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Table 1 Welding paraments
R AR R R FH SRR
%% O/(L-min’) IA v/(mm-min ') uv
1 2.6 125 120 29.12
2 2.6 130 120 30.06
3 2.6 135 120 30.99
4 2.6 140 120 31.93
5 2.6 145 120 32.86
6 2.6 150 120 33.80
7 2.6 125 90 35.10
8 2.6 125 100 35.24
9 2.6 125 110 35.38
10 2.6 125 120 35.52
11 2.6 125 130 35.66
12 2.4 125 120 29.79
13 2.6 125 120 30.02
14 2.8 125 120 30.24
15 3.0 125 120 30.47
16 3.2 125 120 30. 69
x2 BIEEHRHELYEE
Table 2 Sample quantity'in data set N
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Table 3 Experimental parameter setting

ﬁx“%ﬁ it AR RN BRI KR
Y s I p NI P(%)
1 SGD 0.001 32 100 59. 14
2 Adam  0.001 32 100 95.47
3 Adam 0.01 32 100 53.56
4 Adam  0.000 1 32 100 95.84
5 Adam  0.000 1 64 100 95.57
6 Adam  0.000 1 16 100 95.28
7 Adam  0.000 1 32 200 95.17
8 Adam  0.000 1 32 50 95.15

FERIRIYI Zad R rh, A B A b 4005 000 DA AR
o fcl- iz ek RE, (0 R 25 R R rid FE TP AR 25
WA, BENEOT, HEAERUEE iRk
PEAL AL 1)z AR 7. Bl 2 I 268 i AN W U1 2R P04k,
W EERIRIAE I ZRAE T AP (AR W AT, 4 B A
P T [A] Bs), AARY AE 56 k5 b A [RRE R4 3R
M. ez, SRR R R AT, (HYEREAE
RN, ORI T LS IR
i i UL F IR A A [ — PR R R S
Bk, R IR Ak gt R
REATC R S B0 B AT S8R, = 2 TE R T
W, R S AR AR A S T SR AR
B i SUE et DS P INB T BURL Y AR/ €€ AT Oy
FERTADG I S0 2 2% AR B FiTes 1 R A Ok B
IR S UEAE B4 B A A8 W M RE 1Y
fetn. BEAARRITE 20 Wk 5 A etk fiE R
L H LR, Bl 9 Jy PCSCNet A5 51 (1 Y1 25 4631 1
BT RSN PN ES
3.3 HRREIZITS S

T B A T B ResNet50 BUfk4h
FISELA A IVE T, it T I AlEs. L ResNet50 ¥
ZEAE Ry AE T VR, TR DL R AR YR BE 0 38 1 A
AE$E B B (SE-ResNet50) il ResNet50 2i it 45 14

------ PIERGES(El
— R (E

A

10 15 20 25 30 35 40 45 50
AR B NR
(a) PCSCNet Yl 2556 E41

------ YIZRER
0.51 — Wi
5 10 1520 25 30 35 40 45 50
BEARUEL NIk
(b) PCSCNet Y1 156 IE iR 5

9 EER|ZRLk
Fig.9 Model training curve. (a) loss of PCSCNet
training and validation; (b) accuracy of PCSCNet
training and validation

(PCSCNet). H7Fh 241G 7 55 B 06 BS54
RN 4 Fis.

x4 FEMELEHITUNMERER MM
Table 4 Effects of different network structures on

prediction performance %
BORLZRR iS4 FEEP IR F,
ResNet50 93.02 93.24 89.17 91.16
SE-ResNet50  94.64 94.81 94.71 94.76
PCSCNet 95.55 93.42 96.19 94.79
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Table 5 Performance of the model on the test set %

BERIZ TR HER A KiBEP # MR F,
VGG16 90.28 88.50 92.80 90.60
ResNet50 93.02 93.24 89.17 91.16
InceptionNetV3 ~ 94.59 91.28 97.16 94.27
PCSCNet 95.55 93.42 96.19 94.79
AlexNet-trans 94.60 80.00 94.10 86.48
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FEARA T ME A B IS 55 B F = B ARIE AR L.

T 48AIE PCSCNet #5289 () v 154, {4 Grad-
CAMP” J5 i % HC AT 95 B AT WAL A g, o 11
IR A3 AR, 2O RS A R R
B G— MG FZ R BRI A B 28 70 43 Bie AL
H, TR DGR YOR .l A S B RUREE
K/INAH ] (R B8 11 2R 3R R AN [R] AR AR XoF 43 25 1) 2 i
FREE . $R7 B 2T ) DX A R 26 6 0 2k 5 1 5 )
TR, R 118 DX 3R D X e 5 ) 5 M /.

