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Surface defect detection of solar cells based on SimAM-Ada YOLOvS

Zhang Meng  Yin Liju Zhou Hui
(School of Electrical and Electronic Engincering, Shandong University of Technology,Zibo 255000, China)

Zou Guofeng  Qin Yiming Li Mingyu

Abstract: In view of the complex background of solar cell image, changeable defect morphology and large scale
difference, a method of solar cell defect detection based on SimAM-Ada Pool YOLOV5 algorithm was proposed. First,
deformable convolution is incorporated into the CBIL. module to achieve adaptive learning of feature scales and perceptual
field sizes; then, Ada Pool is incorporated into the SPP module to increase the degree of defect information retention;
finally, the feature extraction capability of the model is further improved by introducing the SimAM attention
mechanism. To further optimize and improve the YOLOv5 algorithm, the Mosaic and MixUp fusion data
enhancement, K-means—+ + clustering anchor box algorithm. CIOU loss function, and Hard-Swish activation function
are used to enhance the performance of the improved model. The experimental results show that the improved
YOLOVS5 algorithm achieves 89.86% detection mAP on the solar cell electroluminescence image dataset, which is
8.07% higher than the mAP ol the original algorithm, with a speed of 37. 92 [ps, and can complete the solar cell delect
detection task more accurately while meeting the real-time requirements,
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L IS R Windows 10 #:/E & %4, i /| NVIDIA
GeForce RTX 3070 Laptop GPU 8GB & £i#f7i8% ,CPU
Bt & f Intel (R) Core (TM) i7-11800 H@ 2. 30 GHz,
CUDNN jE7 % 11. 0, Pytorch ii4~~ 1. 7. 1, python i &
WHE R 3.6.0,

TER ALY Zirh i3 Adma optimizer {4k &% X 2 Hk
VAR, B8 H AR 2S5 A5 B BIE R 0.5, W1 th % ) £ h
0. 01,3 E A 0. 937, 2R IR 5K 5% 2 38 9, A 32 08 R
BeE N 0.000 5, B7 (Eid l& BG4 . BL4h, batch_size
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2R SO A A PH A8 L b EL B 5 08 48 R AT I kL i B
PEAE AL 2 534 BREG, B4 K/ A 300 X300, FEIZREd
T MO+ 1Y LA 7 b B SR AL 73 A0 2 2 281 Sk Ay
BV R R 253 5K 18 R a9 Ml 4 . R A 12 3K Label
Img T 508 4R B P A2 B 285 17 b5 1, H5 A8 crack (%
2 Minger (Witlh) . black (SZ.00 )3 MhridZEH). ZE4Rid
R K K B AR fth EL ER A 0y B AT fE L R L
TEHE AT LS 0 Bk B A4 B B A28 ). 1 R L PASCAL
VOC #s2R—AE R XML
3.2 HEEiFEmEER

¥ A Bl & (recall, R) - ¥ K5 & (average precision,
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HATE WAL . EIRIEAEIRAR I AT R

~

1
AP :J PdR (19)
0
N
DIAP,
i1
mAP = N 20)
TP
Recall m (21)
L TP
Precision = TP L FP (22)

TP(true positive) 3 7~ fift & &l 15 9k Aar M 4 6k B 19 1
0, TN (true negatives) 7~ JG i B 508 4G I H i i 19 1
#, FN(false negatives) 7R JC Bt F BIZR B 4 0 H TG BR B4
B4, FP (false positive) 2 7 {5 B AR 45 A5 M H TG Bk Bg
g, AP 24 P-R M4 B, mAP JE 38 o 5.0 8
WA i 2L 3 T i B Y P 2R B SR 4 (E AT B A0, A I o Bk
WA ZEAE0 N =3, H mAP A 8, 3 7 6045 5L %] 5k
I FH 6 00 2550 S A A o TR SR B A
3.3 ERERESH

1) SERiASE 78 P 58 X% e 4By

AT R BLPR ST R (0% R BE A 58 B X K PH A A B
W mAP (RS20 . FEB R BB o 5l 8 15 00T AL 45
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YOLOv5L, YOLOvSx PO fp A [6) 51 5 B4 AR 30 47 )0 45, 4 7Y
M IR FEAR N 3 FiaR

R3I AMBRBERSH

S W ik mAP/ %
YOLOv5s 0.33 0.50 81.79
YOLOvSm 0. 67 0.75 82. 64
YOLOvS! 1. 00 1. 00 82. 33
YOLOv5x 1.33 1.25 80. 92

T EE LR YOLOvSm 1 YOLOVS! [ M 3k SR 4
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G T R DL R K R R R, IR AT B
YOLOv5s VE K RLmt 46 M A 7Y

2) H B S WL X A AT

Bl 8 Frm R A TE) & WLl A YOLOvSs K il 45 7
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