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Design of Distributed Photovoltaic Fault Diagnosis System Based on I-V Characteristic Curve
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Abstract:Distributed photovoltaic systems are usually deployed on rooftops, factory buildings, and other
load—side locations, where operating conditions are complex and scattered. During long—term operation,
photovoltaic modules are affected by irradiance fluctuation, local shading, dust accumulation, line aging, and
poor electrical connections, which may cause power attenuation and abnormal operating states. Owing to the
large number and wide distribution of modules, early faults are difficult to detect through manual inspection
alone. In addition, diagnosis based only on voltage, current, or power is easily affected by environmental
variations. Compared with single electrical indicators, the I-V characteristic curve reflects the variation of
voltage, current, and power at different operating points and contains richer information for fault diagnosis

This study proposes a fault diagnosis scheme for distributed photovoltaic arrays based on the I-V
characteristic curve. A photovoltaic module model is established from the single-diode equivalent circuit, and
a 2X2 photovoltaic array model is further constructed to analyze the effects of irradiance and temperature on
the I-V and P-V characteristic curves. Five operating conditions, including normal state, local shading, aging
fault, open—circuit fault, and short—-circuit fault, are compared through curve shape and key parameters. Then,
101-dimensional features are extracted and processed by missing value handling, robust scaling, feature
selection, and PCA dimensionality reduction, and a support vector machine is used for classification. An
experimental system integrating a photovoltaic array, a DC-DC acquisition board, an STM32F407ZG controller, a
4G communication module, a cloud server, and the AIRIOT cloud platform is built for data acquisition, remote
transmission, diagnosis, and result display. Results under the 2X2 array and five preset conditions show that
the method can distinguish different operating states and preliminarily verify the feasibility of I-V
characteristic curve-based fault diagnosis for distributed photovoltaic systems.

Key words:Distributed photovoltaic power; generation I-V characteristic curve;fault diagnosis;multi-model
fusion;AIRIOT
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