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Defect Detection of Photovoltaic Panel Based on Multisource Image Fusion

YAN Hao, DAI Jiajia, GONG Xiaoxi, WU Yuxiang, WANG Jun
(College of Mechanical & Electrical Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210006, China)

Abstract: This study proposed a multisource fusion network (MF-Net) that combines visible and infrared
images for the inspection of a photovoltaic panel to achieve photovoltaic panel defect detection, defect clas-
sification, and localization. The limitations of the traditional methods include low efficiency, low accuracy,
and high cost. In this study, a defect detection network was designed based on the backbone of YOLOv3-tiny.
Deep layers are added to the network, constituting a dense block structure to augment semantic information
on fused feature maps. The detection scale of the network was extended to improve its applicability at different
scales. In addition, an adaptive weight fusion strategy was proposed to achieve feature map fusion, where the
fusion coefficients can be allocated according to the pixel neighborhood information. Compared with the
backbone, the results show that the mAP of our network improved by 7.41%. The performance improves (by
approximately 2.14% mAP) when the weighted fusion strategy is replaced with ours, and the significance of
the features can be effectively improved. Relative to other networks, the proposed network that takes the fused
images as the input has the highest performance in terms of the F1 score (F1=0.86).
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Table 1 Comparison parameters of network model before and
after improvement

Model size/Mb  FLOPS/Gb

Network model

YOLOvV3 245.3 63.20
YOLOV3 tiny 334 5.56
MF-Net 35.6 6.02
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(a) Obtained visible light images
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(b) Obtained infrared light images
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(c) Registered visible light image
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Fig.7 Image acquisition and registration
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Table 2 Distributions of our dataset
Number of images/pairs Crazing Shadow Covering Bubble Internal
Filtered images 659 103 398 367 96 403
Enhanced images 1000 544 552 534 537 565
Training set 700 366 363 349 356 371
Validation set 100 60 63 61 59 64
Test set 200 118 126 124 122 130
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Table 3 Network training parameters

Parameter Value Parameter ~ Value
Input size 416x416  Epoch 200
Batch size 2 Momentum 0.9
Learning rate  0.0005 Confidence  0.65
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Table 4 Results of ablation experiences

S/N  Replace Conv. Three scale detection Dense Block mAP FPS
1 75.93% 11.23
2 v 82.02%(+6.09%)  8.13(-3.10)
3 v 76.21%(+0.28%)  9.43(-1.80)
4 v 80.96%(+5.03%)  11.36(+0.13)
5 v v v 83.34%(+7.41%)  7.41(-3.82)

RS AFMHELR LA

Table 5 Comparative evaluation of different networks

S/N  Model Input Correct detection  Correct classification FPS F1 score
1 Improved YOLOV3 tiny Visible image 320 297 12.61 0.53
2 Improved YOLOV3 tiny Infrared image 497 103 12.63 0.17
3 MF-Net and channel addition strategy =~ Multi-source image 553 516 7.41 0.82
4 SSD Multi-source image 512 446 1.31 0.72
5 Ours Multi-source image 559 538 7.39  0.86
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