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Three-dimensional Quantitative Forward Modeling of Obstacles and Detected
Objects at Different Distances in Air-coupled Ground-penetrating Radar

LIU Huan-yu'?, HUO Yu-xiang'*, YI Lin-guo'”’
(1. College of Environment and Civil Engineering, Chengdu University of Technology, Chengdu 610059, China;
2. State Key Laboratory of Geological Disaster Prevention and Geological Environmental Protection, Chengdu 610059, China)

[ Abstract] Air-coupled ground penetrating radar is widely used in areas with poor terrain conditions and many surface obstructions.
In order to precisely evaluate the influence of surface obstructions on the air-coupled ground penetrating radar detection, the horizontal
distance between surface obstructions and the detection object was quantitatively studied. The air-coupled ground penetrating radar
principle was first used to design an indoor experiment. The influence of the distance between the obstacle and the detection object on
the depth of detection and the amplitude changes of the reflection interface of the detection object was analyzed. The relevant laws were
then verified by forward simulation. Finally, the relationship between the distance between the obstacle and the detection object and the
parameters of the air-coupled ground penetrating radar when it was working was derived based on the analysis of the electromagnetic
wave propagation laws of the air-coupled ground penetrating radar. The research results show that the physical experiment obstacles
used for air-coupled ground-penetrating radar detection of underground objects have no significant impact on the detection depth. As the
obstacle gradually moves away from the detection object, the amplitude of the reflection interface of the detection object will first in-

crease and then stabilize. The amplitude increase stage follows an exponential function distribution law, and the amplitude stability
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stage has the same amplitude value as when there are no obstacles. In this paper, the distance between the obstacle and the target ob-

ject at which the amplitude is just approaching stability is defined as the critical distance at which the obstacle affects the amplitude of

the radar signal. The height of the antenna, the depth of the target object, the dielectric constant of the detection medium, and the an-

gle of incidence of the electromagnetic wave are all related to the critical distance. The result quantifies the influence of surface obsta-

cles on the physical characteristics of the air-coupled ground penetrating radar and provides guidance for the operation of air-coupled

ground penetrating radar.
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Fig. 1  Schematic diagram of the air-coupled GPR

operating principle
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Fig. 12 Amplitude statistics in physics experiments
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Table 2 The amplitude fitting equation for the distance between the obstacle and the iron bar from 0 to 12 cm
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Table 3 The amplitude fitting equation for the distance between the obstacle and the iron bar from 12 to 26 cm
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when the positive contour map is displayed
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Fig. 19  Fitting amplitude data from forward simulation
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Table 5 The amplitude fitting equation for the distance
between the obstacle and the iron bar from

0 to 12 cm in forward simulation
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Table 6 The amplitude fitting equation for the distance
between the obstacle and the iron bar from 12 to 26 cm in

forward simulation
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Graph of critical distance at which amplitude is

affected by obstacles
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