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Abstract: To enhance the reliability and driving range of electric vehicles (EVs), hybrid energy systems 

combining solar photovoltaic (PV) panels, batteries, and ultra-capacitors have gained prominence as a 

sustainable solution. This study introduces a novel dual-input, dual-output (DIDO) DC-DC 

converter designed to efficiently manage power flow between multiple sources, EV loads, and the grid, 

while also enabling vehicle-to-vehicle (V2V) energy exchange. The converter’s key innovation lies in 

its ten operational modes, achieved through intelligent switching control within a unified circuit 

topology. Each mode is rigorously analysed using equivalent circuits, waveform illustrations, and 

derived mathematical models to characterize its dynamic behaviour.The study includes a detailed loss 

analysis and efficiency evaluation, highlighting the converter’s performance under varying conditions. 

When benchmarked against conventional converters, the proposed DIDO topology demonstrates 

superior component utilization, adaptability, and operational flexibility, making it a promising solution 

for next-generation EV power systems. 
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