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q Solar panel defects significantly degrade energy conversion efficiency [1,2]

q It is necessary to develop a practically deployable method 
• To solve real-world problems
• To avoid blindly employing end-to-end deep learning methods
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Motivation

[1] A. Taşçıoğlu et al., “A power case study for monocrystalline and polycrystalline solar panels in Bursa city, Turkey,” International Journal of Photoenergy, 2016
[2] S. Deitsch et al., “Automatic classification of defective photovoltaic module cells in electroluminescence images,” Solar Energy, 2019
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Anomaly Detection

[3] Y. Park et al., “Neural Network Training Strategy to Enhance Anomaly Detection Performance: A Perspective on Reconstruction Loss Amplification,” arXiv, 2023
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Anomaly Detection

[3] Y. Park et al., “Neural Network Training Strategy to Enhance Anomaly Detection Performance: A Perspective on Reconstruction Loss Amplification,” arXiv, 2023
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Anomaly Detection

[3] Y. Park et al., “Neural Network Training Strategy to Enhance Anomaly Detection Performance: A Perspective on Reconstruction Loss Amplification,” arXiv, 2023
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Defect

q Unsupervised anomaly detection based on reconstruction error
+ Eases class imbalance problem
+ Training with non-defective samples only
− Deep neural networks consume lots of power
− Requires a large-scale dataset

q Defective solar panel detection
+ Class balanced dataset
+ Easy to understand without deep knowledge
− Small quantity of samples
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Solar panels [4]

[4] C. Buerhop-Lutz et al.,“A benchmark for visual identification of defective solar cells in electroluminescence imagery,” EU PVSEC, 2018
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Solar panels [4]

[4] C. Buerhop-Lutz et al.,“A benchmark for visual identification of defective solar cells in electroluminescence imagery,” EU PVSEC, 2018
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588 samples 486 samples

Balanced small dataset
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Solar panels [4]

[4] C. Buerhop-Lutz et al.,“A benchmark for visual identification of defective solar cells in electroluminescence imagery,” EU PVSEC, 2018
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Emphasizing the defect
Pre-trained AttentionOriginal Image
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Emphasizing the defect
Pre-trained AttentionOriginal Image
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Emphasizing the defect
Pre-trained AttentionOriginal Image
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Statistical feature extraction
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Statistical feature extraction



Boost-up efficiency of defective solar panel detection, IEEE TIA, 2023

17

Statistical feature extraction

Feature
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Pre-trained attention

[5] Y. LeCun, et al. “Gradient-based learning applied to document recognition.” Proceedings of the IEEE, 1998

LeCun [5]
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Pre-trained attention

[5] Y. LeCun, et al. “Gradient-based learning applied to document recognition.” Proceedings of the IEEE, 1998

LeCun [5]
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Pre-trained attention

[5] Y. LeCun, et al. “Gradient-based learning applied to document recognition.” Proceedings of the IEEE, 1998
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Pre-trained attention

[5] Y. LeCun, et al. “Gradient-based learning applied to document recognition.” Proceedings of the IEEE, 1998
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Pre-trained attention

[5] Y. LeCun, et al. “Gradient-based learning applied to document recognition.” Proceedings of the IEEE, 1998
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Pre-trained attention

[5] Y. LeCun, et al. “Gradient-based learning applied to document recognition.” Proceedings of the IEEE, 1998
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Pre-trained attention
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Pre-trained attention
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Experiments: dataset [4]

[4] C. Buerhop-Lutz et al.,“A benchmark for visual identification of defective solar cells in electroluminescence imagery,” EU PVSEC, 2018
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Experiments: dataset [4]

[4] C. Buerhop-Lutz et al.,“A benchmark for visual identification of defective solar cells in electroluminescence imagery,” EU PVSEC, 2018
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Experiments: dataset [4]

[4] C. Buerhop-Lutz et al.,“A benchmark for visual identification of defective solar cells in electroluminescence imagery,” EU PVSEC, 2018
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Experiments: models

[6] B. Li et al., “Classification and regression trees,” Biometrics, 1984
[7] T. K. Ho, “Random decision forests,” ICDAR, 1995
[8] T. Chen et al., “XGBoost: A scalable tree boosting system,” KDD, 2016
[9] G. Ke et al., “LightGBM: A highly efficient gradient boosting decision tree,” NeurIPS, 2017
[10] C. Cortes et al., “Support-vector networks,” Machine Learning, 1995
[11] M. Tan et al., “EfficientNet: Rethinking model scaling for convolutional neural networks,” ICML, 2019

Thresholding model
• Rule: thresholding of extracted feature values

Machine learning models
• Decision Tree (DT) [6]
• Random Forest (RF) [7]
• eXtreme Gradient Boosting (XGB) [8]
• Light Gradient Boosting Machine (LGBM) [9]
• Support Vector Machine (SVM) [10]

Deep learning model
• EfficientNet-B0 (EffNetB0) [11]: end-to-end SOTA classification model
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Attention on solar panels

Non-defective 1/3-level defective

2/3-level defective Absolute defective
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Attention on solar panels
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Attention on solar panels
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Attention on solar panels
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Detection performance
Average Maximum
5-fold cross validation
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Detection performance
Original image Attention map
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Detection performance
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Detection performance
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Detection performance

Decision Tree
(Simple machine learning)

EfficientNet-B0
(SOTA deep learning)

0.820 (0.951) 0.796 (0.937)Task-A

0.794 (0.891) 0.642 (0.831)Task-B

>
>

🤩 Needs large-scale dataset
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2.696×10!" sec for feature extraction
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Training and inference efficiency

Second
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2.696×10!" sec for feature extraction
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Training and inference efficiency

× 230k

Second
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2.696×10!" sec for feature extraction
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Training and inference efficiency

Second

× 3k
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Experiment on another dataset [12]

[12] J. Božič et al., “Mixed supervision for surface- defect detection: From weakly to fully supervised learning,” Computers in Industry, 2021.
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Experiment on another dataset [12]

[12] J. Božič et al., “Mixed supervision for surface- defect detection: From weakly to fully supervised learning,” Computers in Industry, 2021.
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Conclusions

q Simple yet powerful method for a real world problem
• Attention mechanism recycling with 13 statistical features
• Outperforms SOTA defect detection
• Serves the purpose of sustainable green energy

q Applicable to other visual inspections
• Surface defect detection in steel, film manufacturing, etc.
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Future works

• Analysis of attention dependency on
• Training dataset and
• Neural network structure

• Attention recycling combined anomaly detection
• Unsupervised anomaly detection
• Cost-effective training strategy


