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Numerical Simulation of Ground-Penetrating Radar Signals for
Detection of Metal Pipes Buried in Inhomogeneous Grounds
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Abstract

The effects of subsurface inhomogeneities on the detection of buried metal pipes in ground-penetrating radar(GPR) signals are
investigated numerically. To model the electrical properties of the subsurface inhomogeneities, the continuous random media(CRM)
generation technique is introduced. For the electromagnetic simulation of GPR signals, the finite-difference time-domain(FDTD) method
is implemented. As a function of the standard deviation and the correlation length of the relative permittivity distribution for a randomly
inhomogeneous ground, the GPR signals of the buried metal pipes are compared using numerical simulations. As the subsurface
inhomogeneities increase, the GPR signals of the buried pipes are distorted because of the effect of the subsurface clutter.
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Fig. 1. FDTD space of GPR simulation.
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Table 1. Validation of relative permittivity distribution for
the inhomogeneous ground generated by using
the CRM technique.

Gaussian CRM | Relative
Method | . .. . .
Statistics distribution function | results error
model (theory) |(simulation)| [%]
Mean 7.5 7.5 0.00
Relative
per. | Standard 15 14979 | 0.14
o deviation
mittivity -
profile | Correlation 15 cm 145 cm | 333
length

63



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 29, no. 1, Jan. 2018.

S
o
H

o

Depth [m]

o

[

05 1 15 S 25 3 35 4 45
Horizontal Distance [m]

(a) Homogeneous Ground

05
v T
r T eime. — YR aa 10
Homogeneous
T 05 Ground
= Incident °
a2 ! Wave -
o
. Metal 0
Pipe
5
0 05 1 15 2 25 3 35 4 45
Horizontal Distance [m]
(c) 1=5004r =8.35ns s
05 1
Air 3
=== ===== 5
4
= 05 3
£ .
=
2 1 1
o
a 0
15| Incident B
‘Wave 2
0 05 1 15 2 25 3 35 4 45 e
Horizontal Distance [m]
(e) 1=10004 =16.7ns
o] ul ] = A 24
a8 2. w9 9 HFY Ad WA Lol A4z S50
2 A

i

vumogenous
|

Depth [m]

Horizontal Distance [m]

(b) Inhomogeneous Ground

05 45
' 'Air
‘T S \ Y = 10
Inhomogenous
05 Ground
Incident 5
s Metal o
Pipe

Wave

Depth [m]

0 05 1 15 2 25 3 35 4 45
Horizontal Distance [m]

(d) 1=5004r =8.35ns

05
Air 5

O m e 5
lvﬂected Inhomogenous 4

05! Ground 3
in ) 2

-:iII:' !

o

15| Incident -
-2

3

Depth [m]

Pipe

o 05 1 15 2 25 3 35 4 45
Horizontal Distance [m]
® 1=10004r =16.7ns
[e) & [e]
7350 gk Ao

HAee 1

2Est AR15t Al

Fig. 2. Spatial distribution of relative permittivity profile and snapshot of electromagnetic wave propagation in cases of metal
pipes buried in homogeneous and inhomogeneous grounds, respectively.
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Table 2. Accuracy comparison of the arrival time and the
peak value of the metal pipe signals in Fig. 4.

Metal pipe signal| Arrival time [ns] | Relative
Underground mediur Peak value [mV/m)] | error [%]
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(h=0.5, 1,=5 cm) —0972 1742
Inhomogeneous ground #2 22.12 1.32
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Inhomogeneous ground #3 22.40 2.61
(h=L5, =15 cm) —0.647 21.88
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