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Weld defect detection method based on lightweight feature enhancement network

Fu Liuhu
(Shanxi Mechanical and Electrical Design and Research Institute Co., LTD., Taiyuan 030009, China)

Abstract: [Objective] In order to further improve feature completeness and correlation expression of depth feature enhancement model for
ultrasonic signals of welds and global optimization efficiency of model parameter adaptation, a weld defect detection method based on
lightweight feature enhancement network was carried out in this paper. [Methods] By constructing weld defect detection model, correlation
characterization of weld characteristics and different spatial features was enriched. Sparrow search algorithm based on global optimization
strategy was introduced to further improve efficiency and performance of parameter adaptive optimization. At the same time, the improved
optimization algorithm was used to self-optimize four key model parameters required by the constructed model, and finally the detection model
suitable for spatial characteristics of weld defects with self-learning ability was constructed. [Results] The experimental results showed that the
proposed model had a recognition accuracy of 95.54%, and average test time of a single sample was only 1.4 ms, which achieved better
detection effect than other baseline models, and could meet requirements of online real-time identification of stainless steel weld defects,
verifying its effectiveness and generalization. [Conclusion] This method reduced impact of artificial network design on parameters,
performance, learning ability and cost consumption, and could be widely used in researching automatic model construction in different defect

detection industries, which provided favorable technical support and guarantee for industrial modernization.
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B F R 1Y 4 B R, € (0.00,1.00); @ 3 1 25 7] 5 & N
3 B AN . AR R, SIEIRE B E N
0.01; X i ALl Y 3 TR 4l 15 1 B (E 46 A, K RiT
B (26) s

Lf,—f>0
R:{

-Lfi=f<0 (26)

0.f,—f=0
s f AR LIS A o S HTAMAR B3 B A
4.2 LNet W #R1 [ {4k

KREFATR LRI T N T8, IKFER L
R 2 TE 0 RS Bt 347 R, 1 X R[] 268 A
) Bt B B AR T BB T B BT A AR AL . X, 9% SCHR
PR [ 35 N S OEHL ], OF A HE T IS N R A
F ffi PASSA FIRALHR B A, A R /D> T T 4F & Fi
RUA[ fif B

S0 2ok B FE R PR A AL A7 PASSA X LNet
P 28 BT 4 A G R S BT S, 13 B0 A0S A
I ALNet, $ = A5 78 [ 3E B FERE J1 o 4 R S
B & ks [, 2 R R RN IR .
FRAE PASSA H 4% R 48 v B A B 37 Ak e RO S 7
K QD) yO N M AREE, 1) R HIAREE, batch it
KRN . SREUH £/ 2 PASSA B 33 37 13 ok 8 2R 17

MRE ST, e S B2 B R i S I A AR

! o
f= bm;'y(’)‘“’)' (27)

5 RIE

5.1 PASSA FILPERBIIE

B UE PASSA FvA I T LM RE, # I 5 SSA | it
e £t fk 34.3% (Dragonfly algorithm, DAY JK IR A 1k 5
% (Grey wolf optimizer, GWO)™ | [f] H ¥ I {k 5 ¥
(Sunflower optimization, SFO)™"', 3 # {)i; 1k #% 1 1k &
% (Equilibrium optimizer, EO)*"5 i 8 ¥ 7 10 /> 3 vf
PRIES b AT X A FLRS o R S A A R AR 1
TE A 100, 2EARUEL BB R 1000, A RR4E R Ry 30, 7E
BGiiE PASSA Jr ik e ME R RIET, i T HEBR AR &R
() 52 M, K A ST 38 A7 2% JEE PRI 30 WRIFAE il 56 25
SRAT T o B2 A B Y B R o 25 4R R B 4 0F
Mragtn, BANEE R BRHEITRR ., 10 D EEAER
Breuds : SchwefeIN1.2(F1), SchwefelN2.21(F2), Rosenborck
(F3), Step(F4), Quartic(F5) 5 /1> i 4 5 06 JE 1 oR 45, LA
M Schwefel(F6), Rastrigin(F7), Ackley(F8), Griewank(F9),
Penalized(F10) 5 /™ 1= 4k 22 0 FE vl R 8. X LU 45 2R 4
B 2 Ak 3,

