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Abstract

Ground Penetrating Radar (GPR) has become a core technology for detecting underground buried
objects due to its advantages such as high resolution, non-destructive efficiency, and intuitive im-
ages. Its working principle is based on the reflection characteristics of electromagnetic waves at
interfaces with different dielectric constants. By analyzing the travel time, amplitude and waveform
of the reflected waves, it can accurately identify diseases such as voids, cavities and water-rich con-
ditions. This technology began in 1935 and has gone through military applications, engineering
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promotion and equipment innovation. China made breakthroughs in the fields of numerical simu-
lation and disease identification after the 1990s. The current technological development shows
multi-dimensional leaps: the hardware end breaks through environmental limitations through po-
larized antennas and unmanned aerial vehicle platforms; The algorithm end relies on EEMD noise
reduction and Al interpretation to achieve intelligent diagnosis of “waveform-conclusion”. The ap-
plication end builds a full-cycle monitoring chain for roads and promotes the transformation of sce-
narios such as water conservancy and karst from hidden danger detection to risk prediction. In the
future, it is necessary to deepen the theory of multi-physics field coupling inversion, develop digital
twin platforms, and complete the upgrade of the intelligent control paradigm of “detection as as-
sessment”.
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Figure 1. Schematic diagram of the working prin-
ciple of geological radar
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