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Abstract: To address the limitations of conventional Monte Carlo simulation methods in electric vehicle (EV) charg-
ing load forecasting—particularly their large probability distribution fitting errors and strong data randomness—this
paper proposes an enhanced approach integrating Gaussian mixture model (GMM) and grey relational analysis
(GRA). First, GMM is employed to fit the multimodal distribution characteristics of charging behaviors, with the
Bayesian information criterion (BIC) optimizing the number of Gaussian components to enhance probability distribu-
tion model accuracy. Second, GRA evaluates the relational degree between Monte Carlo-generated charging behav-
ior datasets and the original data, screening optimal datasets to mitigate extreme value impacts. Finally, a Gamma
distribution model of battery capacity is introduced to characterize heterogeneous charging demands across EV
types. Simulation results demonstrate that the enhanced method achieves a correlation coefficient of up to 0.999 5 for
initial charging time and initial state of charge (SOC) fitting, while the forecasted peak total charging load aligns
closely with actual peak demand periods, significantly improving forecasting precision. By combining GMM s multi-
modal fitting capability with GRA’s data screening mechanism, this method resolves the oversimplified probability
models and data randomness inherent in traditional approaches, offering robust technical support for grid load plan-
ning and dynamic balancing.
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Fig.6 EV charging load forecasting results
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