TR == A AL TEE AL a5 4. 2025, 33(7)
|;|)-]JJ Iit'lﬁﬁ&lzﬁ 1z I, Computer Measurement & Control . 8l

TEHE 1671 - 4598(2025)07 - 0081 09 DOI:10. 16526/j. cnki. 11-4762/tp. 2025.07.010  FRE4HES.TP391.41  CHRIFIRG:A
#F i YOLOvSs /Y 55 B+ 3% E R B 4 T 77 7%
O K, % w2 &, WEA

(L PHEFHMUGTINEFEWBOARAF . IR Fi5 2660005
2. WHEETRHEM AR F =+ =05, K 030032)

T XA G0 55 v AT 2 T B B A I O 3R AR AR RS B 25 B T 1R K A1 0L i B AG I RE 0 O R 4 R, X
YOLOvSs S EMEAT T HORBEDITE s 51 A CBAM 32 3 AU IR AL T X5 B R G HEFRAE A SR IAE 7 . 454 CotNet BLHRIR TT
TRER/N BARA I A RE T . SRS AT Sk S 2 RO B bR A IS RS . A T SToU 451 2% R K00 1 T 458 22 f) i S5 i J32
AR INRS B2 o SEAF s Ah BT F AR HE A9 TR0 )8 s 22 S il k. e Rk AR SE 06 A A AR S RO SR R o R gk F
95. 700, MWEE . mAP: 5 mAP; o 3T T 43005 2.5, BRI T 55 da AR 1= 088 1 3 18 B e o I 14 o o M
FNTTAEPE . A R R HL B M T e A1 1 R TR B A U W R — RE S (.

KEEW: SRR KWK YOLOvSs; HEREHG s 1Bl shasilk

Surface Defect Detection Method for Low-voltage Circuit Boards
Based on Improved YOLOVvSs
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2. The 33th Research Institute of China Electronics Technology Group Corporation (CETC), Taiyuan 030032, China)

Abstract; Low-voltage boards have the disadvantages of low efficiency, poor accuracy, and insufficient capability in de-
tecting appearance defects of electronic components in traditional surface defect detection methods. To solve these issues, this
paper makes a technical improvement of the YOLOv5s algorithm. The convolutional block attention module (CBAM) atten-
tion mechanism is introduced to enhance the extraction of key board features. The contextual transformer network (CotNet)
module is integrated to improve the capability of small target detection. The dynamic detection head is adopted to achieve the
detection of adaptive multi-scale targets. The structure-based intersection over union (SloU) loss function is utilized to opti-
mize the model convergence speed, detection accuracy, and bounding box regression. Experimental results show that the im-
proved algorithm achieves an accuracy of 95. 7% on a custom board dataset, and compared with the original algorithm, it im-
proves the mAP;, and mAP;, 4 by 4.3% and 2.5%, respectively, thus effectively enhancing the accuracy and reliability of
surface defect detection for low-voltage board components, which provides a reference value for the defect detection of elec-
tronic components on circuit boards in the future.
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SRR, SRAL T B0 S X FFRE ). (X H AR e f
e = HLAS PR AR, ME DO LA A B B G . HhanoT
L85, CloU 78 DIoU Jefih b 5] A %8 &5 bt — 80t 2
W, AT R ) GE R B DG C AR TS A T PRORS B (R e
A S gy i/ B R LAk

AHEL T X 3 8k gk, SloU i@ ot ff & . FE & A
TEAR 3 FhpLHl B & ULk, R A EE 4R A B IE T I AE
BARE . JF 3 A BE B4R A G R 2/ y 5 ) BE AR
WD AL shse . FEARBE R Q W A A R R TE S B AE
SRIE. BERIT /D HREERE .

Sy g R ], SloU 78 Hi B% Ak Bk Fa & I A% 55
mAP,3EF T 96.5%, % CloU, DIoU, GloU 4} 3| 2
F1.2%., 1.0%., 0.7% ., mAP,, #FE 57.1%, &
FH A e R %L 0. 4% ~0.9%, A, i ] SToU #i 2
PR BRI 50 7 o e S50 3o 3 0 AR X B, X — &5 AR 3R
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P 7RI A R, O SRR A R E AR RS T R e
T v AT RS B R B
3.5.2 JHAhSLE

J T HE5E CBAM & JiHLil . CotNet £52 B gt i |
BRI 3k LA S SToU 481 2 pR H50xF 455 B 35U BB 1 1 5%
WA S 0 2 R A B R I A b HEAT T L
L YOLOvSs i EEal, #4051 A BIH, 50k 4 45 Bt
AT SO ROR . A R N3k 3 iR .

