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Abstract: Focusing on the core issues of hybrid electric vehicles (HEVs) such as low energy utilisation efficiency, difficulty
in coordinating multiple performance objectives, and poor adaptability to operating conditions, this paper centres on the
energy management strategy of the transmission system. It analyses the structural characteristics and energy flow patterns of
series, parallel, and series-parallel transmission systems, compares the advantages and disadvantages of conventional energy
management strategies, and constructs a three-level optimisation framework of 'real-time operating condition identification
- multi-objective coordinated optimisation - transmission dynamic efficiency correction'. A support vector machine (SVM)
algorithm is used to achieve over 92% classification accuracy of operating conditions. Based on an improved non-dominated
sorting genetic algorithm (NSGA-II), the strategy balances fuel economy, battery life, and power response, introducing a
dynamic efficiency model to correct energy distribution coefficients. MATLAB/Simulink simulations and real vehicle tests on
a parallel hybrid SUV show that after optimisation, the strategy reduces fuel consumption per 100 km by 18%-22%, extends
battery cycle life by over 20%, and shortens 0-100 km/h acceleration time by 1.2-1.8 seconds, providing support for the
engineering design of HEV energy management systems.

Keywords: Hybrid vehicles; Powertrain; Energy management strategy; Multi-objective optimization; Driving condition
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