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The Detection Method of a Target Position above a Ground Medium
using the Buried Antenna
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Abstract

This paper presents the extraction scheme of the scattered waves by a target above the ground using the buried
antenna in a lossy and dispersive medium. The half wave dipole antennas are used to transmit and to receive
a signal. The transmission line model as a feeding model is considered to take into account the effect of
transmission line in a real system. The ground is modeled by the 2nd order Debye approximation with the
dispersion and loss. PLRC algorithm and DPML as absorbing boundary condition are utilized to apply the 2nd
order Debye approximation to FDTD.

To extract the scattered wave, in addition, we employed the delay time extraction algorithm. The simulations
are conducted to observe the variation of magnitude in scattered wave and detection of target position according
to the change of moisture content of the lossy medium.
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Fig. 1. Two dipole antennas in module.
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Fig 2. (a) The equivalent feeding model of the
transmitter
(b) The equivalent feeding model of the
receiver.
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Table 1. Medium parameters according to moisture content.

$F12% $£43% 20015 61

FEIF € o (ms/m) A, A, 7, (nsec) 75 (nsec)
2.5% 3.20 0.397 0.75 0.30 2.71 0.108
5% 4.15 1.11 1.80 0.60 3.79 0.151
10% 6.00 2.00 2.75 0.75 3.98 0.251

£ 19 A& EVUE EY @ A4 &
AAgelth. &4 Ao AA A= A& 2
=749 Fuig QoA FAE 4 (Sa)% Zoh
4 (5b)g A9y #AKSE WESH
i)

D(t) =e(t)*E(¢) M

o 714 ()= AYFHA(Convolution)elt}. 11 4 ¢
e

A(2)* B(t) = fO'A(t—r)B(r)dr

- fO'A(r)B(t—r)dr @®)

oAt A ()2 ABAA) HoE WIH F oF
4 (el hYsA st 2ok

D(t) = g€ E() + & glxp(t)*E(t) ©)

4 @NN (D X,(0)9 A7 G40
o 4 (o] 2348 Debye B A4S H 43T
o 2lo] dej

D(1) = gpe E(t) + o, (£) * E(2)
+ goxz (1) % E(¢) (10)

A (10NN 7 (8) = Ae )L, x(t)=
Ase "PolTh. 4 (10)9) ARZNE AY AXIA
98, $9A7 2 AFE R2E ALFo) 219
t}. o] §RE B3l Y8 MY P e Ay
R AEBYL, o8 0188 A& PEY AV

5

524

Dn_Dn—I — eoew(E”—E”_l)
+e( XU+ XDE + (£ + (P(E" - E™)
—g(FI 1+ Fi Y (11a)

Fi=(4X1—4¢DE"+ ag1E™!
e Wrnpnl (11b)
F2 = (4X3— AtDE"+ 4¢)E" !

+e Mnppt (11¢)

X = fomX(r)dr (11d)
1 a4t

=2 Js tX(0) dr (11e)

AX =X - X'=(1—-e7) X" (19

=0-t=(1—-e?¢ (11g)

o)t} 4 (1008 4] @b)o] A&shd e e
AR fEREAE 9+ Uk

9 -1
E 1m0 = C:, E i1k

&o n— n—
T, {Fulitlzie® Fal i)

-1/ ~1/2
+ 1 ({Hzlrx"+1;2.i+1/2.le—Hz|r;+1;2.j—1/2.k}

~1z ~1/2
4C {H NV v = HOVEAR s a1}
' (12a)
C -1
E % v = C” E i
m
+ €o F |nﬁl + F |n—1
{Fuliitiee ol it 12,8}
atC,,
—12 ~1/2
+ _A_lé_ {Hxl ':'_/'+/11/§,/2+1/2 —H, ’:‘,j+/b/%,le—1/2}
* It
m \ = {H e y2.0 = Hl 103 41,8
(12b)



” n n—1
E k1 E k1
m

[ —
+ aiC., {F ez + Folihe)

+ ( {H, z+1/12//k+1/2 HJ'ﬁi%{/e—l/z})
AC”’ {H 5 e 12 — Hal 55200 00 12}
(120)

