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Research progress on defect detection methods for electrode
surface of lithium-ion battery

Li Bowen', Yang Xulai'*,Ge Xiaojin',Zhou Fan',Li Duyang'

(1. LIB Technology Center of Anhui Province, Hefei University, Hefei 230601, China;
2. NETC Innovation Center, Hefei 230031, China)

Abstract ; Electrodes are critical components of lithium-ion batteries, and during manufacturing processes like coating and rolling, their
surfaces are susceptible to defects such as scratches and foil exposure. These defects can significantly impact the quality and service life
of the batteries. Consequently, defect detection and control procedures for battery electrodes are essential steps in lithium-ion battery
production. This article begins by outlining the production process of lithium-ion battery electrodes and analyzing the potential causes and
types of surface defects that can occur during manufacturing. Next, it discusses the use of machine vision for surface defect
identification, replacing manual labor with automated detection. The article reviews the principles, advantages, and limitations of
traditional machine vision defect detection methods. It then delves into the application of deep learning for electrode surface defect
detection, focusing on the principles and procedures involved. Particular attention is given to comparing one-stage and two-stage
algorithms in target detection for lithium-ion battery electrode defect detection. Finally, the article predicts future developments in
machine vision detection methods based on deep learning for surface defect detection of lithium-ion battery electrodes, offering valuable
insights for researchers in this field. The advancement of electrode surface defect detection technology depends not only on hardware
innovations, such as industrial cameras, but also on continuous optimization and innovation of software algorithms. The synergy between
software and hardware can enhance detection accuracy, improve efficiency, reduce costs, and drive the lithium-ion battery production
industry toward high—quality development.
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Fig. 1 Manufacturing equipment for lithium-ion
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Fig.2  Coating process of lithium-ion battery electrodes
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Table 2 Common light source and its characteristics in the process of electrode surface defect detection
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Table 3 Lighting mode and characteristics of electrode surface detection process
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Fig. 4 Surface defect detection process of lithium-ion

battery electrode based on traditional machine vision
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Table 4 Advantages and disadvantages of common image preprocessing algorithms
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RHATR I, SERR A5 SR KW Canny B8 WA IUKS 2
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Table 5 Application of traditional machine vision in the surface defect detection of lithium-ion battery electrode
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Fig.5 Two neighborhood modes of seed P in the
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Fig. 6  Results of defect profile annotation
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Fig.7 Surface defect detection process of lithium-ion battery electrode based on deep learning
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Fig. 8 Network structure of CNN
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(region convolutional neural networks, R-CNN) P X 15,
B 2 W 4% (fast region convolutional neural networks,
Fast R-CNN) #8178 14 A i 78 DX SR A 1 I fd o+
2016 4F REN %™ $2 HH T Faster R-CNN $3, 1% 5 05 5t
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R ) R B A v
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®1 9 Faster R-CNN [ 4% 45 #4)
Fig. 9 Network structure of Faster R-CNN
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MEMB AR S AT AL, H i 1 X0 22 ROERHIE 42 HRE T,
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Fig. 10 Common defects in solar cells
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Fig. 11 Timeline of YOLO algorithms
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Fig. 12 Network structure of YOLOv1
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R E I IS 2B RGS A FFHENL G, [ 1 BN
JE ISy ki 5, BT YOLOVL, B HAT B4
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/N AR RN ROCR AN SRAR AT T8 T ol sk B
RS
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spatial pyramid pooling, ASPP) i 77 15 X YOLOv4 4724
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WS T B h R I 25 S fH YOLOV3 A AL 157 35 51
T 119. 83 GB,YOLOv4 HUZ 51k 193. 89 GB, WL e K Y
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ZAE S PR

N TR LA ) R 2 YOLOVS #E R AH 4%
PEH TR S K R AR ) (AR R /N R G D RS
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(a) YOLOVS MR HEZE
(a) The overall framework of YOLOVS

13 YOLOvVS %454
Fig. 13 Network structure of YOLOvS
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Table 6 Application of YOLO algorithm in the surface defect detection of lithium-ion battery electrode

R SCik otk PR Y
YOLOVS [113] AE T RN R 2% CloU 15k pR B2 45t H bk mAP {EIEF] 98. 65% , K6l 3 i 35 5
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