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Abstract

The article takes a 1/4 vehicle two-degree-of-freedom active suspension as the research object. Based
on Newton’s second law, a 1/4 vehicle two-degree-of-freedom active suspension dynamic model is
established. Subsequently, a linear quadratic regulator (LQR) control function is constructed. To ad-
dress the issue that manually inputting the weighting matrices Q and R in the LQR control function
based on human experience interferes with optimization accuracy, resulting in suboptimal solutions,
this experiment proposes a new approach: LQR vehicle suspension control based on an adaptive
multi-population genetic algorithm. This method combines the multi-population genetic algorithm
with an adaptive function, allowing the algorithm to adjust parameters adaptively through the adap-
tive function, thereby improving the convergence speed of the controller parameters and ensuring
the accuracy of the experimental results. The LQR controller parameters are obtained through the
genetic algorithm. Simulation results indicate that this control algorithm achieves better optimiza-
tion results compared to traditional multi-population genetic algorithms. It effectively optimizes vehi-
cle body acceleration, suspension dynamic stroke, and tire dynamic displacement, reducing vibra-
tions caused by road unevenness during driving, and significantly improving vehicle stability, safety,
and comfort.
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Figure 1. 1/4 two-degree-of-freedom active suspension model of a car
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Figure 2. Flowchart of the multi-population genetic algorithm
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Figure 3. Flowchart of multi-population genetic algorithm LQR controller optimization
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Figure 5. Optimal individuals and fitness function changes of the traditional multi-population genetic algorithm
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Table 2. Root mean square values of performance parameters for different control algorithms
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