7] A

Cu= e+ (XT+ XD — (83 +ED}+ 2

Co= T {ea— (214t} —-F

-

7

4=
Az

ojtt. 21X 4% ATFY FEAEH
gAAA F7HEE dHth E =EAA
dx=dy= JzE F{t 18] Courant

L NENTE M<A/VICE AFHRTL, C

gxojth B =FoM ASE A AT
Fopo] gel7)dl, &4 WAgM Y 2 A
ARE AYY FRARA S IUE AES
2=

=

A

o

rlr r£ rlr

> 2 N

_,44‘_12:‘1

2 rlo

32 & BAZzH

Mjob

19 4= xRtk AW s GPMLE A4
3R, A3v)dol= DPMLE AME-31Sith ALEE
GPML® =343 DPMLY 32 Akt
o @x GPMLY $EAAe] A7k dtE Ay

o Target

J8 4. g7z
Fig. 4. The analysis structure.

Aot A FelE ol A%

EEEIRE T

m
Jg
o3
Y é
P
=

Aok e’“”-‘ﬂ AT &0 }‘]'o
(stretched coordinate)ol] A Maxwell ¥} 2.2 o}z ¢}
2t

— __0B
V. XE= 7 (13a)
voxH=-20 4 o8 (13b)
o 7]14
=1 9o .1 _ 4 , 1 9
Vs = S, 3z T oy T azolz’
=1+ (p=xy 90tk ¢,% o 7

]a)e
7 PML3 sy &401H, oSS Fuise B
29 AYFFE TAV 4 (102 4 (130)9) o
A F, ¥ A R 4 28, § (147} 7
shach

1 0H, 1 0H,

s, 9y s, 0z

L {ereaE( D) +en (D * E(2)

+ (Y *E. (D} + 0E, (1) (14)
A (1498 A9 f348y0 AY Heste

2B 4 (1359 x4 o
& Maxwell Ao E& 2 Z2(split field
formulation)-&

SR 28 FH A58 42 BeH 2

1 0H, 3D,

s, 9y = ot + oE,, (15a)
_ 1. 90H, 9D,

s oz ot + oE,, (15b)

4 (152)8 4 (15b)F 247 A FIAEH
of 44N & 7% E, % E.E ¥5W E. &
T 4 3tk 4 (152)¢ Ay s

o H, oD
=585, +s,0E,

525



BETHEPERNGE $12% H45% 2001F 65

oD
=(1+_'£¥F) == +(1+

ny +0E,+

](060 )

4 (6)) B2g 49 2 48
B Agste] ARG HRAES
3 o,

Cy

xy‘ i+1/2,j,k — C xyl 1+1/2/k
m

& -1 -1
+ a:C, (Fiol i51m0+ Fogl i)

Oy -1 -1
C. (Gl ikt Gol iri.ia)

1 n
+ _E; ny' :+}/%;k

+ —{H |3 v e — HA "R 1)
(17a)
F il iipse= (4X}— 4¢HE"
+ Ag?En_l + e—At/rlF zxyl 1+l/2 ik (17b)
G il Tipje= (4X §— 48 HE™

+ (?En_l + e_At/“G zxyl 1+l/2 ok (17C)
4t
X0= fo x:(z) dr (17d)
0_ _1— at
;x - At rx,-(l‘) dr (176)

aX°% = X° X'=(1—-e “"™x? (179)

480 =0~ gl =(1-e )¢ (17g)
AX =X+ X =(1+e XY (17h)
0=+ = +e g (7
n— oo, 4t " .

= Pyl i+};§,;’,k_ eyo El i (A7)

o 7}A,
C,= ( Tt + oy)

Hew T (XTHXD - (D) + 2

526

o

Co= 2 {ew— (L4 ED)

= o, {eat (L} + D)~

olth T o) the DPMLY %] o) A7k
FRARYE SUH 92 & gonz B k¥
ANE B DPMLYNAS] Aol ol g A
RYY FEALY EG FUY BEE ARA
% gtk

prav

mlo

53 ¢ag

iy

N. XHAZ

% 49 F2AA e 20] FrHE A5
ZHE O $A/194 2E H4s), @ A9 WA,
® £4 433, 191 @ 78 F$ 457 Ak
Ade) 33 4Et BE Wsv QoI e
& ol AN HAIY TALY —’F"‘Ol 7

Foth A A BH o] §l& 9 {719 I E
Spolt 81, EHo| »l~ 9 {715 ’di% S
2 3E, A S,

S,~5-S, ' (18)

