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Class-incremental printed circuit board defect detection
method based on YOLOX

WU Ruilin', GE Quanbo', LIU Huaping2

(1. School of Automation, Nanjing University of Information Science and Technology, Nanjing 210044, China; 2. Department of
Computer Science and Technology, Tsinghua University, Beijing 100084, China)

Abstract: To cope with more practical incremental printed circuit board detection scenarios, by combining the know-
ledge distillation with the YOLOX, this paper proposes a class-incremental Printed Circuit Board defect detection meth-
od based on YOLOX. The model can detect all learned defect types when only new training data is used. The transfer of
knowledge about old defect categories is facilitated by using knowledge distillation for the model's output features and
intermediate features, enabling the student model to effectively retain the detection performance of the teacher model on
old defect categories. The experimental results show that the method in this paper can significantly alleviate the cata-
strophic forgetting problem during the incremental learning process. Under the two-stage incremental scenario, the mod-
el has a mean average precision of 88.5% for all defects, a parameter size of 25.3 M, and an inspection speed of 39.8 f/s,
which facilitates the deployment of industrial equipment and at the same time, it can satisfy the detection accuracy of

printed circuit board (PCB) quality inspection and the inspection speed requirement in incremental detection scenarios.
Keywords: deep learning; printed circuit board; class-incremental; incremental learning; defect detection; object detec-

tion; dynamic detection; knowledge distillation; catastrophic forgetting
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Table 2 Detection results under the one-stage incremental
scenario

st i mAP/%
A RE 7S 96.1
A 71.4
PNN 73.1
LWF 80.8
2%+ 4% POD 75.0
RILOD 88.4
iCaRL 94.8
KI5k 94.2
A 50.8
PNN 55.7
LWF 69.6
343K POD 67.9
RILOD 87.0
iCaRL 91.4
KI5k 92.2
i 39.4
PNN 41.1
LWF 59.6
Ve SIS POD 50.7
RILOD 81.3
iCaRL 88.0
BN RS 89.8
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Table 3 Detection results under the two-stage incremental

scenario %
ViRiS =] MrEL2 B B3 5
o 96.4 61.1 44.6 96.1
PNN 96.4 64.3 45.9 96.1
LWF 96.4 73.8 54.4 96.1
POD 96.4 68.8 46.0 96.1
RILOD 96.4 90.5 79.6 96.1
iCaRL 96.4 94.0 86.3 96.1
ARSIk 96.4 94.9 88.5 96.1
100
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Fig.5 Detection result curve under the two-stage incre-
mental scenario
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Fig. 6 Visual inspection results for old PCB defect categor-
ies
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Fig. 7 Storage space used by different methods
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Table 4 Ablation experiments of distillation loss with dif-

ferent characteristics

' Cls Obj Reg Feat mAP/%
1 Y — — 55.5
2 Y \ — 74.3
3 Y — v — 71.4
4 V \ \ 85.7
5 y \ v 3 89.8
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Fig. 8 Visualization results of ablation experiments
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Table S Analysis of results for different weight parameters

i 5 A4 75) IHBRFE/ % R/ % JIT A B /%
1 0.5 0.5 79.2 96.0 84.8
2 0.5 1.0 82.1 95.1 86.3
3 1.0 0.5 85.3 943 88.3
4 1.0 1.0 88.0 933 89.8
5 2.0 0.5 89.2 88.6 88.9
6 2.0 1.0 90.0 87.4 88.9
7 2.0 2.0 91.7 82.6 88.4
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Table 6 Detection performance of different models under
normal training of six defect classes

fopon AP/ ZHU KINEA R/
% M (f7s) ms
Faster-RCNN  93.5 41.5 12.5 80.0
RetinaNet 91.7 34.5 25.7 38.9
YOLOX 96.1 25.3 39.8 25.1

M 6 HEHE T LUE i, YOLOX 7E4i A /D
SRR G LT BAA s iR IR B2, O B R
R LI AT 5y A 2 AR AL AL, R, SRR
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H AR BT, ey i g ek L8P UK A
R £ S5 IR 1 v e A 3] = 2 ST Hp AR SC
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