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Abstract

With the frequent occurrence of tunnel engineering quality accidents, ensuring tunnel safety has
become a critical task in engineering construction. Traditional tunnel quality inspection methods
face issues such as high-altitude work risks, low detection efficiency, and poor data reliability, ne-
cessitating more efficient and safer detection approaches. This paper proposes a ground penetrat-
ing radar-based adsorbable intelligent detection robot. The system is designed with two flight
modes (flying and wall-adhering detection) and features automatic obstacle avoidance, making it
adaptable to complex engineering environments. Detection data is transmitted in real-time to the
host via WiFi for algorithmic processing, enabling accurate analysis of hazard types and locations.
The system also offers data storage and playback functionalities for unified management. Experi-
mental results demonstrate that this system significantly improves detection efficiency, ensures en-
gineering safety, and reduces costs, providing an innovative quality inspection solution for under-
ground projects such as railway tunnels.
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Figure 1. Principle diagram of LiDAR distance measurement
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Figure 2. SLAM algorithm framework
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Figure 3. Principle diagram of GPS/INS integrated navigation
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Figure 4. Tunnel inspection site
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Figure 5. Data processing software interface of the ground penetrating radar-based adsorptive intelligent detection robot
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