7} Btk B EE 472N FHUE Y A A
o 4nde) sage) gtk B EH] g

A%o] 718 A3E AW 23 W A
o, ARl 279 At glow A 9@e A
E7h 448 2eu £70] o)A I BHo]
g% B 71E Asel AR gt e
3 % N3e A8 FHOE A AINEE

e 7 I
V. ASRE U SR B
51 23 I A

a4 5& AAF o2 3k 2314 9
*—'HLZOIE} 9] Hzl— mfjAe FAZEE 14
(30 cm) %l°l°ﬂ wjAdslo} ek 182 4 A S
2 WMo gHE 11 (30 cm) AF ¢ gt} T
T AAFY ) AFE1A0)7, | GHz gyx



PML

14

—

PEC strip

8 5. 249 a1z
Fig. 5. The 2-D analysis structure.

T v T
4.0
%—“0,0— .“"N~0000+““.
é E"*“oo-o-o-.oooa-o-*'.'?l -
i< 3
g Current density
8 «—— Amplitude : PLRC
4.0 = Real: PLRC
Iimag : PLRC T
Ampiitude : Yee modet
Real : Yee model
Imag : Yee model
8.0 1 | 1
-0.8 -0.4 0.8

0.0 0.4
Point of strip {/lambdal

8 6. Yee 293} PLRC 29 vl
Fig. 6. Comparison between the Yee model and
the PLRC model.

BrE AL B =R E 19 59 22E
Yee 29 % PLRC 24 1387 EHERMOM :
Method Of Moment)& ©])-&3te TA}o] S7]5&
ARLEEE ZAUES E3M ARG 3= 1
g6 9 1g 734 7ok

19 6914 Yee 93 PLRC 2d9 A% = A

A% Y JUUE ol88 A4 BAe Aot 7]y

39 23

| L
b ‘\&ﬁ hd

hhl T PASEpsepe S
P Sy v )

‘.

rir

SdF o AN F dAFS &

g

70
§°

o
S
T

G ear,

Curren t density

Current density{A/m]

— Amplitude : MOM

&
£
T

- = = Real:MOM

=== imaginaryReal : MOM
—@— Amplitude : PLRC

- ._ Real: PLRC
~@- imaginaryReal : PLRC

80 . 1 N 1 . 1 N
08 04 04 08

Point of stroi'op [fambda}

J8 7. PRLC 293} BHEW vy

Fig. 7. Comparison between the PLRC model and
the MOM.

AL % Ut EF 1Y TN BAEYS o]
814 Zsjsk PLRC 29€ ol 88 S| 427 Ael
FARE FAT % Utk o ABE ¥Rz B
EBANE QA T2 HEE 19 49 722
PLRCEY S ol43fe] RojAgsieich

52 3 X oA

2 =29 472 E 19 49 2ok ol 93
9 229 T2 Y9 49 Heot. &AW A
37199 ZAZRE ol 30 cm N Fd) QteL}r}
Aol itk 183 AAZEE 20 om Eo]9
715 BFo] A& FRolth Y F4Alg 9
A 2% B9 xd T lon, 549 £
A2 y& M ST dA 3T mH L
%S WA o|FETh I3 I 48 T,
39 FAE vepdth A48 248 7 Wy 2
o7t FAFTE e 209 Ay dHEH
B2 AR 9714 B A)E 30 emolT}. FA
< FTAFHLE W2 A FAE e
FALAE AL FASET, 29 5o 4Y 2
270 Yehd gk

A 271, Ant, oA I¥ 89 A3} wAlE

527



SEBHMASERNE H12% $45% 20015 68

20

Feeding Voltage |V]

40

C 20 Il N Il 1 I

Time [nsec]
J8 8. #zxg kAt dY g
Fig. 8. M modulated Gaussian pulse.

(A) ZXo| gle &9 A MY

peek voltage : 2.810 [mV]

(B) ExXo| A AT F Y

peek voltage : 3.316 [mV]

N ) L ) L 1 L )
00 50 10.0 15.0 20.0

Time {nsec]

28 9. ¥ EAfF BE s43%Y Wz
(To= x0)
Fig. 9. Received voltages for presence and

absence of a target( Ty = x;).

