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A Multi-Scale YOLOv8-MNS Algorithm for Photovoltaic Panel Defect Detection

ZHU Chengjie, LIU Lele, ZHU Hongbo

School of Electrical and Information Engineering, Anhui University of Science and Technology, Huainan 232001, Anhui,
China

Abstract: Objective An improved YOLOvS algorithm for photovoltaic panel defect detection is proposed to address the
problems of low detection accuracy, high computational cost, and a large number of parameters in existing photovoltaic
panel defect detection algorithms. Methods First, the improved C2{-MS module was used to replace a part of the original
C2f structure in the model. This not only reduced the computational cost and the number of parameters of the model but
also enhanced the extraction and fusion capabilities of multi-scale features. Second, the normalized Gaussian Wasserstein
distance (NWD) was added to the original CloU to improve the detection performance for small targets, making the
model” s detection ability for various targets more balanced. Finally, Soft-NMS was used to replace NMS, which changed
the way the original model processed prediction boxes, solved the problem of multiple detection boxes for a single target,
and further improved the detection results. Results Experimental results showed that the improved YOLOv8 model
reduced the number of parameters by 9. 57% and the computational cost by 6. 1%. Meanwhile, the mAP@ 50 increased
from 87% to 89. 5% (an increase of 2. 5%), and the mAP@ [0.5 : 0.95] increased from 45. 7% to 49. 8% (an increase
of 4.1%). Conclusion The improved model shows a certain improvement in detection accuracy while reducing the number

of parameters and computational cost, which has a certain reference value for practical applications.
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Fig.1 Structure of the improved YOLOV8 model
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1,3 0. 886 0. 458 0. 857 0. 443 0. 853 0.432
1,5 0. 881 0. 454 0. 87 0. 443 0. 88 0. 443
1,7 0. 882 0. 447 0.872 0. 447 0. 861 0. 435
3,5 0. 887 0. 453 0. 882 0. 454 0. 871 0. 452
3,7 0. 866 0. 446 0. 871 0. 446 0. 87 0. 445
5,7 0. 882 0. 448 0. 868 0. 447 0. 882 0. 459
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Table 2 Ablation study results

C2f{-MS NWD Soft—NMS Parameters/ 10° GFLOPs mAP@ 50/ % mAP@[0.5:0.95]/% FPS
X X X 3 8.2 87 45.7 76. 34
v X X 2.7 7.7 88.7 45.3 66. 67
X v X 3 8.2 88 45.5 76. 34
X X v 3 8.2 88.8 49.2 67.11
X 2.7 7.7 89 46.1 64.94
v v v 2.7 7.7 89.5 49.8 59. 88

FeAEHudl http . //journal. ctbu. edu. en/zr/ch/index. aspx



40 ERIMAFFMOEARER)

%43 %

H 3R 2 AT LA Y 2EAE S — A etk A s i, 3
AU THE AL A mAP @ 50, P35 4 A0 1 B (R g, (H
SR C2f-MS HI NWD AU, mAP@ 50 133 T
$TF fHE mAP@ [ 0.5 : 0.95 | AR T I, Baphfdi
FH Soft—=NMS B, A% F 55 #F B A~ e ik, e mAP@ 50 Al
mAP@ [0.5 : 0.95] 2 F+ & K, 7 5 #£ T+ 1. 8% A
3.5% , I Soft—NMS ] LU id FEAR A e AE 22 18] 1Y
A R /D E B A I 5 SR, T D H A R AR
0T B R AIRKS . 3 A A AR AR B RS Bk, A
e T IR e I AR R SRR R T 9. 57 %,
HEERFKT 6. 1% fES 8 m AT AEH T FEATEN
T mAP@50 Ft 2. 5% , WFE AR 87%iKE] T 89.5%;
mAP@ [ 0.5 : 0.95] BTt 4. 1%, W SR HY 45. 7% ik 3|
T 49.8% ., Zi L frik, st 5 A RUR AL AE S 80
TR b LU R AR T A HAG DG B2 Al L SR A A B ey
MO R B R RLAE SO ZE R R T R AR R e
2.5 XFEESE RS IEOR

R 53BN [R] T 9 7 AR R BH i Al kB
R - A R B, R AR SCHEEE R SCER [ 6], YOLOV3
YOLOvV5 \YOLOv7 7E &% I3 . mAP X JLA 4845
AT IR T, SEER AR ANER 3 R

£3 Xftbsw

Table 3 Comparison of different models
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Fig. 7 Detection results before and after improvement
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