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Development of a photovoltaic module dust detection system based on
light scattering

Dong Jiahao' *  Qiao Jie' * Zhang Rui’ Wang Yong® Feng Jiao"*
(1. School of Electronic and Information Engineering, Nanjing University of Information Science and Technology,
Nanjing 210044, China;2. Nanjing Qiyun Zhongtian Technology Co. , Ltd. s Nanjing 210000, China;
3. Sungrow Smart Maintenance Technology Co. , Ltd. , Hefei 210046, China)

Abstract: To address the limitations of existing optical dust detection methods, which are susceptible to environmental
factors and lack precision, a novel method and system for detecting dust accumulation on photovoltaic modules has been
developed. This system integrates temperature and humidity data into its detection algorithm to mitigate environmental
influences on measurement accuracy. The optical path structure is optimized., and incident light intensity data are
collected to compensate for variations in the light signals received by photosensitive elements. A synchronous
demodulation circuit is designed to eliminate background light interference, thereby enhancing detection accuracy.
Furthermore, a new calibration method reduces both calibration complexity and cost while further improving precision.
Test results demonstrate that this system achieves high accuracy and robust anti-interference performance, with a
maximum deviation of 1.67% under outdoor high-temperature conditions, outperforming traditional equipment by
0.55%. Additionally, the stability in low-temperature and high-humidity environments has been enhanced by
approximately 2. 9% , enabling long-term monitoring capabilities, meeting the operational requirements of photovoltaic
power stations.
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Fig. 1 Basic principle of dust accumulation detection
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(a) Physical object
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Fig. 2 Schematic diagram of the physical object and structure
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(b) Structural
of the dust detection system

g
BRI B A 281003

1007 REE5HFEHE

FY LT Sl —
P03 AR I 2R Gt 45 M ) i

Fig. 3 Sectional view of the dust detection system structure
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Fig. 4 Sectional view of the sampling room structure of the

dust detection system
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Fig.5 Overall framework of hardware circuit
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Table 1 Test data in clean state
it ] I AR SR B EHR Eﬁﬁ/ Ei% B 1 B 2 UK 3 Bl 2

1%/ kW I/ kW (W/m") EY 5 7 i

11:25 0.584 0. 783 846. 766 0. 746 100 100 100 100
11:30 0.582 0. 788 858. 909 0.739 100 100 100 100
11:35 0.595 0. 799 874.053 0. 745 100 100 100 100
11:40 0.592 0. 815 880. 533 0.726 100 100 100 100
11:45 0.593 0. 796 870. 003 0. 745 100 100 100 100
11:50 0. 589 0. 808 874. 864 0.729 100 100 100 100
11:55 0.594 0. 794 887.014 0. 748 100 100 100 100
11.25 0.584 0. 783 846. 766 0. 746 100 100 100 100

{8 92.26% ;3 GFKK I R G IK 5 YL LB 77 90. 4%,
93.79%.97. 6%, F-H{E M 93. 93 %% s BRI K I 2 55 55 S
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PO BRSS9 h 94. 48 %6, H A4S AR E LN 2. 229, 3
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Table 2 Dust test data

i ] RIGANE ZRAESRE BESH/ S2BRAA—hER/kw  SSWMBKIGYE  BIK 1/ BK 2/ K3/ R
W%/ kW W /kW (Wem™?) k=0.726 k=0.748 k=0.726 k=0.748 % % % o R
12:00  0.572 0. 821 912.126 0. 60 0.61 95. 97 93.14  96.01  97.3  99.55 99.72
12:05  0.566 0. 801 921. 846 0.58 0. 60 97. 33 94.47  95.95  97.24  99.26 97.07
12:10  0.563 0.8 891. 875 0.58 0. 60 96. 94 94.08  95.57 97.33  98.59  96.96
12:15  0.568 0. 807 917. 796 0. 59 0. 60 96. 95 94.10  94.35 96.77  97.6  96.06
12:20  0.545 0. 81 894. 305 0. 59 0.61 92. 68 89.95  94.29  95.84  97.57 94.77
12:25  0.529 0. 808 890. 255 0. 59 0. 60 90. 18 87.53  94.23  93.79  97.6  94.55
12:30  0.533 0. 809 895. 924 0.59 0. 61 90. 75 88.08  90.34 93.79 97.57 92.87
12:35  0.539 0. 811 908. 885 0. 59 0.61 91. 54 88.85  90.37 93.79  97.6 92.68
12:40  0.538 0.8 908. 076 0.58 0. 60 92. 63 89.91 90.4  93.79  97.57 92.70
12:45  0.531 0. 794 902. 405 0.58 0.59 92.12 89. 41 90.4  93.82  97.6  92.71
12.50  0.532 0. 794 887.014 0.58 0.59 92. 29 89. 58 90.4  93.82  97.6  92.72
12:55  0.531 0.781 867.572 0. 57 0.58 93. 65 90.90  90.37 93.79 97.57 92.72
13:00  0.535 0. 787 894. 305 0. 57 0. 59 93. 64 90. 88 90.4  93.79  97.6 92.72
M 93.59 90.83  92.54  94.98  97.94 94.32
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Monitoring  photovoltaic soiling : assessment,
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