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A New Method of Estimating the Buried Location and Extracting
Approximate Image of Underground Structures
using Ground Penetrating Radar
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Abstract

A new ground penetrating radar imaging method for the estimation of buried artificial structures
location and their approximate shapes in dispersive lossy ground is investigated. Fundamental idea
is based on estimating delayed time and amplitude retrieval coefficients from scattered signals by
buried scatterers. Using absolute value integration at each scanning site not only improves the
accuracy of measured scattered signal, but also offers convenient ways to extract the image of buried
structures, Multi-term Debye model was employed to describe a dispersive and lossy ground medium.
We used the finite difference {ime domain method to discretize the wave equation in continuous
form into the machine suitable form. This imaging method uses a new wave path tracing techinique
in time domain, which is helpful to identify the exact position of buried structures against the ground
surface fluctuations.

ILME S-S R9A wAL A% F2E vy
AL BAA A% A FEES AR AR s, A
218 @AM o]t (Ground Penetrating Radar) Fex], Bud 228 AA §F 1 3§ ot 34

Loy BopolN A4 g4u7 ot Y3}, o] A5 GAME Folths A} w4

TE @7 FYAFATAR 7|1RA7Y 47 AYA Y FAHUS(HANE ADD-98-2-3)
%T—Ht} AR} - A7) 82 (Dept. of Electronics, Kyungpook National University)
B il 3o 991224-120

ZFARIA ¢ 20009 39 10¥

~i¥ rir ol iz

565



RERHEPRRRIGE £ 1% B4 3% 20005 6A

B F2E7AY 2ol 72EE A BYAA
Feohe WL 2T YT B ERAAE A3
38 ¥k 2 3N AL izl Ak

R ol B AR 24 ol9IA 2

l% %ﬂ—‘& —’5— Eﬂ@‘ﬂl/ﬁ WA }% FHEL
7b Ask i FRE WAlE] £ EUE 5
ot o7 7&-4 AAAZE B 37 EQASF £
Atk & - $£A HUEE bow-tie GEIVE AL
aHon, -{g—{;z}g 1Hd el Fo] FL Iy
P22 BE7] 98 SeHY $4F § FEe AL
2 947 728 A}%EPﬁt}m. A3} e} F
o @l ©E B 2 &4 BAE U] 9
3 ©33} Debye Rdo] AMEHAULH, 25%, 5%,
23 10 %9 FEFFF vt maPaag

Holth 4 o] wE FAZAM Y FFNS
o F&& HsA EHA HE(Absolute value
integration) " & A&, o WAL ovA
E4E A3 An H2FA g Fe dd F8%
AEE et w4 FREY A g ojn)A] &
AL g AN NE F7] BYAF 2=
WRELAX(Weighted Fourier Transform based on
RELAXation method) & AH&aD. wix
go2 B ALFES ol&F il F2E9 A}
olm]z2] £ WS AT FAATEY 32
% oA EYE AT EE R H¥ds
FDTD W< AH3Idh &4 #AA ZAde=Zs
Agel A= ¢A A5 (PML: Perfectly Matched
Layer)& AM3I%Y, At Me Eato o] ojg
44 A= (DPML: PML for Dispersive media)<
A8 STHE

1. X5} oh&ol chst FDTD

LN

2-1 X5t ohE2| CI3 Debye =24

A AL FAF o gy M2 OE B
AR A EAS el B =EqAME A E)
o BYHS Y3 o2y SRR B gl A2
Foldt ge}vlelE Z+ v Debye REE AMS-3}
At 53 Fu5 @4 e Debye BdA S

rulo

566

chest 2k

r(w)_ Eoo+X((U) + (].a)

](l)E

W)= 2 (e,—e)/Atjar)  (Ib)

714 gF ARTL FAEAL e,F oF
2tz Ao A ] vlGAEH AEEolth e ¢,
= Fo47t Fad We} DCY W9 vlFA &0
2, r,= A IHY o]¢ AlZHrelaxation time)
ojt}, o] o Fe& ZAFOEMN vjF A7H BA
< WA F Sled, I dde I gd2Al
(Polynomial approximation) ¥} fAlsit}, 2 =
TAME 4 (1a)9 H]“TT\_E‘E T FoF g
DC~1GHzolMY AFA FA&R 237 A4
N=22 =" Ag8 st WA gevgst
E 19 FoA Utk

Ast mjAgM AA ZHre Ad Ur7he] B
AE v 2

D(1) = o B+ | "EG— M) 2( ) dA
@)

A7IA x(A)e 4 (Ib)d] FAA Qih. D" =
Dndt)$t E* = E(nd)d] E718E A48
M A 2)F oMY 2A AU

ndt
D" = ene,E" + & fo E(ndt— A)x(A)dA
(3)

2 (2)¢F )X ES} x= AZFEYGAMY A
H2 M4 (Convolution) 28], o2 A AArsA =w

1 29 A3 AHEE thd Debye 29 sheim|E]
Table 1. Multi-term Debye model parameters in
computer simulation.

