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Abstract: With the widespread application of electronic devices, printed circuit boards (PCB) hold significant impor-
tance in the electronics manufacturing industry. However, due to imperfections in the manufacturing process and interfer-
ence from environmental factors, tiny defects may in PCB. Therefore, the development of efficient and accurate defect de-
tection algorithms is crucial in ensuring product quality. To address the challenge of detecting tiny defects on PCB, this pa-
per proposes a high-precision PCB tiny defect detection algorithm based on multi-dimensional attention mechanism. To re-
duce model parameters and computational complexity, partial convolution (PConv) is introduced, and the ELAN module is
redesigned as the more efficient P-ELAN. Additionally, to enhance the network’s feature extraction capability for tiny de-
fects, the omni-dimensional dynamic convolution (ODConv) based on the multi-dimensional attention mechanism
(MDAM) is introduced. By combining partial convolution, the POD-CSP (Partial ODConv-Cross Stage Partial) and POD-
MP (Partial ODConv-Max Pooling) cross-stage partial network modules are designed, along with the OD-Neck structure. Fi-
nally, based on YOLOV7, a more efficient YOLO-POD model for small object detection is proposed, and the network is op-
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timized during the training phase using a novel loss function called Alpha-SIoU. Experimental results demonstrate that YO-
LO-POD achieves a detection precision of 98.31% and recall rate of 97.09%, exhibiting substantial advantages across multi-
ple metrics. Notably, it achieves a 28% improvement over the original YOLOvV7 model, as to more stringent mAP75 metric.

These results validate the high accuracy and robustness of YOLO-POD in PCB defect detection, fulfilling the requirements

for high-precision detection and providing an effective detection solution for the PCB manufacturing industry.

Key words: PCB; tiny-defect detection; partial odconv-cross stage partial; partial odconv-max pooling; omni-dimen-

sional dynamic convolution; multi-dimensional attention mechanism
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1 x x x x 0.464 0.950 0.348 0.935 98.01 89.63
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3 x N x x 85.071 33.169 25
4 x x N x 89.975 30.467 29
5 N N x x 58.408 28.625 33
6 N N v x 41.721 21.026 35
7 v J v v 41.721 21.026 35
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1R FAH A1 68 1 25 R a8k 4 4, B8 A% 4 A ETHROKR
/NEE R 640%640. AL TE PCB BRI ) 450
WrAadn fXF LESE B 25 B AN 6 Firi

Ro6 TREEEHMEREXTLL

Ik mAP50:95 mAP50 mAP75 F, Pl% RI1% FLOPs/G Params/M
SSD 0.460 0.945 0.344 0.840 98.70 74.32 61.254 24.280
CenterNet 0.450 0.930 0.336 0.892 97.93 82.24 70.217 32.665
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M1 9 AT LAFE M A SRt AT IR AT X PCB/S2EER T 0, X T i | SR BRI R iR G R i o 1 42 A

BEa PO TR AGE AR AR AT — 5 (9 ARG, JHG PP T3 AL Bk iR A

e B8t i 4 @ 1 PCB ol B 4G 0 v Xof 7 A6



2526 H, ¥

EE 2024 4

HBE H AR B BOR A B A HERG B, BB T 4 M S . PCB
il B 18 B0/ VPR RIS B T 1 B 1 BT 4 0 1 O ik
AR THE .

ZR L TR AR SCHR A SR R R I ) 8 AT T
Y HGH |, 7E PCB {0/ NSRS 4G I 5 T8 1) 25 000 Adi 48 b
AR OL R, SRS T R A R ME SR A
FREUAS T AP 25 5 . PR, AR S 3k A VR E R R
FHTT 5, AT 2k PCB il 385 47 Ml B2 (A — b w3 25 v o 1) 5k B
ORI T
4.6 BEEREAR/NEREEENERES T

HHAE YOLO-POD TEAN ]/ B AR K ds £ b it 4
R B4 BIAE VisDrone2019 TinyPerson BAREE
XA AL (P RE R AT T SE 58 . VisDrone2019 2 i JE AL
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