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PCB Defect Detection Based on PA-YOLO v5

CHEN Jinni, BAI Xiaohua, LI Yunhong, TIAN Gufeng
(School of Electronics and Information, Xi’an Polytechnic University, Xi’an 710048, China)

Abstract: The bare complex layout of PCBs cause low contrast, uneven brightness, small defect positions,
and irregular shapes in detected images, resulting in a large number of parameters, overfitting, and loss of
feature information with increasing network depth. In this study, a PCB detection model PA-YOLO v5 based
on YOLO v5 and mixed attention mechanism fusion with higher accuracy is proposed to suppress interference
from general features and ensure that the network pays more attention to the detailed features of defect targets
during feature extraction. The adaptive bidirectional feature pyramid network(BiFPN) is taken as reference to
fully utilize the different scales of each feature map, thereby assigning different weights to different detection
targets, to improve the network's ability to express various features. Finally, the FReL U activation function is
used to expand the ReL U space into a 2D activation function, which enhances the receptive field's ability to
capture details and improves model robustness and generalization. Six types of defects were tested using the
DeepPCB dataset, and the experimental results showed that the proposed PA-YOLO v5 detection model
achieved an accuracy of 99.4%. The effectiveness of the model was verified through ablation and comparative
experiments.
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W JE 1R BiFPN XU R INBURFAE & 55 4%, 5 T
RIZESUE R, AN B FR 40 5 R E 5 i B
5, ALK IR A w R, A RO S TR,
T T 3 7 0% R B, FReLU B0% B8 K& sz
B, TR IRS B 3 B B . 25 b, JEIY
Rl S IGUE A BT DL AR SCI % T YOLO vS 2%
7E PCB SRBAART AT 55 H B il v se A BT 7t

A EE S5 3 Faster-RCNN R4, SSD
K& K YOLO [A] 241 M 2% YOLO v3 % 2% 34785 1) Al
AT LEI s X TAFERE AR AN 2R B AR AP DA
JEEARIY mAP A1 F1 IX 3 ANEAR IR LS 35 ) W3k
2~3,

R 1 THRLSIGNS g
Table 1 Comparison results of ablation experiments
Model Recall Precision mAP
YOLO v5s 0.971 0.951 0.977
YOLO-CBAM 0.986 0.973 0.989
YOLO-BiFPN 0.987 0.964 0.986
YOLO-FReLU 0.982 0.974 0.990
PA-YOLO v5 0.993 0.979 0.994
£2 HAKHERR AP PR H AR
Table 2 Comparison results of AP tests for each class target (%)
Model Pin hole Mouse bite Open circuit  Spurious copper Spur  Short circuit
Faster RCNN 76.6 72.4 84.6 77.2 70.9 74.9
SSD 90.8 85.8 86.3 843 82.7 78.4
YOLO v3 96.4 98.7 92.4 90.3 90.2 97.6
PA-YOLO v5 99.5 99.4 99.4 99.4 99.2 99.3

#3 mAP K& Fl s R
Table 3 mAP and F1 test results

Model mAP(%) F1
Faster RCNN 772 0.58
SSD 78.9 0.62
YOLOV3 953 0.89
PA-YOLO v5 99.4 0.99

& 27, Faster RCNN YE N BUAEAT B BUt:
MR, FEHENLE L H] f X R AR B BEAT e I, T
BT & b H AR AT BLa i), ElT PCB R
SRk, BRI FARANIE R H AR T I X I8 R B,
FSHETT AR O ik b H AR T RE S A IR X3, &
BU AT X SR 5 A SRR - {5 SSD 2% J
T B 2%, RN AN SRR AR, B DU

SCH K
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