Aol o} gy, 283 1 9 o8 FEol Ant,
Z Ant, o FABT $4 119 49 72N =

Ho| gle F2AAM ZALEE st S5, & L=
Soe EE A%el W@ JiE A3 A% O F

r

528

L

T =3 otelLtzl Hal : o fem]

(A) Ant 1 - peek Voltage : 3.538 [mV]
recleved time : 8.091 [nsec]

(B) Ant 2 - peek voitage : 2.605 [mV]
recieved time : 8.500 [nsec]

(B)

3 " 1 It I} 2 i " i
00 50 10.0 150 200
Time [nsec}]

38 10. Ty= %9 o, $LAZl $48 W55
Fig. 10. The received signals at the same time
( Tg = XO).

W ol SHEABS EF 55 AL, 15 A
QAT 22 FTAES el 4B S

9] *ﬂﬂﬂa}“ 3 o]t

dgold Moz EAE A7t §A50)4,
ANog BAH NF7 SAFolt} o] F ASE
AN 2 G2 F HAEAA 7+ Adsrt

19 100] vert ok I8 102 S4AE Y 57
$HeFo] 2.5 %o|1, ¥H 9 F4lo] ¢y AlAH 9
FA3 38 At 44 B9 Aol

I¥ 102RE F ey $48 435749 A
b8 Zo| 2 A olE FAE F Utk
19 11 £3AY7 34 (90 em)d wof oA
g ZAztolth. I¢ 103} 19 119 AHE o] &3td
Ex{g] tﬂq@o} _?,];‘q 24};]_9,} o]E\i]—?’ﬂ:oﬂ nHi]— 24
BE J& & 3k Ant; 9 A 19 109 FFHA
Aok 3538 mVoly, 1Y 89 HFR ALY
0.061 mvolth = 13 109 A$7} Qrelviel %8
v Azt Ave AL ¢ ¢ Aok =2F 47
9] %o} Ant; 3 Ant, o FFA AGTH HFA



(A)

A B} o LEZE A 2| : 90 [em]
(A) Ant 1 - peek voltage :0.061 [mV]
received time : 11.068 [nsec]
(B) Ant 2 - peek voltage :0.073 [mV]
received time : 10.886 [nsec]

L i " 1 N 1 i L
0.0 5.0 10.0 15.0 20.0
Time [nsec]

A8 1. Ty=x+31Y o, SN $AE
NS E
Fig. 11. The received signals at the same time

(T0=JCO+3/1)

o] FAAZHE HHEE T o
At 19 109 237t 48 F 138 119 23
7b FAEHRAGHE, Ant, 8 FAAZR] FHolx T
HAFA7E Ant, o HE AR A & Qi) o)
T E34°] Ant,° O 7t7te] A€ UeRdT &
#o] Ant; oA Ant,20Z olEFI Y&
F Atk £ =FAN T, 8 & FAe=
cm)¥ S7HAAM BAHo| o]F stz HH|
Fotdoh & 29 19 12¢ 7 A9 o)
Aol AE Hnd Aol

THEE @& F

£ 2 T, st gE AN Ay FAN7Z

Ad by AHUE ol g3 A%

FEEIEEE T

®

©

B AVAY A"

0

HFE& T} obe| Lzt Hal wet
(A) distance : 0 [cm]

(B) distance : 30 [cm)

(C) distance : 60 [cm]

(D) distance : 90 {cm]

1 i 1 N 1 L i

00 50 10.0 15.0 20.0
Time [nsec]

J8 12, 249 94 Wzl & £AAY NIE
Fig. 12. Received voltage signals according to
change of a target position.

¥ 128 Ant, oA 48 ASES Y2
Atk A7t BoARel wely FAHRe il
FANEY Ade] AXE AT & vk weby
FANGE 7|1ENS Y v2Z F3 ol B3] ¢
HUZ HIsteA 2oAexE #ad 4+ gt

%29 A= 4 A9l h& Ant,; F Ant, oA
o] FAAZG E FAGE S v 23 Aot o] 2
FelA B Art BFFE Ant, 9 FANE
7b FAHE o] Zolx Y, FAA o] FojHE &
T Atk & =FdME FESFF G FAN

5
9 271 AL M To=x 4 o FEEF

i

Table 2. The peak voltage value and received time according to change of T5,.

To=1, Ty=1p+14 Ty=1+ 24 To= 10+ 34
FARG | EEAZL | FAAY | ERAT | ARG | EBAZ | £04% | 22AT
[mV] [nsec] [mV] [nsec] [mV] [nsec] [mV] [nsec]
Ant, 3.538 8.091 1.310 8.227 0.262 9.318 0.061 11.068
Ant, 2.605 8.500 1.523 8.500 0.326 9.295 0.073 10.886
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