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Fig. 1 Schematic diagram of weld quality inspection
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Fig. 3 Physical image, fringe image of four kinds of
defects. (a) porosity; (b) sag; (c) undercut; (d) no
defect
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Table 1 Physical image, fringe image of four kinds of
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Fig. 5 HOG feature visualization effect of weld defect
streak image. (a) Porosity; (b) Sag; (c) Undercut;
(d) No defect
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Fig. 6 Cross-validation results for the model parameters

4 RIITAERGER

R IZFTF & . Windows10 #EVE R 55, b P25
4 IntelCore 15, 4GB NAF. i FRBEHL 3000 i 45 4%
WOG KRB BURAE B AR, b MG | meiln, &
T LN TCERBE A 750 W, SR A 8:2 (1 il 43 E il
SRR, MRSE. & 2EFRAT1E 600 BRAE N 7SRl
BN, HAY 150 EAE g,

R B TR QXA 47 IR S Ak 34,
PEHLAIE 1Y cell K/ block K/ K 7 DR h 45
K, JEBREA U B HOG HFAF [ &, RS kb3 %
FRAESE AN & 7 Bir s . IF8 B A B8R SE 4T B Aw



%14

A, & B4 K Wk TG WO & R HOG-SVM. 19 46 77 3% 61

2% (DM 4 e o A0t 2 T i DU B AL PR e A A
S RUNGREE SRR, Y%k SVM £43 254581, 143)l|
S0 RS AR A R S5 A predict pREL, 15
ZI) IR A B TN 2 A predict-Label, #5 4% it [ 15 51
SRR A KRR .

L et
it A— R Gamma f i
Cell—
ey 4 H SRR & Hit

BeIE 7T £

4
Yy — 4 R
HOG HHIEA &

B7 BEEHALERHEREEEREE

& [ Hfk

Fig. 7 Schematic diagram of process of image
preprocessing and feature extraction
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Table 2 Experimental results of different edge detection
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Fig. 8 Results of weld defect identification
using Roberts
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Fig. 9 Results of weld defect identification using Canny

M Z 2 AT LI M, Roberts & 2418 Il %
15, ik 97.73%; Canny 5. 11 4 35U 3 f I
Roberts 5 F F| FXT 1% 2 2 2230 UK 1 2%, &
A MR /N L B Y AR B B B L. X L
Kl 8, K9, KL Canny B AP, B L A0
R FLEE AN N AR IR R JC B K
T8 B i B L RIH, Canny X B4 347 78 357 7
T, R E R AL BT R vp, 2R FH P (B IE D
Xof PG IR AT 2, 5 PO MG A 733, T2
BRI KL 48 IO AR SURE 3R, R AR/ NI B 2 A5 BUE
PEASHERS, BEAR T .
4.2 AE cell KIMBFIMEBEDHT

T 4.1 PRI S5 R, 522K ] Roberts 5
TFHEBUREEE SR B, Fior Rl 4 x 4, 8 x 8, 16 x
16, 32 x 32 K/INAY cell i T Ab HLm Ao 4O 252X
PRI TRRAE SR, 35 3 5128 T A[] cell K/N4F
fIE [l 25, SRR L K I st ).

£ 3 AFE cell RINHIRIEER

Table 3 Experimental results of different cell size

Cell K/ FRIEAERL  ERBIE B (%) IZRETElys
4%4 16740 97.28 4.6256
8x8 3780 97.39 1.1064

16 x 16 756 96.65 0.7897
32x32 108 94.72 0.3178

X IR A B B EHZR ST HOG FRAEHE IR
IR E e a0k i R S TH NP N 1 U 2 N
cell K/NHEATT F s, ok BRI R R 507 1Y cell
K. 32 3B, cell K/NVH 4 x 4, 8 x 8 iR
PRA Y, 5 4 x 4 cell XF R BRFAE o] 4R 508, H
BRI I ] 2 S8 8 x 8 cell 1 5 455, wen 44 HE R
TR, TR R TR BIR, R HL 8 x 8 cell
AT HOG HRAEHEHL.
4.3 AEHNEEIR A ERE S

US55 (Roberts .-, 8 x 8 cell),
PEAL HOG FEAEXTFE A% B B PR 0 A 38R, 18 HCH



62 B

2

i %44 %

B PG AR K 364 5 RS (Gray Level Co-occurrence
Matrix, GLCM) 75 > %iF BA 2, 75 15 4% e e 1 AR B di
PER RS b, BEHLZEI 70% 1E M5, 30% VEH
DR 5 XoF A YR B AL A G114 R 0 Bl P A i RURFAE
(HOG B, GLCM), 435I SVM, RF, KNN L/ CNB
HEAT 2R, SRRSO S AN 2R 58
XA, 5 YGRE F-HxT L an &l 10 .

