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ABSTRACT 

Photovoltaic (PV) systems in modern power grids require reliable PV-grid digital twins for performance assessment, 
power prediction and maximum power-point tracking. However, identifiable parameter extraction for the double-diode 
model (DDM), which underpins these electrical models, remains a highly underdetermined inverse problem due to 
parameter coupling, and structural degeneracy. This seminar presents a machine-learning-assisted hierarchical physics-
guided three-stage framework, for module-level three-point DDM parameter extraction at STC conditions. The proposed 
framework is designed to improve both solution reliability and computational tractability by integrating machine-learning-
architecture with Newton-Raphson based solver and constrained nonlinear refinement. Evaluated across 6,432 fitting 
cases from more than 600 PV modules show low reconstruction error, and more stable physically reliable solutions than 
conventional single-stage methods. 
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