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Image calibration and surface defect detection of solar photovoltaic cells

Zhu Dong Hu Weixiao

(College of Microelectronics and Control Engineering, Changzhou University,Changzhou 213159, China)

Zhao Teng

Abstract: Aiming at image perspective distortion and surface defect detection of solar photovoltaic cells, a method
based on a virtual camera for perspective correction and an improved YOLOv5s neural network model for defect
detection are proposed. Firstly, a virtual camera with a horizontal orientation is constructed based on camera extrinsics
to establish a perspective mapping relationship between the original image and the virtual camera, by which perspective
correction of the original image is achieved. Secondly. a dynamic head is employed to enhance the representation
capacity of the YOLOv5s head., and a receptive field expansion (RFI) module is added into the bottleneck of the C3
module to enhance the receptive field for small targets. Finally. the localization loss of YOLOv5s is fused with the
normalized weighted distance (NWD) loss to compensate for the positional deviation of small targets. Experimental
results demonstrate that the perspective correction based on the virtual camera can achieve significant improvements in
correction effectiveness with shorter runtime. Moreover, the average accuracy of the improved YOLOv5s model can be
increased up to 6. 1%, 27.7%, and 1. 1% than YOLOv5s, YOLOv7, and YOLOvVS respectively, which exhibits the
practical value in surface quality inspection of solar photovoltaic cells.

Keywords: solar photovoltaic cell; perspective correction;virtual camera; YOLOv5s;defect detection
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YOLOv5s B AIA F F YOLOvVSs, #E i 3R . H 7l & . mAP REL R % % % M G
Sl T 8.9%.10.1%.6. 1%, YOLOv5s 73.6  75.0 80.4 7.02  15.8
5) 5 —fh TR 285 i 30 I S YOLOv7? 51.0 70.7 58.8 37.22 105.2
AT 2T ToU 1 s A E 508 8 45 B #E Wise- YOLOvS 82.7 80.3 85.4 11.13  28.4
LoU(WIoU) 2k M 4 & 19 Bt it . WIoU 7] DL & i F 3538 FasterRCNN  75.0  71.2 77.4 138.2 33.2
JoT 5 R e AR IR e O A A Y e A T kD TR BT YOLOX-S 73.4  79.7 79.7 43.85 19.3
FEG ™= A2 A A F B B . (B AE B/ P AR 9 A T 7 T, WIoU M YOLOvSs 85.5  85.1  86.5 7.32  16.5

WA BB IR RBOR . FILA SO YOLOVSs IR ToU
WA RECS T — b R B A B NWD 2R 47/t & 8T —
TE I L B 56 R R 3 = /0y B SRR R Y BE . A R
K3 3T R, R, B E mAP 5l & T
7.8%.8.0% 4. 7%,

R3I BEEHRALLH

VHE Tif % K mAP
CloU NWD (Eﬁi}:/ # a}:/ y / Epochs
1 0 76.5 82.3 82.6 100
0 1 81.0 79.6 84.0 100
0.5 0.5 81.4 83.0 85.1 100
0.4 0.6 80. 6 82. 4 85.0 100
0.6 0.4 80. 3 82.8 84.5 100

3.3 >tk

R T a2 5 TR A (A I R 7 ORI 2R OT B D
BEBAZE BEEMFEMEL T, H5% 5 YOLOvSs,
YOLOv7, YOLOvS # 17 X%f th, ¥ % 5 Faster-RCNN,
YOLOX-S 58 s 47 %5 b, e & 85 R ANk 4 s .

2 4 AT H, B %5 YOLOvVSs, YOLOv7, YOLOVS
AL, BHE ) YOLOvSs I HER R 0 98 T 11. 9%
34.5%.2. 8% , A M4 4= T 10.1%.14. 706 . 4. 8% »
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mAP 942 T 6.1%.27.7% . 1. 1%, R J§ 5 Faster-
RCNN.YOLOX-S 6 AL 8 3547 X b, B0 J5 00 A5 78 o 1
TR E 10.5%.12. 1%, F F R 50 15 13.9%.
5.4% ,mAP 3 AR E 9. 1% .6. 8% . A Sk g Ay AL,
25 YOLOvV? Fl YOLOvS # b2 BUR 3 53 JH 48 K iR~
BT AR KRB W 2 A= mER, RS
YOLOvSs H L 77 W (5 18 i 488 78 2 %4 it F0 i 58 1 B9 1 73
T BT LA R IR B4 o ke s B A5 WA B L B S5 5 Faster-RCNN,
YOLOX-S H It S AT R T R, @Ed50 -
BTN E , 7540 U PH Bt S 4 A5 78 %o K BH B PR il R 3% T Bk
I K8 DU 1 2 i B R
4

4 it

ARSCHR T — 3 T R SO BIL Y TR 5 AL IE AT B
P YOLOvSs 528, %t K BH AE L it A 9F 47 BAR AR IE ik
ThT R B AGE T PR3 ARG I e — ol Sk PRl A7 L AR A
B FE AR 26 TH R 58 A R PR 2O B, AR SR Bk
TF 5 28 AR AR R A AL 2 i H il e 7 o B R A8 98 0 % )
R ADUAR AL, AT S 7 5 1] 3] R 400 AR AL T R 00 PR 1 3 R
S I ATl v BAS, DA 52 30K BH R H dth 5 ) B
BB IE . R BGHE Y YOLOvSs A8 8158 1+ 7% hn 2 75 3k
#B dyhead ., B3z B 19 55 e RFI.NWD Loss i 2% pi % . SE

4



A F. RMEw ks BRAREL K @A

i 8 1

TR AR R TR R A R A i IO /N BB B 1
R BE b T A R s S5 L R/ T O B XU .l
HE T HE AUAR ML A9 378 L AL IE Ak E Y OLOvSs BE80, K BH fiE
FL T 1 PR IE R 2 5 120 ms, RS IE AR B H 4K 9
ARG IE IR J5 3 A8 4 TR 82 TE I P 45 o A 1 40 2k
IAE LT A G s B 2 R0 T 58 155 00 T, KB B v v
2% T e o RGN - 457K JBE B i 6. 100, X K BH A WL M 7R
Tl AR 7 g S R A B
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