GLCM = HOG
S 1001 9786 96.61 96126.49
= 94.91 -
o 95t 91.88
® g0l 89.39
R
X g5183.86
ﬂ
B 80t
75 '
SVM RF KNN CNB
B 10 F#HiR5ZER3TLE

Fig. 10 Comparison chart of average recognition rate

RIS 45 LR, FTEA R 532548, HOG FHIERY
PR YT GLCM. 7] L, HOG H GLCM &
A RAESREER A AR BIEURRAE. 20t 5 IR
B 5%, HOG + SVM [ 5 F i =5, 4 97. 86%.
PUFR > 2B ) SR ] SVM R R 48 IO S s &
18 HOG FEAEAMERRZ T &y, HLWTAL . [MIBG i
1, TR TR B2 5350 96% . 96.67%. 98.67%
1 100%. FHI, HOG + SVM B3 & 5L T ol
) KA i PR 5 2.

5 i

2 —FP 3T HOG-SVM B3k () 45 4% 26 1T ik
BEAASHIN 77, 2R PO R D % I A N 2 ¥R 4R
FRBE BB REAR FSR, WA IO S 2 EUR AT 7843
1) SR TIAL 34, B8 BRI 48tk B O 2 SU MG ARRAE
5 % B, Roberts 57 Eb A1 S A I 3 - 19 11
S, HE A RO SR SRR L SR A .
AR 43248 % HOG ##1F 5 GLCM 4#1E#E 4758
XA AR, HOG 2 B i1 2 45 #4015 B 1
GLCM B Jy 5B 230 PR A 3, 5 R e AF 4% B Ay
fE. ' HOG FHIEFEHUA L S5 SVM 2454 7T DL S ot
R R T R () HERR R0, MERR 2R AT K 97. 86%.

S 0k

[1] GaoX D,MaN J, DuL L. Magneto-optical imaging characterist-

(2]

B3]

(4]

(3]

(6]

[7

—

[8

—

(]

[10]

(11]

[12]

ics of weld defects under alternating magnetic field excitation[J].
Optics express, 2018, 26(8): 9972 — 9983.

Gantala T, Balasubramaniam K. Automated defect recognition for
welds using simulation assisted TFM imaging with artificial intel-
ligence[J]. Journal of Nondestructive Evaluation, 2021, 40(1): 1 —
24.

LuY, Jiang H Q. Weld defect classification in radiographic im-
ages using unified deep neural network with multi-level
features[J]. Journal of Intelligent Manufacturing, 2020, 32(3):
459 — 469.

Kumar D, Verma D, Suryanarayana B, et al. Analysis of welding
characteristics on stainless steel for the process of TIG and MIG
with dye penetrate testing[J]. International Journal of Engineering
and Innovative Technology, 2012, 2(1): 283 —290.

Gao X D, Ding D, Bai T, Katayama S. Weld-pool image centroid
algorithm for seam-tracking vision model in arc-welding
process[J]. IET image processing, 2011, 5(5): 410 — 419.

WA, SR, 3T Canny 55 F R4 BGH ZAAR B R [1].
TR, 2006, 27(1): 29 - 32.

Xie Zhimeng, Gao Xiangdong. Edge detection of weld image
based on Canny operator[J]. Transactions of the China Welding
Institution, 2006, 27(1): 29 — 32.

Gao X D, Mo L, Xiao Z L, et al. Seam tracking based on Kalman
filtering of micro-gap weld using magneto-optical image[J]. The
International Journal of Advanced Manufacturing Technology,
2016, 83(1-4): 21 — 32.

Chi D Z, Gang T. Defect detection method based on 2D entropy
image segmentation[J]. China Welding, 2020, 29(1): 45 — 49.

Sun J, Wang P, Luo Y K, et al. Surface Defects Detection Based
on Adaptive Multiscale Image Collection and Convolutional
Neural Networks[J]. IEEE Transactions on Instrumentation and
Measurement, 2019, 68(12): 4787 —4797.

Gao X D, Sun Y, Katayama S. Neural network of plume and spat-
ter for monitoring high-power disk laser welding[J]. International
Journal of Precision Engineering and Manufacturing-Green Tech-
nology, 2014, 1(4): 293 — 298.

Wang HF, Wu Z J, He Z C, et al. Detection of HF-ERW Process
by 3D Bead Shape Measurement with Line-Structured Laser Vis-
ion[J]. IEEE Sensors Journal, 2021, 21(6): 7681 — 7690.

