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Abstract: Internal cracks in road surface structures are important hidden diseases that affect road safety and service life, and their
efficient and non-destructive identification is a key issue in current research on intelligent road maintenance. This article proposes an
intelligent crack recognition method that combines forward simulation and time-frequency domain feature analysis to address the
challenges of subjective interpretation and low recognition accuracy in the existing ground penetrating radar crack recognition process.
Firstly, a typical 3D FDTD simulation model of road structure is constructed based on Gprmax to simulate the radar response
characteristics of cracks at different depths and layers, revealing the relationship between electromagnetic wave propagation and crack
morphology; Secondly, radar signal features are extracted from multidimensional perspectives such as time domain, frequency domain,
and continuous wavelet transform, and their correlation with crack location and type is analyzed to provide feature basis for the
construction of subsequent automated crack recognition models, as well as technical support for road structural health assessment and
maintenance decision-making.

Keywords: forward simulation; time-frequency domain characteristics; internal cracks in the road surface; 3D ground penetrating
radar; road detection
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