J P, Xue R L, et al. Surface morphology
reconstruction and quality evaluation of pipeline weld based on
line structured light [J]. Chinese Journal of Lasers, 2021, 48
(14): 1402010.

[2] S5 &, R&W], TR, S R SBUNOGSS 1 OL 6 1L B
ARAYBFFE R O] P EEOE, 2017, 44(12): 1200001,
GuoJ C, ZhuZ M, Yu Y F, et al. Research and application of
visual sensing technology based on laser structured light in
welding industry[J]. Chinese Journal of Lasers, 2017, 44(12):
1200001.

[3] BWZE, @4k, K. JRAELSH ORGSR R SR IO [T
VY 22 383 K2R 4], 2013, 47(1): 114-119.

Zhao J, Zhao J, Zhang L. Image processing and feature
extraction for structured light images of welded seam [J].
Journal of Xi’an Jiaotong University, 2013, 47(1): 114-119.

(4] #Rl, Bmeos, WA E, 4. BT 450 % R 9 5 fY JF 4 0 i
(1. #E2ER, 2004, 25¢5): 45-48, 52.

Xu D, Zhao X G, Tu Z G, et al. Automated measurement of
weld seam based on structured light stereovision [ ] ].
Transactions of the China Welding Institution, 2004, 25(5): 45-

Whre [J]. PRt SHlE, 2011¢3): 156-158.

Zhang W J, Xu M. Research on structured light visual
inspection system for weld of tailored blanks laser welding[J].
Machinery Design & Manufacture, 2011¢(3): 156-158.

[6] gk, T RO R GERAE R LS R 58 (D] .
o M A AR KRS, 2020.

Zhang J. Research on visual inspection system for weld feature
size based on line structured light [D]. Nanjing: Nanjing
University of Aeronautics and Astronautics, 2020.

[7] #E. ETEHEME RS R [D] . BUM : #L Tk K
%, 2019.

Li Y. Weld appearance inspection based on structured light
vision [D]. Hangzhou: Zhejiang University of Technology,
2019.

[8] ZhuHY, LuY H, Li Y L, et al. Method for detecting weld
feature size based on line structured light [J]. Transactions of
Nanjing University of Aeronautics & Astronautics, 2021, 38
(3): 383-392.

[9] Huang W, Kovacevic R. A laser-based vision system for weld
quality inspection[J]. Sensors, 2011, 11(1): 506.

(100 TWRAR. K943 T ALY 3#0O6 00 38 76 42 & &% B &2 1Ak (D). T
M TR R, 2018.

Ding X D. Online measurement and quality assessment of weld
surface forming based on laser vision[D]. Guangzhou:
Guangdong University of Technology, 2018.

(11 M, 2H, @25, 5. LE0utsahoes Bk 1],
W EOE, 2020, 47(3): 0304002,

Li WM, Peng G, Gao X Y, et al. Fast extraction algorithm for
line laser strip centers[J]. Chinese Journal of Lasers, 2020, 47
(3): 0304002.

[12] Tian Q G, Zhang X Y, Ma Q, et al. Utilizing polygon
segmentation technique to extract and optimize light stripe
centerline in line-structured laser 3D scanner [ J]. Pattern
Recognition, 2016, 55: 100-113.

[13] ZE&=e, fklg, BEhk. L8 a&rhoRRg AR T]. #ok
5ot F2 gk, 2013, 50(10): 100002.
LiYY, Zhang Z Y, Yuan L. Survey on linear structured light
stripe center extraction[J]. Laser & Optoelectronics Progress,
2013, 50(10): 100002.

[14] &R, 2F5, 25, 4. BT R ot AE 5k L]

1602019-7



R £ 49% £ 16 #5/2022 £ 8 A/ EE¢

NI TR SRR, 2021, 43(8): 1422-1428. [16] skffisc. ETRERFEBEN Z4BFEMR S LH[D]. % pk

Cao T C, Li X S, Li D, et al. Illumination estimation based on PARHEE K2, 2019.

image decomposition [J]. Computer Engineering &. Science, Zhang B W. Study and implementation of 3D digitization based

2021, 43(8): 1422-1428. on photometric information[D]. Xi’ an: Shaanxi University of
[15]  #&=fi, Z=0], %A, &. T LED M6l IR g Science &. Technology, 2019.

