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Research progress on defect detection of lithium battery based on machine vision

Yu Hanwen, Wu Yiquan

( College of Electronic and Information Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China)

Abstract : Lithium battery is one of the core components of new energy vehicles. But, the complex manufacturing process of lithium
battery inevitably introduces various defects, which seriously affects the quality of products. Therefore, defect detection has become an
important part of lithium battery manufacturing process. The machine vision method takes into account the advantages of accuracy and
speed, which has been paid much attention to. In this article, the research progress of defect detection methods for lithium battery based
on machine vision in recent 15 years is reviewed. Firstly, the common surface defect types of lithium battery are introduced, and the
main flow of visual defect detection is clarified. Next, the defect detection method of lithium battery based on traditional image processing
is emphasized. The four steps, including image preprocessing, image segmentation, feature extraction and classification recognition, are
explained in detail. The advantages and disadvantages of each step are compared. Then, the defect detection methods based on deep
learning are summarized according to the classification network, detection network and segmentation network. Afterwards, 10 self-built
datasets of lithium battery and performance evaluation index of defect detection are sorted out. Finally, it is pointed out that the defect
detection of lithium battery is faced with many technical challenges, and the future work is prospected.
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Table 1 Types of defects and analysis of their causes and characteristics
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Fig. 1 Flow of lithium battery defect detection based on vision
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Table 2 Comparison of the properties of different light sources
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Table 3 Definitions and characteristics of different lighting modes
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Table 4 Definition of lens parameters and considerations
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Table 5 Classification of cameras
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Table 6 Comparison of commonly used image preprocessing methods
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Table 7 Comparison of commonly used defect segmentation methods
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Table 8 Comparison of commonly used defect feature extraction methods
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Table 9 Comparison of commonly used defect classification and recognition methods
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Table 10 Comparison of deep natural network methods
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Table 11 Comparison of commonly used classification network methods
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Table 12 Comparison of commonly used detection network methods
SCHkR BTk BT Jai BR PERETE bR
B8 R R AE I 4 SR BT S B B | o mAP :80. 58%
68 %Ei Fe R-CNN %‘/E\H/\‘, YEZ AT 7\ )
O8I AR st SRR, R TR Ao PRI SHREATHIA 137

X HUME ET PR BRI BRAE R 3. 91%

69 :F Cascade R-CNN TN TR (2 :
[69] JET Cascade HEBR /MR IE | PR B A R B AR W% 6. 21%
Al i — SR R GE SR mAP :94%
79 YOLOv3 f) FH K-means &7, RS HE
[79] T FIH ns Bk FHT R IGAE [ £P8.25
80] o3 FIH K-means B35 T 5T B CRAE , B0 T M4, BRI IRE IR P54 7%
olovo-X m H . o
Y B Hor i e e 1
AT Ak R 2 G 16 5K mAP:92%
oncateAne! % %/ 2 Z /E{i
81 ConeateXnet TSGR R I SER FPS.26
ST R4, A ECSA TR IR, J mAP:93.25%
82] YOLOW-MER FIFH K-means-++ 551 57 5 24 o B e it — R FPS.:54. 67
53] T YOLOW il 2 S BURE L GG, il AGE B EE L, B mAP :93. 64%
‘ ) TE4S S RIS SFAE 01U 5P 2 Z6 PR TR FPS 29
A SE {1 IBLE A ASPP 45H i1 —Fh £ R BB 354511 ~ ) mAP:95. 12%
84 Attin-YOLOv4 NI .
s A S R Komeans+ HETRRZ A RAE 3 ABHOB s o O THERTE e o1
mAP .91, 2%
[85] YOLOv5-CE SIABBUEE S il EloU /45 2k %k - FPS.27
mAP . 88. 93%
[86] YOLOv5-CC Bl AARAR T B PR e CA L CloU 5 45 2k i - S
$EH SimSPPF S5, fix A E R ALK ] mAP . 88. 3%
87 Sim-YOLOv5s _ - ) TR E AL
87 " {6 PR 1L RS T, ST 5 o A A R FPS.71
58] T YOLOVS BB B, i SPPSE #i, 5] A RepVGG itk ~ mAP :97%
- o fifi FH SToU A 945 4k R FPS.270
mAP :96. 4%
[89] T YOLOvT 51 C3SE #idle SR BiFPN 2548 , oot T SRR b PR 26 52 4 S 0ok FPS. 158 g
[90]  AIA DETR 76 Transformer T3S A4 T AIA Hisk RN mAP:SL 9%
Params:45 M

SEHE B T B R RRAE Rl A AL SFPN I ACTE 19 25 11 Bk Bk
Bz b JT s PR 21 ok U Ak 45 2% oR B, 1% 5 vk T 1
B R R 58 B TR A e R T R A AR R R 43 I
D AE S 35 22 3 L B R B2 36 mT DLk — 2 iy 4 o,
BR[98 142 H 7 —Fh B T XGE 3E 2hifE U-Net 53 %1 00 255 1Y)
BRI 75 5, G Ao X A A P 5 0 52 W % 2 il 1 3 T
SEERAR AR 2] | LD IA XoF 9 £ 235 F 40 % pR B4 7
Tl AT TR o BIROCR . SCHR[ 99 ] $2h 1T—Ff
FH T8 F it 3 T 0 o A 00 108 2R AR 2 o 7k S R D
PRGOS B2 4 R AR S, 38— Fh BT 19 Copy-
Paste PR PORY FTEIEE , LIS ML U-Net Hy

IR 325 A 43 ARG A A8 e i) o M R T AT
SCHR[ 100 [ 4 7 —Fh B T 24T 55 B2 2% S B A i Bl el
BRI FE A A AL U-Net 1A RE5# , ResNet 4
Rt g 1T 2% i th i 2 A R o DX SRS I AT 55 I 5
R G AT 55 W0 2% | o — 3 S R 23X 3 T 55 A
KR AT T RAFIRBOR ARG T REA R N Y
[, SCik[ 101 ] A DeepLabV3 4% Sk Fefih | 38 14 5] A
BB R THLHIEE T 26 (R R IE IR RE T, SRR 45 R R
WA e Bk B G T A G B R S B T B
HPRE B 7 AR TP S G RS REUR I E R &
I R/ INGRBE B0 3 B RSCR AT REANEE



14 f# £ ¥

a5k

gi b IR A 3 AR IR BRIE BARSME A4 AT
B FRRAR U A 0 w8, WF 5T TTAT X 1 ) Al s 2 1

T AL Mgty SRR R 1 58 S5 A e I i | BLARST LE
BUnE 13 s,

R13 ERMSRIMETTEI L

Table 13 Comparison of commonly used segmentation network methods
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Table 14 Self-built surface defect data sets for lithium battery
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Table 16 Evaluation index of image classification
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Table 17 Evaluation index of image segmentation
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