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Abstract: Aiming at the problem of unclear small-target features and insufficient detection accuracy in
the defect detection task of industrial printed circuit boards, we proposed an improved algorithm based
on YOLOvS8 algorithm. Firstly, we adapted the defect detection of printed circuit boards by adding or
deleting the feature map sizes, and drew on the experience of the weighted bi-directional feature
pyramid network structure to retain the features of the original image. Secondly, we designed a
lightweight module at the neck for feature extraction by using group convolution, which improved the
detection accuracy while reducing the complexity of the model. Finally, before the small-object
detection head, we introduced coordinate attention module that could enhance feature representation
capabilities, further improving the inspection accuracy. The experimental results show that the
improved algorithm can improve the detection accuracy mAP@0. 5 to 95. 4% and achieve a detection
speed FPS (frames per second) of 105.4, which can better meet the requirements of industrial
detection for accuracy and real-time performance.
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Fig.3 Improved weighted pyramid structure
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resources/dataset/). 1ZEIE 50 F B fL (missing hole) . I (mouse bite) . JT % (open circuit) . 48 %
(short) , FH (spur) ARl (spurious copper)6 Bk ff. JFIA Ed I & 693 K f, HEAERD.
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YL F.

SEHflE A AR RGO Linux Ubuntu, K855 NVIDIA GeForce RTX 4090, Ab 22 4% 4
Intel(R) Core(TM)i9-13900KF, & 2% 3 HEZE &y Pytorch, GPU i ) i CUDAL2. 2, 4fEIE S N
Python, f# B %% 5 Python 3. 9. JIZhmt, H AR R SHN 640 X640, BAHERIYIZ: 300 4, batch size
Hy 16, ffEH SGD fifbds, =2 F kA 0.01.
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Horh TP R BN hy IEAEA H S PR o2& IEAEA i, FP R BLB I Jy 1E A A (H S0 Bp & A A
R B, FN 3R R A5 FO St R AE 52 B IEAE A I 8. RS R AH M R 2 W ¢ R i 47k PR
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EUF SOH+BIFPN+C2{GC+CA By i FHRCHE . Ha 88 432 JF H Ry 0. 5 B iy 42 267 ¥oKS B2
o BRI 0. 5~0. 95 B A 2OP Bk . # ) SOH+BIFPN+C2{GC+CA f&# %t PCB k17
Kl i, mAP@O. 5 (HIRE T 1.5 /A, mAP@(0.5~0. 95)(HIEE T 2.1 [H4rA. m& 100, b
X5 YOLOVS BAI py R el , 228 PR W% 48 W, 78 GFLOPs f845 . SOH,BiFPN F1 CA 4§
R LI T A IR BE 1T C20GC HEHem] DL AR X 45 52 24 JE .

R1 AN EMAERIESE PCB L BRR
Table 1 Application effect of proposed improvement strategy on PCB dataset

Recall =

Precision =

fe 7 mAP@0.5/% mAP@ (0.5~0.95)/% GFLOPs
JE 45 YOLOVS 93.9 49.5 6.8
SOH+ BiFPN 94. 2 49. 8 9.4
SOH+ BiFPN+C2{GC 94. 9 50. 3 8.5
SOH+BiFPN+C2{GC+CA 95. 4 51.6 13.1

£ 25 H T YOLOvS FEGHAF1 SOH + BiIFPN + C2fGC + CA #7845 28 Bl B4 (4 K6 0KS B i
2N UL, BECAR RS A T T B S R R T el SR o R RS RS B R R [ (AT T B I R AR 4
3 b B e A RS B T B R 1T L FPS i/ s) W] LUK £ 105. 4.

g% L TR Ok 0l B R AR SR B A A 55 by s HRR R AR S B S LR RS BN R A R A, AR
SCEEH TR AT YOLOV8 Bk A Be i 5 . 12 Bl i 72 S YOLOvS 8544 a8 i/ B A5 46 I 3k




350 TR A R (B O %61

1A BiFPN 454, B3t C2{GC B, B nd & Jy B e 45 J7 =00 e B2 ol 3% 7 BE RS xh PCB iy A I &5CR.
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Table 2 Detection accuracy of each defect category before and after model improvement

#H5] AP/ %

Sl - - =

AL A T i S % E Al Gkl

Ji i YOLOVS 99.5 91.9 94.5 92.5 93.6 91.5
SOH+ BiIFPN+C2{GC+CA 99.5 89.6 96. 8 96. 8 93.5 96. 6
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