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Parameter Optimization of Multi-Mode Hybrid Vehicle
Considering Mode-Switching Frequency
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Abstract: A rule-based energy management strategy (EMS) is proposed for a novel series-parallel
hybrid vehicle and then optimized via multiple object particle swarm optimization (MOPSO). In
addition to the traditional optimization method that considers fuel economy and dynamic
performance under new European driving cycle (NEDC) as the objective function, the mode-
switching frequency is considered. And the mode discrimination is proposed as the objective
function. Five gear ratios and two thresholds in the proposed energy management strategy were
optimized via MOPSO which is validated to be effective in maintaining the vehicle dynamic
performance and fuel economy and meanwhile improving the mode-selecting robustness. Vehicle
model and energy management strategy were established with MATILAB and Cruise. The

simulation results showed that compared with the initial parameters, Solution 1 and Solution 2
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could avoid vehicle working on the boundary of two separate modes and still with the capability to

obtain 12. 7% and 15% improvements in fuel economy, 15.7% and 6.5% improvements in

dynamic performance, respectively. Finally, the simulation results of JCO8 driving cycle were

used to validate the proposed theory. The results showed that the optimized solutions and the

selected multi-objective optimization method are still feasible under JCO8 driving cycle.

Keywords:

hybrid vehicle; rule-based energy management strategy; multi-objective particle

swarm optimization algorithm; mode discrimination
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