F2 BIEEAEREIREER
Tab. 2 Experimental results of single-peak functions

B ali SSA DA GWO

PR M iR T FifiERE M bR
F1 1.648x107 8.040x10° 213.7 429.1 1.569x10°" 1.515x10™
F2 2.652x10" 1.221x10°"° 1.895 1.012 2.024x10°" 1.173x10°°
F3 8.360x10°° 1.988x10°° 2.197 0.950 1 26.45 1.376x10"
F4 1.580x107 1.541x107"° 1.167 1.408 02223 0.184 8
F5 5.110x10™ 1.660x10~* 1.790x107 0.105 1 8.752x10™ 4.663x10™

i SFO EO PASSA

PR M R M R T PR
Fl 2.064x107" 7.743 9.556x107 0.064 0.0 0.0
F2 1.053x10°° 9.865x10" 1.022x107™ 1.085 0.0 0.0
F3 2.702x10°° 14.65 24.41 3543 2.442x10°° L112x10"
F4 8.550x10° 17.36 9.455x10” 6.384x10" 1.261x107 1.655x10"
F5 5.125x107° 5.536x107 1.473x107 2.641x107 1.463x107° 1.001x107
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Tab. 3 Experimental results of multi-peak functions

®3 ZDEEERHILBER

Ho SSA DA GWO
PRER SEH (1 i S b S e
F6 ~7 953 720.4 1990 1701 —1702 1473
F7 0.0 0.0 12.18 5.908 3.047 3.716
F8 8.882x10 " 0.0 2.204 2.167 7.021 2.751%107"
F9 0.0 0.0 03381 1.243x107 13.25 4.741x10
F10 3.352x107" 2.853x107" 0.501 4 0.3313 0.1826 1.422x10°*
FLvE SFO EO
PR T R T R T bR
F6 -1.250x10* 1.677 -8398 0.5017 -1.255%x10* 6.007x107
F7 2.273%107" 1.216x10°" 0.0 0.0 0.0 0.0
F8 4.702x10°° 0.501 7 3.996x10 " 0.267 4.440x107"° 0.0
F9 2.386x10™" 0.1182 0.0 0.0 0.0 0.0
F10 1.535%x10° 4.443%x10° 4.849x107 0.450 2 1.483%x1077 1.003x10 "

2% 2 7 e T, Xt T S E PR 2L F1 M F2, PASSA
HB T LA R 5 15 B 0 B S A R vk o AR SRR B3,
F4 Fl F5 B, JS 45 PASSA K A8 #k 2 B8 b Y 5 I f#
s, ABAE (B bR 1 22 3 S PEA FE A% L, PASSA #£
B g 5 HAL B AR LR A A . UE A A R
W2 pR B TR, 285 Mgk Y PASSA HAT b Al 549 B
5if {14 P BE AR E M

P& 3 0BT Al R, X6 v 4 22 06 3L pR VB FT % T,
PASSA 5 SSA #ynl fa e S T & R i {6 . PASSA
7E F8 ik pR AL I, A5 10 35 i et Hb L B0 T sk
TEXF F10 ()R fii of, PASSA 1E 2 D PEM 46 A5 | 1 5#b
T SSA, {H5 H g xf B A He, PASSA iyt # 3k &
Ko P, JOIS 7 5 I o R B0A J2: 22 06 6 o o K,
PASSA AJ LUAE 22 Yk 1) TP ik 78 v 6 B0 HS B8 4 1 540
PERE, 2B PASSA H & = 8411 42 Ja) T B8 1 1 )= &6
RERRE T, BeUE 74 i A IR S &R 25 ]

S T kG SSA Bk U i 2 v R M RE T R
SR AT A TR) R, 22 30 % SSA Bk B kAT T
TE A A7 Al 56, UE B T8 Sy RT AT R E 6
PASSA 2t I fl i35 45 SR UL 3R 4, Frh 245 31 38 R[]
SR 10 S8 UE R B2 AT 30 W - 24 3 0 B (B A
B AT A