11 2~ Grad-CAM Al #AL 5. E 11a M5
YR IE T A MG, B 11b AR B AR R R /N
B, B 11e A Raq MR S I KA E I EHR. A
AL EE ST LUE ), 206 X 3 A v eI LA
F BRI, 5 A AR 43 286 e i v 2 B DGV T O T it
MG A5 B IR 45 B = 43 X e, ik 5 S prof
Pk By 2 B AR AR AR EARAT, Sk 1A A ]
SEME.

|-

(a) JRhh A1

(b) A (c) Grad-CAM &

11  Grad-CAM AT #{L 45 R

Fig. 11 Grad-cam visualization results. (a) original dia-
gram; (b) thermodynamic diagram; (c) Grad-
CAM diagram

4 Hi

(1) %1% 45 2 7 SICAR 19 52 B 1 FH 35, el %of
ResNet50 (144 ARG 22 4584 7E4 T 58 2o [R) 25 i B
J5 L PRI A 25 o) FIGE ERRE AR B, $ i T — P Al
A A5 B O A b 128 PR S L 4525 PCSCNet. #5%
RV RS T AER 85 95% LA L.

(2) 5 FH— Tl 32 465 85 52 A6 O R B 0 4% T 4L
J7% Grad-CAM >k AT AR ) 43 254K 58, 5T
JEEZT R I B0 RRIE 5 B ARASE, R T BRI 7
ARAS T A A H R IE A 1Y, BIE T A (Y T A 4.

S5 3k

[1] BRfd, 5448, skpeis. CPEGIE 2025) SR TR
PERT R [7]. M2, 2016(3): 1 - 5.


http://dx.doi.org/10.3969/j.issn.1001-1382.2016.03.001
http://dx.doi.org/10.3969/j.issn.1001-1382.2016.03.001

38

B &

i %44 %

[10]

Chen Jian, Su Jinhua, Zhang Yimei. {Made in China 2025) and

the development and
equipment[J]. Welding & Joining, 2016(3): 1 — 5.
ITHESC, RATE, 2207, 45 /LB B IR B U L

B[], BRI, 2021, 42(12): 54 — 61,86.

of advanced welding technology

Xin Jianwen, Wu Dongsheng, Li Fang, et al. Formation mechan-
ism of strip porosity in small hole plasma arc welding[J]. Transac-
tions of the China Welding Institution, 2021, 42(12): 54 — 61,86.
RAER, BUREL, B S, LR Tl T ARk e ).
s il AR, 2015, 58(20): 34 — 39.

Wu Chuansong, Zhao Chenyu, Jia Chuanbao. Research progress
of piercing plasma arc welding process[J]. Aeronautical Manufac-
turing Technology, 2015, 58(20): 34 — 39.

Al i, R4, 5K, 45, 100 pm RS RO iR 45 25
TIRSRBTEALEE [7]. 47422441, 2021, 42(6): 77 - 84.

He Jianping, Wu Xin, Ji Yongfeng, ef al. 100 um forming mech-
anism of pulsed micro beam plasma arc welding of ultra-thin
stainless steel plate[J]. Transactions of the China Welding Institu-
tion, 2021, 42(6): 77 — 84.

RHE, BRI, BRI, 55, 55 AN G RORSE 2 TR BuRR A AR
LEINOER AL (0], JEEAIR, 2018, 39(9): 55 = 60.

Li Ting, Huang Jiankang, Chen Xiujuan, ef a/. Thermal character-
istics and weld forming characteristics of bypass coupled micro
beam plasma arc[J]. Transactions of the China Welding Institu-
tion, 2018, 39(9): 55 — 60.

XUHA, XUE, B HElE. TR I FTEE R (1], THAUN BT,
2014, 31(7): 1921 — 1942.

Liu Jianwei, Liu Yuan, Luo Xionglin. Research progress of deep
learning[J]. Application Research of Computers, 2014, 31(7):
1921 — 1942.

ERL, XUBERN, T 308 3 TR 2 M 45 CO, JR)a b 5]
BRI T2 [7]. #482, 2017(6): 21 - 26.

Tan Ke, Liu Xiaogang, Ding Lixin. State recognition method of
CO, welding pool image based on convolution neural network[J].
Welding & Joining, 2017(6): 21 — 26.

ARG, X, I, S B TR E RN GTAW 1%
TR (7], ALK TRE2A4R, 2019, 55(17): 22 = 28.

Li Haichao, Liu Jingfeng, Xie Jibing et al. GTAW penetration
prediction based on convolutional neural networks[J]. Journal of
Mechanical Engineering, 2019, 55(17): 22 — 28.

Li C, Wang Q, Jiao W, et al. Deep learning-based detection of
penetration from weld pool reflection images[J]. Welding Journal,
2020, 99(9): 239s — 245s.

XHr . Bk T 1E T2 UL R AN BE 4 ~) S B PAW ZEAL/AE 5
AT [D]. rg: AR, 2017,

Liu Xinfeng. Prediction of PAW perforation/penetration state

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

based on frontal molten pool image and depth learning
algorithm[D]. Jinan: Shandong University, 2017.

