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Abstract

The size of components plays an important role in the technical performance and economic efficiency of hybrid
vehicle design. On the other hand, an effective energy distribution strategy can lead to more stable and efficient
system performance. Therefore, it is essential that component sizing in the design process takes into account the
requirements of dynamic power distribution. This study presents a synergistic optimization framework for
determining the optimal component sizes and power management strategy in series-parallel hybrid vehicles. To
achieve cost-effective performance, a two-level hierarchical optimization approach is used. At the higher level, a
particle swarm optimization algorithm identifies the key optimal characteristics related to battery sizing. At the
lower level, a deep reinforcement learning algorithm, based on the soft actor-critic method, optimizes the dynamic
power distribution strategy. The proposed design is shown to improve economic efficiency by reducing both initial
and operating costs, based on comprehensive comparisons with the baseline design. The optimized design,
developed for an urban driving cycle, results in an 18.7% reduction in battery capacity compared to the baseline.
The synergistic optimization of component sizing and energy management leads to a 22% reduction in total cost.
These results demonstrate that the proposed framework effectively balances cost, energy efficiency, and
environmental impact, showing strong potential for practical implementation in series-parallel hybrid vehicles.
Keywords: Series-parallel hybrid vehicle, Power management strategy, Component rightsizing, Deep
reinforcement learning
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