PeA R M BRI = 4EA I (0] #3000 TR, 2021, 42(4): 191-197. (17] Mek, XBAREE, Moo, 4. T 450000 & 5o iR = 4878 5

Huang S A, Li M, Xu K, et al. Surface defect detection on 0], PEBOE, 2019, 46(2): 0204004.

nuclear power plant components based on photometric stereo Yang P B, Deng L J, Chen Y, et al. Three-dimensional shape

under near-field LED light [J]. Nuclear Power Engineering, measurement of highly reflective objects based on structured

2021, 42(4): 191-197. light[J]. Chinese Journal of Lasers, 2019, 46(2): 0204004.

Weld Surface Quality Detection Based on Structured Light and
Illumination Model

Yu Jiajie, Zhou ]ianping“, Xue Ruilei , Xu Yan, Xia Lei
College of Mechanical Engineering, Xinjiang University, Urumqi 830049, Xinjiang, China

Abstract

Objective Visual inspection method based on structured light has the advantages of simple structure, low-cost, and high-
precision, so it is widely used in weld seam tracking and quality inspection. This method can be used to realize the
automatic detection of weld surface quality, in order to improve the welding quality and realize the intelligent production
of the welding industry. Currently, the research on weld quality detection based on structured light mainly focuses on
single frame image detection. It is still a difficult problem to realize weld quality detection and automatic classification of
defects in a three-dimensional state. Compared with the two-dimensional image information, the three-dimensional model
information is more sufficient and intuitive, so the quality test results based on it have the characteristics of credibility,
higher accuracy, and better stability. Additionally, the weld toe points of a two-dimensional image have the defects of low
extraction accuracy and are prone to deviation. Given the above problems, this paper proposes a weld surface quality
detection method that combines a K-means clustering algorithm and an illumination model. The proposed method can
enhance welding automation production.

Methods To eliminate the noise interference in the image, Gaussian filtering, threshold segmentation, and region-of-
interest extraction were used to preprocess the weld image (Fig. 2), and the centroid method was used to extract the
centerline of the structured light weld. The template line was fitted by the iterative least square method, and the height
feature points were calculated to correct the installation error of the base metal. Considering the change of pixels in the
weld centerline as the sample of the K-means algorithm, three class sets were set, and the distance between the sample
and the clustering center was used to cluster. The center of gravity of the class set was calculated as a new clustering
center, which was iterative until the clustering center remained unchanged. The coordinate points on both sides of the
middle-class set of the final result were used as the preset weld toe feature points, and then, the sample density and
absolute value of the slope at the feature point were calculated to verify the weld toe feature point pair results. The weld
width and height were calculated according to the obtained feature points and the parent plate straight line. The three-
dimensional model of the weld was constructed based on the centerline data of the continuous weld, and then, the light
intensity of the weld model was calculated according to the illumination algorithm to obtain the illumination model of the
weld. The characteristics of the dark area plaque and the related eigenvalues were established according to the intensity
and distribution of the brightness value of the weld under directional illumination. The eigenvalues were used to classify
whether the weld had defects and specific defects (undercut and porosity) .

Results and Discussions During the extraction of weld toe feature points, the accuracy of feature points extraction is
improved by the extraction method of weld toe feature points based on K-means clustering. The width error is less than
0.2 mm, the height error is less than 0.1 mm, and repeated measurement errors of the width and height are less than
0.02 mm (Table 1). Compared with the gradient method, the weld toe feature points extracted based on K-means
clustering are more accurate and stable (Fig. 6), which can meet the accuracy error in practical application. When the
defects are classified based on the illumination model, the following properties are set: the number characteristic value N
of the dark block, the roundness characteristic value R, of the dark block, and the undercut characteristic value S. The
characteristic value N of the defect-free weld is equal to 1, the characteristic value N of the defect weld is greater than or
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equal to 2, the roundness characteristic value R, of the porosity weld is greater than 0.7 (area without defects) or
between 0.3 and 0.5 (area with porosity defect), the undercut characteristic value S is between 0.5 and 0.8 (area with
undercut defect) or O (area without defects). For the classification of defects, the accuracy of the weld classification is 1.
When classifying specific defects, the classification accuracy of undercut weld and porosity weld is above 0.95 (Table 2).
Our method has a good classification effect.

Conclusions The K-means clustering algorithm was used to extract the weld toe feature points, which improved the
extraction accuracy of weld toe feature points and extracted the welding parameters, including height and width of the
weld. Furthermore, a three-dimensional illumination model was established according to the centerline data of the weld.
Additionally, the characteristics and eigenvalues of the dark block were calibrated, and the automatic classification of the
weld with or without defects and specific defect types (undercut and porosity) was realized according to the illumination
brightness data of the illumination model.

Key words laser technique; weld surface quality detection; image processing; illumination model; machine vision
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