. [} Ty 4]
Moist .
osturey € (mS/m) R (nsec) | (nsec)

25% | 320 0397 | 395} 350 271 | 0.108
50% | 415 111 59 | 475§ 379 { 0151
100% | 600 | 2.00 875 | 6.75 | 398 { 0251




A3t FAHE Holthg o &8 Aot FxEY AR Hopy H JA} ofwiA| £

3 A7t 2 AFE W2 AHEPo| Z7Ha o
A% AL BYsy] g5 HPAW uE gusa
(Piecewise Linear Recursive Convolution) o]
ALHAH AN uE AU2AL o) 88 H
% 9t A7 A AGAL ofg el 2t

Dn+1_Dn= E(){Eoo"" gl(xg _ Eg)}En+1
+eo( gléf — em)E” — & gx v (4a)

q,-;:= ’ZO{En—mAx;n_i__ (En-m—l __En—m)

- A&7} (4b)
(m+1)4t m
X;’nz fmdt Xp(A)dA, &
1 (m+1)at
=57 Jpny (A maDx(A)dA (4

, AXp = Xp _Xp+l o]y, AEp = E;”"'

m‘“o][;]-

4 (b AZIGelM e AEFAol7]e AN
A &g AP o|F 2y Yad W
()9 FEo] quHEF S o4 Wy Fi
(Recursive summation) ZI1#FE AHEE4T 4
(4da) & WA A o] o Yo FL35iw of
o] FDTD &@2lo] Aot}

clfec- B4

ntl —
E.|l SXipie= 2%,

n ”
“E ) Bt gl ol Frrzik

1 +1/2
iz eea—H L WA i1
+1/2 A 172
+Hy | ilse-12— HyV il ee12]} (50

ﬁ}sﬁ aAt)

“Ey| Dt 2 oy | Liviza

Byl "ilpie= [(

+172
{H T e — He | 57 1
+172 +172

+H, B e — He | B2 1.4]) (5b)

E,| !Tk1p="C {( ﬁ'Eﬂ oAt)

26[)

“E it gl ol Likv1iz

At +1/2 n+1/2
+t 2 [H, | e iene— Hy | Filaiavie

+1/2 +1/2
+H, | P2 e — Hel B 1)) (50)

g C,= l/[eoo + 21(7‘9’ - E‘})+0At/250]
oltt, A& FDTD WA 33 &7z F7HE:
£ rE, B =M E o =2ax=2ay=A2
Z 59 128 Z Couwrant SHAZ AL WHEFHLE
at<a/V3cZ B4

2-2 & BA=U

B =RdMe AW A9 Asiudel 5 AA
Z274¢ A= 924 st A 9= PMLE M3t
A2, AstAolAE DPMLS AH:stgc) &

A= DPMLY #E=3445He 7hes] AlAlstgo
& N7+ Aol A48 &% & EA (Stretched
coordinate) 14 9] W2 WAL ol g} 2}

V,XE= —juB (6a)
VX H = ¢E+ joD
=l 9 51 .9 51 9
V= * s, ox ysy 6‘y+zsz 9z
(6b)

Sx, Sy, 5. T FHT FTHHY & HR AFE

Ueie, 83 7o) B,

Si(i) = S;’o(i)[l -+
(7

4 MAA s, 0,(i)E HE (9 AHW
A 4 gengo g™ A3 4#<) DPML #
ANE g3t 2o,

xy‘ z+1/2 N Ca(y)[cb(y)Exy I z"l+l/2.i.k
_Eo_ ) "
Y ﬁ: Phs 71 glg“""

nt1/2 1
ny l i+1/2.5,k + Sy00

567



BETHARRLE F 11 £ B 4% 20004 6A

+1/2 _1/2
(H A Hevae— He 7+1/2,j—1,2,k)]

(8a)
A .
Fp = ppity ——:‘O’iE, (8b)
U= (A — 0 E)EL+aEEF!
+e Mgt (8c)
D= (82— AE)E; + 6 EE!
+e-A:/r,Q,;i_i1 (8d)
sxp =+ A=+
(8e)
4, C,(m) = 1/{60 Ewt gl(Xp_Eg))
1, Om)\, 0
(At+ 250)+2 ,m—x,y,z,

A ®)AA olRHA % j& AT x, v, 2
FE YehlH, i#jolth A% 4Ee DPML #
AYE 53 2o

Ho #0y
Hy | z"f;r+1/12/2,/e+1/2 = Da(Y){( N 2¢, )
-172
7 R [t
1
S B (E:| fjs10+12— E. | Zj,k+1/2)}
(9)

&, D(m) = 1/(%+—“%), m=xy,z
oltt.

