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ABSTRACT 

The stochastic cloud cover on photovoltaic (PV) panels affects the solar power outputs, producing high instability in 

integrated power systems. It is effective to track cloud motion during short-term PV power forecasting based on satellite 

measurements, as extra costs of installing ground-based sky cameras can be saved. However, modeling cloud motion 

directly from satellite images is still a tough task, since temporal variations of these images are noisy and non-stationary. 

Hence, two novel end-to-end PV power forecasting models are introduced that can directly take satellite images as inputs. 

For the first model, inputs of stacked optical flow maps are imported, and multi-step-ahead PV forecasts can be outputted 

sequentially by shifting receptive attention to dynamic regions of interest (ROIs). For the second model, a pixel-sensitive 

graphical learning method is adopted. By simulating cloud motion using bi-directional extrapolation, a directed graph is 

generated representing the pixel values from multiple frames of historical images. The nodes and edges in the graph 

denote the ROI shapes and motion directions of satellite images. A spatial-temporal graph neural network is then 

developed to handle the graph. By comparing with conventional deep-learning-based methods, the proposed well-

designed model architectures can improve the forecast accuracy by enhancing learning capabilities and reducing input 

redundancy. 
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