Han Y Q, Fan J F, Yang X Z. A structured light vision sensor for
on-line weld bead measurement and weld quality inspection[J].
The International Journal of Advanced Manufacturing Techno-

logy, 2020, 106(1): 2065 — 2078,
[ T#%E 70171 ]


http://dx.doi.org/10.3321/j.issn:0253-360X.2006.01.008
http://dx.doi.org/10.3321/j.issn:0253-360X.2006.01.008
http://dx.doi.org/10.3321/j.issn:0253-360X.2006.01.008
http://dx.doi.org/10.3321/j.issn:0253-360X.2006.01.008

70

%}?_

#

2

i %44 %

[10]

(1]

[12]

SEARRIIFEM [J]. KR, 2022(3): 19 - 25.

Li Haodong, Li Guangyao, Chen Jiadui, et al. Influence of power
supply control mode on micro-resistance spot welding process of
nickel chip[J]. Welding & Joining, 2022(3): 19 — 25.

SR, AL, k. BT ARM (9 % A5 F BH AR
T[], HLARAL, 2016, 46(11): 55 - 59.

Zhou Leilei, Li Yuanbo, Zhang Chi. Precise inverter resistance
spot welding power supply based on ARM[J]. Electric Welding
Machine, 2016, 46(11): 55 — 59.

B, SR, L, A5, A R B SR PR AT A
FEIWEST (7). sARHL, 2020, 50(2): 14 — 18.

Zhong Lei, Huang Zenghao, Yang Kai. Research on transistor-
ized resistance spot welding power supply and its composite mode
control[J]. Electric Welding Machine, 2020, 50(2): 14 — 18.

T, R, L. R SO B AR L IR BT (] 454,
2018(4): 51 — 56.

Wang Xin, Cao Biao, Yang Kai. Design of transistor-style precise
resistance spot-welding power supply[J]. Welding & Joining,
2018(4): 51 — 56.

Zhang D D. The Constant Current Charging Analysis Super Capa-
citor[J]. Applied Mechanics and Materials, 2013, 274: 3 — 315.
AR, RIS 7 fa it R G E ARSI BE (D). AR
£, 2016.

Cui Zhongyang. The Electrical Connections and Mechanical
Structure Design of Electric Vehicle Power Battery System [D].

Tsinghua university, 2016.

[13]

[14]

[15]

[16]

T EHUR TR R e e g AR T M. 28 =i dbnt:
MU TR H R, 2008.

Welding Society of China Mechanical Engineering Society.
Manual welding [M]. The third edition. Bei Jing: China Machine
Press, 2008.

FERLE, FCE, XD, 2. LCC IR Z K HEHLIA it BE B 28 1E
TR )], B CEORAR, 2020, 35(22): 432 — 439.

Yuan Chenhu, Du Yongheng, Liu Xiaoming, et al. Constant Cur-
rent Charging Control of LCC Resonant Permanent Magnet
Mechanism Energy Storage Capacitor[J]. Transactions of China
Electrotechnical Society, 2020, 35(z2): 432 — 439.

TRHUEE. ARkt F BRSO r e it e sk, SRR ARV 9 i
JEE [J]. BRHAR, 2018, 43(7): 71 — 90.

Zhang Kaifeng. Study progress on heat and polarity effects of cur-
rent in sheet metal forming with resistance heating[J]. Forging &
Stamping Technology, 2018, 43(7): 71 —90.

AT, AR AR, GRS A BN R AR ST [J]. T
BT 2, 2001, 31(2): 59 — 61.

Zhao Wei, Ren Zhonggen, Chi Entian. Discussion on Polarity Ef-
fect in EDM[J]. Aerospace Materials & Technology, 2001, 31(2):

59-61.

E—EE: LRI, 1996 “E A, BHOFTEAE. FENFEL
FAGHL IR N R R ST

BlEMEE: 4 UL, A2, AT 22N EHFER
PR HA B I HF 9T . Email: kyang3@gzu.edu.cn.

(5.  KEME)

[ kg 62 ]

[13]

[14]

M B, EVR W], R DL R T O 1 R E D ORE T B IR EY
V RURSEERER [7]. * EBEOY, 2020, 47(7): 330 — 338.

Yang Guowei, Yan Shuming, Wang Yizhong. V-Shaped Seam
Tracking Based on Particle Filter with Histogram of Oriented
Gradient[J]. Chinese Journal of Lasers, 2020, 47(7): 330 — 338.
JRImEE, F 5w, B, 5. R IE AR -SVM B 4 W 22

PMIG Jid AR e M [7]. 4524, 2017, 38(3): 107 — 111.

Zhou Xiaoxiao, Wang Kehong, Yang Jiajia, et al. Process stabil-
ity evaluation on aluminum alloy twin-wire PMIG welding by ap-
proximate entropy based SVM of voltage signa[J]. Transactions of

the China Welding Institution, 2017, 38(3): 107 — 111.

FE—1EE W FF, Lo, 1995 A, WFSRA:, EEEIT
] TCHARG TN . Email: 490048642@qq.com.

BEEE SR, B, 1963 4, #82, L4500,
Email: gaoxd@gdut.edu.cn.

(5.  KEME)