F3 P R AR b T S B 4%

Precision | Recall |mAP;, |mAP:-, o
F5 b i
i ks i | v | sw | %
1 YOLOv5s 90. 9 91.7 | 92.2 | 54.6
2 YOLOv5s+ CBAM 91. 8 92.8 | 93.8 | 55.5
3 YOLOv5s+ CotNet 92.3 93.3 | 94.1 | 55.7
4 | YOLOvEs+ai&skmsk | 91.5 92.7 | 93.7 | 55.2
5 YOLOv5s+SIoU 91.9 91.9 | 93.5 | 55.4
YOLOv5s+ CBAM-+ _
6 93.5 95.4 | 94.7 | 56.2
CotNet
; YOLOv5s+CotNet+ 93. 3 95.2 | 94.8 56. 5
- NESEN o)
AR Sk
s YOLOv5s+CBAM+ 01 3 06.2 | 05.7 | s6.6
CotNet+ 2 5 il 3k T
9 YOLOv5s+ CotNet+ 919 958 | 05,9 6.9
A K 3 + SloU > ? 7
YOLOv5s+ CBAM-+
10 | CotNet+ B A4 %k + 95. 7 96.9 | 96.5 | 57.1
SloU

SEE Y A A B R R R b S A & A AR
PR 2 2 THEE 0 R AR . JE 2SI A CotNet Kk
JE A BIE R TERR SR T I K . mAPs, o d8ARIETH T 1. 1%,
J PR 2 CotNet AL o @ 37 Bl b X3 5 ] [ T 4% 17 19
B SCORHR, W G R A A o] A B R AR SR8 RE s
CBAM i 3+ WU T 5 g B 23 J31) DAl T 4 32 A i SG
T SCRHIE 5 25 (8] 4 52 23R 45 Jay & 57 DX, A 200 ) 6
G ST, B I mAP . fE bR 4R T T
0.9% 5 ZhASFLI K (Y 51 A A3 B2 5] 0% 75 AS 7] RBE 1Y
H?FT'?Q 0L A 0 A G B A b 3 H AR RN Y
A, X — B R T T XN BER IR . mAP; o
%W%ﬂTQ6%ﬂ%Uh%@ﬁﬁﬁ%ﬁE\E%
B AR 3 FAIL ] K5 D0 AL . B/ H AR 5E AL RE 1 R R 4
Tby B mAP, 15187 0.8%,

J3 5 B E] A B[R] R0 HE — 2B BOR T P RE R 4R
CBAM 5 CotNet &5 T il R E S5 4R 1T Xk
PR3 AN . fff mAP; o 388 T 1. 6%, Mt — L Hk
B AR kL5 SloU fff ATEF, A & $& 4k iy 22 ROEE B
RE 715 )5 5 1 6 40 Ak 22 10 29 OB GE 1 #8 4 ﬂﬁéﬁd\

o G Y0 A B 2 P 4 T, AR R AT ) U2 AR Ak
B%: CBAM 5533 yE 15 5, CotNet 38 b Sl B 57 1F
REE, AR Sk 3E A H AR ROEE A4k, SToU fie 48 &
S AR A, B DY B I A AR U AR R T B T
Ky mAP, o BT RUIFZATRT T 2.5%, HEH R
PRIT 480, B ERFAT 5.2%, mAP T T
40300, SEUG % W G R He b il R B R R T
YOLOvVSs 75 Hi, 5 Mz 70 & 1 2% 187 5 B o 000 A% 55 o i 3R B
AT TR, 4w TR A, IFEE T
A 5% O A sk .
3.5.3  XFLLikE

10 JE R T SR Ja i B vk A AR 0 3 50 A R 1 S bR
R, -k B AL 5 MhS AL 7 N EpE . Ak
HEJG R RDG L HEAT R . AT LA B 7 A i B 34 A
W H e LBt B 7 7 0 5t B 23 S S8 B iR

10 St Jo B A5 RG2S

m 4 iR, EERBIREMELRALE ., LRSS
AW T ¥ B AT — 28 B AR R 55 3% Faster RC-
NN SSDP | YOLOv3®™ | YOLOvSs! 5 4% 3¢ g it
HIBE R EAT TN XF e . AT LA H AR SORE Y A 4% 330 4
B 259 06 F o LA BT, R 1) S o 0 2 R A (] 58 )y T Ay
Mk F] T 95.7% F1 96.9%, AT SSD 4Bl T
10. 4% 1 10. 8%, AMLRI[ m AP, 845355 T 96.5%,
FHEC LA JL R BSR4 25 T 4.3~9.0%, 76 3 4% [
mAP;, o5 f8 b8 B, A0 L H A LR B A 4R & T 2.5 ~

8. A Vo, XS TH B B HE IS R R 7E RS I AR R T AR
F4 BRI 5 R R A U Pk B LL AR

. Precis |Recallpm APy inAP;, FPS
EOWE | s | TP
1 Faster RCNN 88.9 [89.5(91.0| 52.3 [104.5X10°|21.6

2 SSD 85.3 | 86.1|87.5| 48.7 |63.3X10° |36.8

3 YOLOv4 89.6 [87.2]89.5| 50.7 |89.7X10" [47.2

4 YOLOv5s 90.9 [91.7]92.2] 54.6 |19.8X10" |51.6

YOLOv5s + PSA

5 | +BFPN+ P2 K| 94.2 | 96.4|95.7| 56.7 |18.7X10° |55.8
sk +EloU
6 ViN'e 95.7 196.9]96.5| 57.1 [17.3X10" |58.3
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