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Abstract: Geomagnetic navigation has advantages of autonomy, passivity and strong concealment. However,

traditional geomagnetic matching methods rely on the accurate construction of geomagnetic maps, which restricts
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their application in overseas, ocean and other scenarios where precise geomagnetic information is difficult to
obtain. To address this problem, this paper proposed a biomimetic geomagnetic navigation algorithm without
a prior geomagnetic map, which integrated the evolutionary algorithm with the improved sparrow search
algorithm to achieve autonomous navigation. Three improvements were made to the traditional sparrow search
algorithm: firstly, the Tent chaotic map was adopted to generate the initial heading angle population, whose
four indicators including grid number variance were all superior to those of the random generation method ,
improving the spatial coverage uniformity of initial solutions; secondly, the update strategy of explorers’
position was improved by introducing the display mechanism of the peafowl optimization algorithm (with a
display probability of 0.4 and an initial learning rate of 0. 3) and adding a random disturbance term to balance
the algorithm’s exploration and exploitation capabilities; thirdly, the elite opposition-based learning mechanism
was introduced to generate the opposite solution for the optimal solution and retain the better one, avoiding
the algorithm from falling into local optimum. In the navigation process, the three-axis geomagnetic intensity
was selected as the operation parameter, and the multi-objective weighted function was used to evaluate the
heading angle and guide its update. Simulation experiments verify the effectiveness of the proposed algorithm
through Monte Carlo random experiments, with a success rate of 100%, a mean error of 22. 010 2 m between
the navigation end point and the target point, and an average number of iteration steps of 203. Comparative
experiments were carried out with three groups of start and end points with different latitudes, longitudes and
altitudes. The results show that the proposed algorithm is significantly superior to the traditional evolutionary
algorithm in path straightness and iteration efficiency while maintaining navigation accuracy. Compared with
the evolutionary gradient algorithm and its improved version, the proposed algorithm achieves a path straightness
of 1. 006 7 and a target point error of only 18. 91 m, which is significantly better than the comparison algo-
rithms, verifying its superiority.

Key words: a priori-free geomagnetic map; geomagnetic navigation; evolutionary algorithm; sparrow algorithm
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Tab.4 Comparison of navigation results of three methods
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