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A Study on Characteristics of Ground-Penetrating Radar Signals
for Detection of Buried Pipes
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Abstract

Characteristics of ground-penetrating radar(GPR) signals for detecting buried pipes are investigated numerically. Transmitting and
receiving parts of a GPR system, a subsurface soil and a plastic pipe filled with a dielectric material are modeled by using the finite-
difference time-domain(FDTD) method. FDTD simulations for observing aspects of GPR signals are performed as a function of the
diameter of the pipe and the permittivity of the filling material in the pipe. GPR signals scattered by a dielectric filled pipe appear
as a superposition of two waves, such as the specular wave from the front convex surface of the pipe and the axial wave from the
rear concave surface of the pipe. We show that the amplitude, the polarity, the delay time of two waves depend on the size of the
pipe and the permittivity of the filling material in the pipe.
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Fig. 1. FDTD simulation region of GPR survey for detec-
ting a buried pipe.
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Fig. 3. B-scan images as a function of a diameter (D) of
a air-filled plastic pipe.

am B A go] AZGFE 27) uhate] W Eo| AR

3, EWEF ARAbsteke] AJZEA o] Sofdt.

Qg 4% GAE A% AshgAtalolnt A5 BAol B AT

0 T T T T T T T
- =20 cm
5L —=-D=40cm _
—— D=60cm
Bad kgrolmd ,Spemlar
Z 4
=) 10 b o (5 5) i
@ Bri—_—
£t T
= :
z ; Specular D
s I5r i Wave _l_ T
=] H N
i ; i Air-Filled
20 - Plastic Pipe |
(&,=D
25 [ I B | 1

N
oo

3 4 5 6
Received Electric Field [mV/m]

8 4. 29 39 =25 mollA Z71E AP Sz ¥
Bo g ek AAe] $4 5

Fig. 4. Received waveform of electric fields scattered by
the air-filled plastic pipes at =2.5 m in Fig. 3.

oA A g2 ESAE #o] AF2 D=20 em
3, A3k WA A, = HRTF S FAL(e,, <e,,)
& 7 §AAR oY B £ b5 AL Aot
3% °ﬂ t3 GPRE] HAMAFEE FDTD A4
JFog Vel 1¢ 59 ﬂu} P &g
&3 A& wANAY &HE zpo)7t
o3 ek AolAnE, %A Y
o A=7t FrsiAE e & ¢ vk 19 58 F 4
A8 £A817] A3 2=2.5 m A - AN BT A
AU ALR b AR AN 7 o] T 2
Poithe vlwely I 63 2ok 19 6ol olahu @

< AL FAAG] A EC] 1< ¢, U%OME
9] WAk 2A, S9E el U At

A A A& Zol7t AEFE 5] AL A

St ook gel, # &2 AL FAA9 A HaL
o) ¢, =42 A5l Be] IBE Seist At v
o) AU GA R (e, =53 Aot ALHE B7eL, A

zbo] o 15 ns koA oF7el 4 WslE B 4 gk
ol B Uie] fA80] FAEE A #e) Ago)
29 AAY AR, B shwe] 9BRd o

W wAshe) Aol ARA e Qi) 3
o] 220 o) 27] BATRRE 2eE A



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 28, no. 1, Jan. 2017.

Lossless
o, Dielectric-
Filled Pipe “

Delay Time ¢ [ns]

Homogeneous Soil

1 15 2 25 3 35 4
Antenna Position x [m]

@ €,=1

Lossless

Ul

“_: Dielectric-

Filled Pipe

Delay Time ¢ [ns]

Homogeneous Soil

1 15 2 25 3 35 4
Antenna Position x [m]

®) €,,=2

.~  Lossless
o . Dielectric
Pipe

Delay Time ¢ [ns]

Homogeneous Soil

1 15 2 25 3 35 4
Antenna Position x [m]

(c) €,,=4
a2 5 A AT, =R $e §38(,, <c,,)
2 47 E842Y F9 B-scan 94
Fig. 5. B-scan images of plastic pipes filled with dielectric
materials of lower permittivity(e,,, < €,) than back-

ground(e,. ;= 5).