Gu J, Wang Z, Kuen J, et al. Recent advances in convolutional
neural networks[J]. Pattern Recognition, 2015, doi: 10.48550/
arXiv.1512.07108.

He K, Zhang X, Ren S, et al. Deep residual learning for image re-
cognition[C]//IEEE Conference on Computer Vision and Pattern
Recognition. Las Vegas, USA, 2016: 770 — 778.

Hu J, Shen L, Sun G. Squeeze-and-excitation networks[C]//2018
IEEE/CVF Conference on Computer Vision and Pattern Recogni-
tion. Salt Lake City, USA, 2018: 7132 — 7141.

He T, Zhang Z, Zhang H, et al. Bag of tricks for image classifica-
tion with convolutional neural networks[C]//2019 IEEE/CVF
Conference on Computer Vision and Pattern Recognition. Los
Angeles, USA, 2019: 558 — 567.

Han S, Jeff P, John T, et al. Learning both weights and connec-
tions for efficient neural networks[C]/NIPS'15: 28th Internation-
al Conference on Neural Information Processing Systems. MIT
Press Cambridge,USA,2015: 1135 — 1143.

Pham H, Guan MY, Zoph B, et al. Efficient neural architecture
search via parameters sharing[C]//International Conference on
Machine Learning. PMLR, Stockholm, Sweden, 2018: 4095 —
4104.

B SE, B, T, AF . BT A B2 W 4% 1Y 1E A
% [J]. THEHLARFSE 5 R, 2014, 51(9): 1891 — 1900.

Lyu Guohao, Luo Siwei, Huang Yaquan, et al. Regularization
method based on convolution neural network[J]. Journal of Com-
puter Research and Development, 2014, 51(9): 1891 — 1900.
Szegedy C, Vanhoucke V, loffe S, ef al. Rethinking the inception
architecture for computer vision[C]/IEEE Conference on Com-
puter Vision and Pattern Recognition. Las Vegas, USA, 2016:
2818 —2826.

Jia C B, Liu X F, Zhang G K, et al. Penetration/keyhole status
prediction and model visualization based on deep learning al-
gorithm in plasma arc welding[J]. The International Journal of
Advanced Manufacturing Technology, 2021, 117(11): 3577 —
3597.

Selvaraju R R, Cogswell M, Das A, et al. Grad-CAM: Visual ex-
planations from deep networks via gradient-based localization[C]//
IEEE International Conference on Computer Vision and Pattem

Recognition. Hawaii, USA, 2017: 618 — 626.

E—EF FhE, Ail; RN T RGNS ; Email:
819221454@qq.com.
BEEE:XHE, W1, 8I#4E; Email liuxinfengl 8@

sdjzu.edu.cn.

(%W5E: IRFH)


http://dx.doi.org/10.12073/j.hjxb.20210414003
http://dx.doi.org/10.3969/j.issn.1001-3695.2014.07.001
http://dx.doi.org/10.3901/JME.2019.17.022
10.48550/arXiv.1512.07108
10.48550/arXiv.1512.07108
http://dx.doi.org/10.7544/issn1000-1239.2014.20140266
http://dx.doi.org/10.12073/j.hjxb.20210414003
http://dx.doi.org/10.3969/j.issn.1001-3695.2014.07.001
http://dx.doi.org/10.3901/JME.2019.17.022
10.48550/arXiv.1512.07108
10.48550/arXiv.1512.07108
http://dx.doi.org/10.7544/issn1000-1239.2014.20140266
http://dx.doi.org/10.12073/j.hjxb.20210414003
http://dx.doi.org/10.3969/j.issn.1001-3695.2014.07.001
http://dx.doi.org/10.3901/JME.2019.17.022
http://dx.doi.org/10.12073/j.hjxb.20210414003
http://dx.doi.org/10.3969/j.issn.1001-3695.2014.07.001
http://dx.doi.org/10.3901/JME.2019.17.022
10.48550/arXiv.1512.07108
10.48550/arXiv.1512.07108
http://dx.doi.org/10.7544/issn1000-1239.2014.20140266
10.48550/arXiv.1512.07108
10.48550/arXiv.1512.07108
http://dx.doi.org/10.7544/issn1000-1239.2014.20140266

	0 序言
	1 数据集获取与预处理
	1.1 数据采集与数据集建设
	1.2 数据预处理与数据增强

	2 网络模型
	2.1 骨干网络选型
	2.2 通道特征提取模块
	2.3 骨干网络优化

	3 试验结果与分析
	3.1 模型评价指标
	3.2 试验参数设计与分析
	3.3 消融试验设计与分析
	3.4 模型对比分析
	3.5 模型可行性分析

	4 结论
	参考文献