46 2024 £ 7 1

AT Rl g6 vh mT DAAS I SCE B 19 R S
R T L I B30 240G A [ R R 4t e, HG o AL
T DQN B3k 1 2880 A 34 0 8 4 SR gt-$i e RO e oy W
o AN, KBk 51 AR YR BE P Az I R] A2 2% BE
fen A TR) AL, 2 SO A8 S s B R AT T b, 2k
it B, C Bk F3 pRELAMNEE A BT 22 5 A K. 51 A it
D A5 HAth 58k 32 A B[] K 1 440 e L R 408 A P b i 8
SRS B A 4 1 B AR, A8 47 I R) 5 5 0 e ) 22 R
AN RABMERE KR &, JUHAE F1 R 8L B4 A iz B
(9870 25%. PRI, 123303 AT LA T 32 SCG) Hi 4 ik
I ez D 1) 28 455 A8 v i |1 3 g -0 TR) A L7 EL A AR
K SE I
5.2 BAZEFRIIE

1% 3C i\ B AE Intel Core CPU I5-10500H, 16 GB 4
f£. 64 fii Windows #21F & 4t . PyCharm2020.1.3 | i
A7, T felE FH 0% 5080 4R R U5 T A6 LU Y ML BT A B
AR ) P48 d il 507 &5 RAE RN A HAAHEW
KRG G B B, SRS 20 B s AT A Ak it T AR IR
UE P A AT IR AF — RN R A o H R A
FHHE A e AE R b 0 S5 L A S AL R SR BRI 4,
3 Ak 42 USRI 43 AT [R1 38 A5 5 R HE Wi 0 K oA 5 A ol 2
R, ZR I B 544 A8 7S BRFA R, LR RIE S
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F4 PASSA it i REiR e
Tab. 4 PASSA-modified ablation experiment

251 A B C D
SSA d V \ V
AT BB V \ V
IR R \ V
S T J
F SFHIE i) 2/ FHIE ] 7,/s FHIE i) 7/ A B8] £,/
Fl 1.648x107° 20.05 7.123x107° 23.88 1.421x10° 25.78 0.0 15.05
F2 2.652x10 " 6.43 2.001x10™ 7.71 2.004x10°"! 6.65 0.0 6.55
F3 8.360x107 7.12 7.127x10° 7.30 5.122x10~ 7.45 2.442x10™ 7.20
F4 1.580x10° 6.50 4.150x10"* 6.88 5.150x10° 6.76 1.261x107 6.49
F5 5.110x10™ 7.63 4.610x10" 7.88 4.710x10™ 7.87 1.463x10°° 7.46
F6 2737 6.51 2731 7.03 -2703 6.81 -1.255x10° 6.41
F7 0.0 6.40 0.0 6.85 0.0 6.99 0.0 6.03
F8 8.882x10" 7.02 4.440x107" 7.55 4.440x107" 7.64 4.440x10 " 6.89
F9 0.0 7.28 0.0 7.81 0.0 7.95 0.0 6.91
F10 2.352x107 8.50 2.731x10° 8.99 2.718x10° 9.98 1.483x10° 8.17
Jeity . ARERIE L Far, AL, IF I EVRR IR B g Uk A LNet 17 R [ 35 v F0015 B0 AL 5 AR AL ALNet.

‘W%MJEZF%%%@%#%Eﬁ%?ﬁ%
17 0] A0 Ak Ak B, 3 o 3 96 TG 5 A 0 45T R % R A R
—%ﬁm@ﬂgm@ﬁm@7%WMHﬁﬁ%ﬁ%
T L R A A5 5 % Bl B 1 5 R E 42 B T B, 1
PR 38 W — 48 1A 5, IR B8 40 1 % L 3l 4l
SRAERMEIESE .

