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ABSTRACT : The importance of subsurface information is becoming crucial in urban area due to increase of underground construction.
The position of underground facilities should be identified precisely before excavation work. Geophyiscal exporation method such
as ground penetration radar (GPR) can be useful to investigate the subsurface facilities. GPR transmits electromagnetic waves to the
ground and analyzes the reflected signals to determine the location and depth of subsurface facilities. Unfortunately, the readability
of GPR signal is not favorable. To overcome this deficiency and automate the GPR signal processing, deep learning technique has
been introduced recently. The accuracy of deep learning model can be improved with abundant training data. The ground is inherently
heteorogeneous and the spacially variable ground properties can affact on the GPR signal. However, the effect of ground heterogeneity
on the GPR signal has yet to be fully investigated. In this study, ground heterogeneity is simulated based on the fractal theory and
GPR simulation is carried out by using gprMax. It is found that as the fractal dimension increases exceed 2.0, the error of fitting
parameter reduces significantly. And the range of water content should be less than 0.14 to secure the validity of analysis.

Keywords : Ground penetrating radar (GPR), Finite-difference time-domain (FDTD), Fractal, Numerical analysis
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Fig. 1. Principle of ground penetrating radar
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Fig. 3. FDTD Yee cell (Warren et al., 2016)
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Table 1. Input parameter for gprMax analysis
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Fig. 4. Analysis model about fractal dimension (a) 0.5, (b) 1.5, (c) 2.5, (d) 3.5
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(c)

Fig. 5. Analysis result about fractal dimension (a) 0.5, (b)

Fig. 6. FDTD Yee cell (Warren et al., 2016)
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Table 2. Result of fitting coefficient (fractal dimension = 0.5)

F
. racte.ll “ b . d
dimension
0.5 2.876 99.981 4,994 67.781
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Fig. 12. Detection of noise signals due to increased water content
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