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Optimal vibration control of active suspension system based on AO algorithm
ZHANG Peng, LIANG Yanjun

( School of Data Science and Information Engineering, Guizhou Minzu University, Guiyang 550025, China )

Abstract: To improve the ride comfort and handling stability of vehicles, this paper proposes an optimal vibration control strategy
for active suspension systems based on the Aquila Optimizer ( AO). The performance of traditional Linear Quadratic Regulator
(LQR) controllers depends on the manual empirical setting of weight matrices @ and R, making it difficult to achieve globally
optimal control. To address this issue, this study constructs a quarter—vehicle active suspension mathematical model and designs a
multi—objective performance evaluation function using vehicle body vertical acceleration, suspension dynamic deflection, and tire
dynamic load as indicators. The Aquila Optimizer algorithm, by introducing the Lévy flight mechanism, demonstrates outstanding
performance in global search and local exploitation capabilities, and is employed for intelligent optimization of LQR controller
weight matrix parameters to maximize comprehensive performance improvement. Through MATLAB simulation, the proposed
control strategy is validated under Class C road surfaces and semi - sinusoidal bump road conditions. Comparative experimental
results show that; compared with passive suspension, traditional LQR, Genetic Algorithm ( GA ) —optimized LQR, and Ant Colony
Optimization ( ACO) -optimized LQR, the AO-optimized LQR controller can more significantly reduce vehicle body acceleration,
suspension dynamic deflection, and tire dynamic load, effectively suppress vehicle body vibration, and verify the effectiveness and
superiority of this method in improving comprehensive vehicle driving performance.
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Table 4 RMS values of performance indices for sinusoidal bump

road
Bk AVB/(m +s2)  SWS/mm DTL/N
PASS 0.099 8 0.378 7 0. 050 2
&4 LQR 0.068 9 0.2516 0.034 8
GA_LQR 0. 060 1 0.1857 0.0315
ACO_LQR 0.053 6 0.176 3 0.028 4
AO_LQR 0.0335 0.1823 0.019 2
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