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Bio—inspired navigation—cracking the mystery behind "bird" intelligence
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3. Hangzhou International Innovation Institute, Beihang University, Hangzhou 311115, China

Abstract Bio—inspired navigation is an important embodiment of bio—inspired intelligence that empowers autonomous perception and
efficient navigation in unmanned systems. By mimicking the processes of biological systems in perceiving, acquiring, integrating, and
utilizing spatial, environmental, and target—related information, bio—inspired navigation provides new theoretical insights and technical
approaches for overcoming the bottlenecks of autonomous navigation in interference and adversarial environments. It has become a
frontier research direction involving the interdisciplinary integration of information science, bionics, and instrumentation engineering.
Starting from the concepts and functions of bio—inspired intelligent systems, this paper elaborates on the research connotation and
architectural framework of bio—inspired navigation. The research progress of representative bio—inspired navigation technologies,
including inertial navigation, visual navigation, polarization navigation, and geomagnetic navigation, is systematically reviewed. The
bio—inspired mechanisms, information perception mechanisms, and technological implementation forms of different navigation
approaches are analyzed in detail. Furthermore, the future development trends of bio—inspired navigation are discussed from three
perspectives: neural—enabled intelligent motion information estimation (method), intelligent navigation hardware based on bio—like organ
collaborative perception (system), and bio—inspired intelligent navigation with adaptive capabilities against uncertain interference
(behavior). This review provides references for the development of next—generation autonomous navigation technologies.

Keywords bio—inspired intelligence; bio—inspired navigation; intelligent sensing; inertial navigation; polarization navigation
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