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Photovoltaic hotspot simulation modeling and thermal imaging analysis
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Abstract : In order to solve the uncertainty of hotspot when airborne thermal imaging detects the surface of solar photovoltaic panels. The
mechanism of hotspot is analyzed, and the equivalent circuit model of photovoltaic panels under shadow shading is constructed to obtain
the partial shadow conditions. The mathematical expressions of the surface heat and output current of the photovoltaic panel are verified
by MATLAB/Simulink simulation and temperature measurement. Build a UAV hotspot simulation detection platform, change the input
current and detection height to obtain a thermal imaging map of the photovoltaic panel surface, establish a segmentation function that
characterizes the pixel statistical value at different temperatures, and use the K-means clustering algorithm to build a feature value
database, which will be used to locate the subsequent faulty photovoltaic panel. The experimental results show that the method has the
controllability of the current on the surface temperature of the photovoltaic panel, the infrared thermal imaging feature library constructed
by the piecewise function-K-means clustering hybrid algorithm can accurately represent the hotspot features.
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Fig. 1 Single photovoltaic panel equivalent circuit model
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Fig.2 Equivalent circuit model of the shaded photovoltaic panel
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Fig.3 Simulation of series and parallel photovoltaic panels
(The light intensity is initially 1 000 W/m*, and

the attenuation interval is 200 W/m?)
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Fig.5 Simulated UAV hotspots detection device platform



- 194 - B IR SRR R

535 %

3 ABEAEISKI R 4

K T ) 205 94 506 DRSO A — ., 253 o K A
K, W B I A AL AN TAT 6.7 7R o S8 R AR HL TR Y
RN EROCARMEERS R, f R , AR R R

(a) R

(a) Series

(b) FEI
(b) Parallel

Ko HifRki%s

Fig. 6 Series and parallel wiring diagram

20| — BRI 55| — BRI
BRI - BRI

0051015202530354045 0051015202530354045

/A HR/A
(a) HER (b) FFHE
(a) Series (b) Parallel

K7 R A e 26

Fig. 7 Series and parallel temperature change curve
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Fig. 8 Thermal imaging sensor detects position
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Fig. 9 Temperature change curve with height
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Fig. 10 Thermal imaging pictures under different currents
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