46

10

15

Delay Time [ns]

speCUIar Dielectric -Filled
Wave Plastic Pipe

(€,)

20

25

1 2 3 4 s
Received Electric Field [mV/m]
J8 6. 19 59 2=25 m A FAAZ A9 &
g2 o) o8] AeE AAY 54 93
Fig. 6. Received waveform of electric fields scattered by
the dielectric-filled plastic pipes at =25 m in
Fig. 5.

N

A A B Aol 19 72 19 59+ w2 A3}
A A (e, =BT B FHE(e,, >6.,)T 2T F
AAZ A7 FErE Hel o3k GPRY B-scan BAF
%44 FDIDE Ko ALet Aoty T8 7e4] A7k
Aoz FalohA wed 209 A HEs & 5 9
o} s 9F 10 nsol A RS o] F e A djee s
A oole AREHE 7FoE S viElghe o & Al
EEHAA dAtE mro] i, YA o sl oF 15 ns
Hold RS 2 A e 3 Ul sigey &
oA gt Sadkal Aiolth & &9 FAATL

o) oS FUMAL e WA e R At

obxl a3E
2, 42797t He B A & AFe] AR
7] Wzolth. Z2-H, 18 3l 5712 A4
Aol el kst shetel A vebd F A=A
I 2" 714 & e F A e =4
el A & Ao ole AA7)et A4
& oA W2 v AR JARgE A5k vtz &
Ago] W2 oM =2 a2 Yrbste A5 wt
[e)

AHAIRE] $17e] 180k AFol7F 1p7] wiEolth

S

o
2
>
N
)
lo
O
o3
o
o
=
i
[o T
i

) o(Eo o

A

N

ro

-

A

A o S U S 1T
LT
lo oX o

L
oo

H



Lossless
l' N

_» Dielectric-

Filled Pipe

Delay Time ¢ [ns]

Homogeneous Soil

1 15 2 25 3 s 4
Antenna Position x [m]

(@ €,,=6

3
x 10

Lossless

PXY

o . Dielectric-

Filled Pipe

Delay Time ¢ [ns]

Homogeneous Soil

1 15 2 25 3 35 4
Antenna Position x [m]

() €,,=8

3
x 10

Lossless d
Dielectric
Pipe

Delay Time ¢ [ns]

Homogeneous Soil

1 15 2 25 3 35 4
Antenna Position x [m]
© €,=10
a8 7. A AN, =R B FA(, >

ers)i AR Fep2E #e] Bscan 973

Fig. 7. B-scan images of plastic pipes filled with dielectric
materials of higher permittivity(e,, > €,) than back-
ground(e, ;= 5).

Qg 4% GAE A% AshgAtalolnt A5 BAol B AT

0 T T T 1) T T
............ &r=6
5 Specular - —-&p=8 g
— Background | Specular ~
Soil i Wave
=5
i
= 10} i
£ D=20cm
')
£
= 15+ Lossless T
Dielectric -Filled
Plastic Pipe
(€,)
20 - s
25 1 1 1
-2 -1 0 1 2 3 4 5 6

Received Eleectric Field [mV/m]

a3 8. 1% 74 =25 m AZNM FANZ Y7 =
Bag B o deka AR 54 9

Fig. 8. Recelved waveform of electric fields scattered by
the dielectric-filled plastic pipes at =25 m in
Fig. 7.

Q
=2
>
o]-)v
FZ
o
-0,
fuj

eI LFe] 9127} =25 m A & ol A
cw REES FZ3t0] A AA 7k} A
AL 19 83 vk 11 8ol A

] RIASEI R R
3l ksl Mtk 2AJo] AulE A E S

o i
o éﬁﬁﬁﬂﬂ
lo g fEorob
fu
r8
2
o
-l
Sy
N

to rE LM [

oo Jfg oX

.

