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Detection and Disaster Risk Evaluation of Solar Photovoltaic Cells in Satellite Remote Sensing Data

Shoki SHIMADA *!T and Wataru TAKEUCHI*!

Abstract

Due to the strong demand for renewable energy resources, the number of newly built photovoltaic cells has increased
dramatically. However, these photovoltaic cells are sometimes subject to disasters such as floods and mudflow. To keep
such facilities safe from disasters, a method that can monitor the locations and extent of photovoltaic cells in hazardous
zones in cost-effective and less time-consuming ways is necessary. In this study, we developed a multi-temporal and
multi-source machine -learning-based method for photovoltaic cell detection . The Sentinel-1 and Sentinel-2 datasets were
used as data sources, and the random -forest classification method was applied to classify the land use and land cover
(LULC) of the study area. Various combinations of inputs to the classifier were compared based on their performance of
the LULC classification. After this process, the combination of optical -data, coherence -data, and the average of the
coherence -data was selected as the best classification method. The photovoltaic cell detection process was carried out by
combining the multi-temporal classification results to improve detection accuracy. This photovoltaic cell detection
method achieved high -overall accuracy, high user accuracy, and a high-kappa coefficient.

Keywords : Photovoltaic panels, Sentinel-1, Sentinel-2, Random forest.
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Fig. 1 The natural color image of the study site on 2020/11/13 (R/G/B=Band4/Band3/Band2).

Table 1 A list of datasets

Satellite Acquisition date Product type
Sentinel-1B 2020/11/11 VV polarization SLC
Sentinel-1B 2020/11/23 VV polarization SLC
Sentinel-1B 2020/12/05 VV polarization SLC
Sentinel-1B 2020/12/17 VYV polarization SLC
Sentinel-1B 2020/12/29 VV polarization SLC
Sentinel-1B 2021/01/10 VV polarization SLC
Sentinel-1B 2021/01/22 VV polarization SLC
Sentinel-1B 2021/02/03 VYV polarization SLC
Sentinel-1B 2021/02/15 VV polarization SLC
Sentinel-1B 2021/02/27 VV polarization SLC
Sentinel-1B 2021/03/11 VV polarization SLC
Sentinel-2B 2020/11/13 L2A

Sentinel-2A 2020/11/28 L2A

Sentinel-2A 2020/12/08 L2A

Sentinel-2B 2020/12/23 L2A

Sentinel-2B 2021/01/02 L2A

Sentinel-2A 2021/01/22 L2A

Sentinel-2A 2021/02/06 L2A

Sentinel-2B 2021/02/21 L2A

Sentinel-2B 2021/03/03 L2A
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Fig. 2 The flowchart of methods.
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Fig. 3 The overall accuracy (Upper figure), The kappa coef-
ficient (Lower figure). Opt -~ The classification
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The classification results based on the combination of
the optical data and the coherence data. Opt+Coher-
ence+CoherenceAverage ... The classification results
based on the combination of the optical data, the co-
herence data, and the average of the coherence data.

Table 2 The scene names and target periods

Scene name The target period

Period1 2021/01/02~2021/01/22
Period2 2021/01/22~2021/02/03
Period3 2021/02/03~2021/02/15
Period4 2021/02/15~2021/02/27
Period5 2021/02/27~2021/03/11
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Fig. 4 The land-use land-class (LULC) map produced by the data from 2021/02/03 to 2021/02/15.
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Fig. 5 The distribution of the detected photovoltaic cells (red polygons) overlayed on the sentinel-2 image on 2020/11/13.

Table 3 The accuracy assessment results.

Overall accuracy User accuracy Producer accuracy
97.1% 100.0% 81.8%

k coefficient=0.897
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Fig. 6 An example of the detected solar panels inside the flood hazard map.
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Fig. 7 An example of the detected solar panels near the landslide hazard map.
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Fig. 8 An example of the detected small-scale solar panels. (a): The google earth image of the solar panels. (b): The detected
locations of solar panels. The darker a pixel is, it is more likely that there is a solar panel within the cell.
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Fig. 9 The comparison of false alarms between the proposed method and the JAXA high-resolution land-use land-cover map
version 21.03. The background is the high-resolution image on the Google Earth QGIS plugin. (a) The result of the JAXA
high-resolution land-use land-cover map version 21.03. (b) The result of the proposed method.
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Fig. 10 The spatial distribution of the un-detected solar panels. Each solar panel is labeled with the most frequently misclassified
LULC class. The background image is the LULC map produced by the data from 2021/02/03 to 2021/02/15.
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