A (9)F (9N AT A D A4 HEE
Quizel #4 HEA /LS EPMLEE 34
3 $Y8H, B =RqNE Agsian”

M. Xj5} BIARZ 3lojcte| SAHz
3-1 aoictel 7+

568

=RAA AHLE A FREY B FAE
= a9 13 20 & 547 40z FAH ol
U7l AR 7402 AR 9 w4 (Scan) Bk,
AL S B 713 §emolT, AW doltt o)
AgE dcmol®, 7+ &4 AFINY E3 AQ A
e 210nsec ot 2T - 4 gEHe F
AF 7+ A== 20cmeol

39 194 eI - 54 B BE xou
olnl, 72 Eo| x WET 17 FPY dejon
zNAge Ayt B0 Bg s FEREY v
MKy MR 0 EE o 3 we] gANoE 99X ot
sto] 7hsel) B ERoNE WA 72ES I
HEES 27] 9% dolt v FFe Agage
W, B9} 4YL 72EY JY AR WA o]F
CF-1=3

29 2k 4 54 QHU RO A )

T ujE FREY AL
Fig. 1. GPR scan for a buried artificial structure,

/———- 2000

10| 8 +V —

L;Zcm

8cm \Zcm

22 cm

T2 2. AF o) AHEE bow-tie UENE FE
Fig. 2. Bow-tie antenna structure using resistor
loading technique,



At GAE Holthe o848 A F2ES A Aoty R 24 olvlA] F&4

U= bow-tie® A El ol B2 fF WAt £
87] gEolth Igdx FHge $A H2E o

3 ¢El F=2 2 2 RELS X%"%‘(Resistor)
Z FoAALH, A Y

g ALt £ Atz J-“r’- il
°o}7) A} AW W AAY A FE
L2 A9 ARG gElvel @fst A%
& A FES 249 $U4 W Q=S
(coding) € 3F%th Elhsh fAd ol F9f
E 7Z2E 299 Ad AA7 AHEHA

ook
[
U e

o

3-2 NEAZ B ¢E

o

149 19 #2AA &
e a3 2o

2= AR (V)
1 AL (V)

¥ AGA A g AR (V)
*RE Y B AR (V)

Ade 23] HatA FX A WA A7H
Aol g4 AR 7stA o, A ¢
ks '}}%/}li—‘e o2 el A% 2AH F&0] 7}
S wA Asje] AeAE gl W F A

€ Vyolat stz 24347t 3& B9 § #4
AZE Ve 8, FRAE Ve

A7Nel frldE A8 F

* S04
*

p|

Vi=Vp—Vy (10)

¢zt

A8 V.E Q7 A Vpd V,p FEAY
Astef A2 71 543 AEH 2F0] FUH o}
o A9 HZ2AL UEFHABR VuHd Vepd
5L §Y A9l gis g ot F, V9l
54 S AsiME Al FRES AYHE Eoluiok
4 AriteH, ole A BAME Holrte &3
of BHHA Ge Aot AP EARS BE
&7 f8 £ =8AXe Ad 2 o A A4
A gslol: g rHeE RS AENE F20
€ AR $AU57} 7H-A1 B2 (Gaussian
Pulse)Ql 7% #lojve}l A 248} Aol mata
FAJZY "R HE ZA7 g 1 AR

ﬂ?‘« -'IN A

8

= 7 o]
F )
[+ o
5
S 6f o
g
51l
(o] OO
Oo (o]
4 L . L
0 30 60 90 12€

Radar Scan Distance [cm]

. FANE S Fojtk B4 o wE HA
4% 23

Fig. 3. ABS value integration result for received

signal at some different radar scanning

positions,

[
]
[F%]

A3 AR S Folt 7+ At M kg
o HoiEe, P E o HARS 7HAT o) o
£33 fA} AHHA 3 (Pseudo-scattered field) o #2&
e e 2ok 5 A6 gsie 2z g
oltt g4 AHM FANZE y,(t), 4 H
X AERE F HY FANZE yo ()T 3

é

B, A AR E Y (ID2FY #2394,

Viewso(t) = 9:(£) = Yumin () an

Viedo()E B 35 o g A0EHe &
A AR Fol O 38 £ T3] 5% A
& 20cmoll W E N E 8cm TA TojZo] 3t
A AR Aol IPA ol WA 3
ojx e} Azt VA ke doltk ¥4 A=A
68 cmA oMo HEAR7 7MY AA et

I8 4= 4] (1000 o3 Ass} 4 (11)9)
ot fAF AbgAlE Y vl Tfoltt Qs Mt
HojX) 7} 100V, BAZ o] 35nsecd] 7F¢AISH A
olty, I1¥olA 8nsec 7HA= F A&7}t A9 FA
atoh, 53] 12 whAbR 7L X8 9l Snsec B2
qAE F A37 H% & AT LS ¢ F
A}, OB A FEA) 13} {HAbEThe] ALEE T wat
A MEA AL FARIRAE 22U ALY

569



SETHABRAIGE £ 11 £ F 4] 2000F 68

80

—————— Scattered signal
——— Pseudo-scattered signal
40 |

Signal amplitude {mV/m}
o

40 L

Source Voitage {Gaussian Pulse)

0, 5 10 15 20 2
Delay time [nsec]
T 4 AFATe fAF T35 vl
Fig. 4. The comparison result of scattered signal
with pseudo-scattered signal.
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Fig. 7. The difference of delayed time versus some
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