¥
%0
o

mz &

GPRE o] §-3tef Aatd] e Eebn
=48 "x]zs]]"*oi ARt ] A
APA Qo) G748 Wl w2 GPR A
& FDTD 6]]/“& Ast, ok 22 27k
F AT (1) B AFe] S7keAY
A G =L4E H At BHE
u}/\}»}g} = o) 9.%%01] o S kAL

A

Eu
rJ
1o,

N
—_

it EI]H.I

fo, &
B g
By 2

°

i
o,
r = X

=
LA

of
10 Mo g
l"N' HO m[O
Mo

Bl oo 2 ox

47



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 28, no. 1, Jan. 2017.

o AN B T JRE Fobd 5 USR]
o B QA As AR AL FEA, MY, FUE
Hgago, A Ase £4, B, H2Y 54 2
© AS7h BT Ase £4, B4, @dyel 7
2 wjazo] o3 AekolE GRRE 218 A58 A7)E
FAM s, FANE o) 5o] As) A4 A3tet
AZAR §4E stefetr] oJ#91d Aelth. o= Qstel
WA e B4 B4 sepe ohe) waw A

o 94 7}—;;*45 AR obd Aolth & thod

FDTD a4 54 A8S 3 st

= -@@ w202 ANT olt

o 2
X

r
£ o o

References

(1] FEXLFH, FEAY R 53 DBTHAY, =714
W H - DBAIE, https:/www.geoinfo.or.kr

[2] D. J. Daniels, D. J. Gunton, and H. F. Scott, "Introduc-
tion to subsurface radar", IEE Proc., vol. 135, Pt. F, vol.
4, pp. 278-320, Aug. 1988.

[3] D. J. Daniel, Ground Penetrating Radar, 2nd ed. London:
IEE, 2004.

[4] 829, AAE, "Bx A% Wy AAE 99
FHsH B Holr o] A& 74 HE: FDID &
AN Ay FA", d=AATHLE=EA, 13(8),
pp. 790-796, 200217 9.

(

42p)
20083 8Y: I H A %

‘ L )
Al 19973 39~2008'd 8Y: =87 |&d

79 vt AT AE ST
2001 5€~2003 10¥: (F)2A B AEHA FAATA
#9749

48

5] £, 244, 85, DA, A% 94 Aol E
o188 FHYA P AT, FHAAT N =

3}
, 14(6), pp. 616-624, 20033 6.
A5, AAE, "Ast "BAF Hloln F/dol M A&t
44 ZeH ArS A% 2f 7N A5 A,
Skt 7 23} 8} 3] =7 4], 23(11), pp. 1307-1314, 2012

=
pot X,

o4, "TE F314 % B

x

TR A", gk 2}k ek 3] =1 A, 23(12), pp. 1412-
1415, 20124 12¢¥

[8] @54, AA, "UH@_J?% TH A 3F gAE A
Al GAL glojrke] oA, g 2pute s =
2], 27(2), pp. 131-137, 20163 2.

[9] A. Taflove, S. C. Hagness, Computational Electrodyna-
mics: The Finite-Difference Time-Domain Method, 3rd
Ed. Boston, MA: Artech House, 2005.

[10] J. A. Roden, S. D. Gedney, "Convolution PML(CPML):
an efficient FDTD implementation of the CFS-PML for
arbitrary media", Microw. Opt. Technol. Lett., vol. 27,
no. 5, pp. 334-339, Dec. 2000.

[11] D. E. Barrick, "A note on scattering from dielectric
bodies by the modified geometrical optics method",
IEEE Trans. Antennas Propagat., vol. 16, no. 2, pp.
275-277, Mar. 1968.

20039 11¥~2006 29¥: LGAZKF) HRAEojZg}o]ol~
Ta AYATY

2009 7€~20119 6Y: (F)oldAAY o g FAALL H<
SRl

2008'd 99 ~2012d 2¢: =AY vt oA+
AlE] Post-doctor

2012 3€~A: AFHtL A7 AAFAAFEH TSR F
A

[F A ZOH BN e}, 23 G443} 71/, AsEA
golth Al&", Fep2np 2 A|LFH



