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Abstract

With the escalation of public security demands, complex unstructured scenarios have significantly
raised requirements for the durability and precision of sniffing equipment. Such equipment is in-
creasingly replacing live police dogs in law enforcement activities such as explosive detection and
drug interdiction, addressing limitations including long training cycles, high costs, and weak environ-
mental adaptability. By integrating bionic olfactory sensing, gas diffusion modeling, and robotics
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technology, this study designs an embodied intelligent police dog system based on olfactory bionics.
It analyzes the distribution of canine olfactory receptors and the mechanisms of odor molecule ad-
sorption to develop a high-sensitivity bionic olfactory sensor array modified with nanomaterials.
Furthermore, it constructs a multimodal recognition algorithm fusing deep learning with fluid dy-
namics models to achieve trace gas detection and odor source localization. Combined with a quad-
ruped robot platform, the project develops dynamic sampling and path planning technologies to
solve tracking challenges in unstructured terrains. Ultimately, this research aims to develop “olfac-
tory reconnaissance” police equipment for public security operations, providing a valuable refer-
ence for future applications.
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Figure 1. Overall architecture diagram of the robotic police dog system
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Figure 2. Multimodal algorithm framework
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Table 2. Performance comparison between multimodal algorithms and traditional CNN algorithms
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Table 3. Terrain adaptability and tracking performance of quadruped robots
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