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Multi-strategy Improvement of the Sparrow Search
Algorithm for Optimizing the UKF Method

LIU Jian-juan'?, LI Zhi-wei'”, JI Miao-xin'">, WU Hao-ran'?, XU Qiang-wei'"
(1. School of Electrical Engineering, Henan University of Technology, Zhengzhou 450001, China;
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[ Abstract] A method for optimizing the control parameters of the sample point distribution state within the framework of the unscent-
ed transform (UT) for the unscented Kalman filter (UKF) was introduced. The issue of abnormal filtering performance arising from the
state of sample point distributions was addressed by this method. A multi-strategy improved sparrow search algorithm (ISSA) was em-
ployed to finely tune the control parameters. The goal is to enhance the distribution of Sigma points, thereby improving the effectiveness
of nonlinear approximations and ultimately enhancing the accuracy of filtering estimations. To address the shortcomings of traditional
sparrow search algorithms, several refinements were implemented. Initially, a Cubic chaotic mapping was applied to diversify the initial
population. Furthermore, during the exploration phase, a nonlinear adaptive convergence factor was introduced to balance the
algorithm’s capacity for global exploration and local exploitation. Additionally, a wavelet mutation strategy was integrated into the follo-
wer phase to prevent blind adherence to specific paths and mitigate the risk of becoming trapped in local optima. Lastly, an adaptive
t-distribution perturbation capability was introduced to strengthen the algorithm’s ability to perform wide-ranging global searches. The
efficacy of the proposed ISSA was demonstrated through simulation experiments conducted on various test functions. The results consist-
ently show that ISSA outperforms other methods in terms of convergence and solution accuracy. Furthermore, the benefits of ISSA are
extended to the optimization of parameters within the UKF algorithm. Experimental outcomes indicate that the ISSA-UKF algorithm re-
duces the root mean square error (RMSE) of position by 52.2% and the RMSE of velocity by 21. 9% , thus affirming the viability and
effectiveness of the proposed enhancements.

[ Keywords] unscented Kalman filter; sparrow search algorithm; Cubic chaotic mapping; nonlinear adaptive convergence factor;

wavelet mutation strategy
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Table 3 Results of the test function
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Fig. 4 Convergence plot of the test function
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Fig. 5 X-direction position mean square error
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Fig. 6  Y-direction position mean square error
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Fig. 8  Y-direction velocity mean square error
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Table 4 Comparison of root mean square error
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