1% CH H 248 56 58 E )5 /Y 5 P RE PASSA Xt

2+

1

o

1.0 1.5 20 25 3.0 35
s Tl ,/s

BAINV

P
|

4.0 45

7 — e A A I s A

Fig. 7 Time-domain data of one-dimensional ultrasonic testing

PASSA B S8 RIG UL 5, K Fh ARG 4 A4
JE 43 1) X5 N F AR Y 4 AN RE DG AL S B0 o i 23 ) 3
22 ) R MR KNI AL 2%, B 46 FhE KN A 10, B

RAEARRECK 5. ffi H PASSA Jir 18 - 5] 1) fie A A5 72
55 H A LR HEAT X I, WL 6,

R5 LNet REFRUSH K IEE

Tab.5 Parameters and scope of LNet model to be

optimized
(SRIRI% 27 RV
B 8 % 1) 4ol PF”, “GASF”, “GADF”, “MTF”
23R [1x107,1x107]
HEIIN [4.8]
(i fh e “Adam”, “SGD”, “Adamx”, “Adadelta”, “AdamW”,

“ASGD”, “RMSprop”

5.3 HLAIPERERIE
T 383 UE W% SR 3 07 95 A RE, f T
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%6 LNet #8I(F ] PASSA L EMRMAERI A
Tab.6 LNet model uses the optimal model components
optimized by PASSA

FRRALR LA DAL W A R e 21
i e 2 TR gk “MTF”
E RS 0.000 089
(IR O NUN 8
RIS “Adam”

P 43 25 0 3 0 5 i Ak 4 LM 28 928 ShuffleNet™,
SqueezeNet™, MobileNetV3™" K & K & F #f 4 ™ 2%
DenseNet™, ResNet18™”, ViT", EfficientNetV2"" 5 i%
SV Y LNet, ALNet 925 I 280 | #5E 8L ZRinf 1] |
BN it 0 G ) S HEA R 4 S J7 TR AT R, 45 R
L3 7, T e e TR A SR A, A
BT G LR 48 M 4% ShuffleNet, SqueezeNet,
MobileNetV3, ALNet ()2 ¥t FAB AT i 5 AHES T
B B 28 M 4% DenseNet, ResNet18 %, ALNet 7F 5
R 80 B A B R Hes T AH B T A il FH 3L T R 2 48
KA AR A S0 FOHLHH WL LNet, 154 45 T %
SCHE A IZ AL, ALNet 7E Y1 2RI ] 5 B A B R

R7 MEEBEEEXT LIS
Tab. 7 Comparative experiments on performance of network

model

TES ZHce YIZRaEE DUARSE R R
R N(10°)  ,/min 1,/ ms (%)
ShuffleNet 438 145 2.9 68.39
SqueezeNet 4.5 131 2.8 88.12
MobileNetV3 4.0 113 2.4 91.80
DenseNet 7.0 206 14 90.90
ResNet18 11.0 233 16 91.57
ViT 86.0 562 10 92.45
EfficientNetV2  24.0 342 7 93.24
LNet(i%30) 2.9 34 1.9 94.06
ALNet(i%30) 7.3 20 1.4 95.54

48 2024 £ 7 1

e, UE W] £ 07 0k 00 e 8OTE oA At o BRI Z A0,
ALNet 15 50X B AN i 1) F 2700 3 6] 50 1.4 ms,
T A 5 AR o 7 2 S IR 9 R

6 it

(1) TP T 55 T2 fa A Ik 10 50 1) 24 A 4 ke
RN T3 2 WE 5 o Ay A T 1] R e o A D) ) R AT 4 i
W25, R — 4E i S T 5 B M 2 20 25 W UR
FNEBE J7 Foe b 1) A O i ACRR IR P, 5T R O
RGN AL TR X A P A5 R 8 A 1 L SRR A SRR,
SR Z ORI T s BB B4R O R B TR,
FIA 2 4 Jr) U0 SR s ek (Y PASSA, &1 Xt 18 & 4
SRS Y 4 S SCHE S B A T RPEDE AL, B G T ]
JEAR I TSRS i AN O R 2 R A R
P TR R AR E Rl iR . Z20d PASSA A il
ISE ARG S F10 A 0 e o G I A TR 7 5 A A A BB 4 R
LEERIE Sy ED QUM R IE 2§ PN )
AT, Bk 7% SO A S B TN T Z
B PERE L 7 T BB A THAE AR I

(2) 3% SCHY 32 2 Jg B 1 12 A 55 A 0 4 ol o A5 20
T3 o N T WL 6 i AG I 4k . 7 R ok B9 T AR
eI ARG 00 [ SR R J5 ik, BE 0 T A TR Bk
RN AT oMb B gl A R Y, Oy Tl AU R
R FFo
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