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Abstract: Against the backdrop of global low-carbon energy transition, the precise identification and monitoring of photovoltaic (PV) panels are
of utmost importance for energy management. Aiming at the issues of insufficient feature representation capability in the traditional methods and
limited generalizability of deep learning models, we proposed an improved DeepLabV3+ model. Firstly, we adopted the lightweight
MobileNetV2 backbone network to reduce the model’ s parameter count. Then, we embedded the convolutional block attention module into the
atrous spatial pyramid pooling module, and enhanced multi-scale fusion capability through channel-spatial dual-dimensional feature calibration.
Finally, we designed a hybrid loss function combining cross-entropy, dice, and intersection over union (IoU) to optimize boundary segmentation
accuracy. Experimental results demonstrate that the improved model achieves precision, recall, and IoU values of 92.87%, 94.93%, and 88.56%,
respectively, representing improvements of 4.26, 2.89, and 6.17 percentage points compared to the original model. Additionally, the sliding
window prediction strategy effectively eliminates mosaic artifacts in large-scale image stitching, with an IoU improvement of 1.17 percentage
points over the direct prediction strategy. This study provides a high-precision and lightweight technical solution for PV panel extraction in
multi-scenario applications, holding significant application value for PV monitoring and energy planning.
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