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Abstract

This paper describes the development of the ground penetrating radar (GPR) system using UWB impulse radar with 48
Channel array. GPR is an effective alternative technology to resolve th disadvantages of metal detectors. Metal detectors have
a very low detection probability of non-metallic landmine and high false alarm rates caused by metallic materials under the
ground. In this paper, we use the mono-cycle pulse waveform with about 600 ps pulse width to obtain high resolution landmine
microwave images. In order to analyze performances of this system, we utilize indoor test facility that made up of rough sandy
loam which representative Korean soil. The mimic landmine models of metal/non-metal and anti-tank/anti-personnel landmines
buried in DMZ (demilitarized zone) of Korea are used to analyze the detection depth and the shape of the mines using microwave
image .
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Table 1. Unidentified minefields and removal time.

T HA (R m) AA7IZE (D)

7 29,983 375
HEA ol 29,370 367
EA ol 613 8

* 470 R (2470 R) 28, tithd 1A 870€)ell 207t m2 A7

St A4S T 7 A7) wizel olof disk tge] 7
& olFA L YA Fx vk F 1S el A A
of gt AHAA FA 2e7)7ro e,

1057 Hwo Zl:ﬂs o) g
Hahe] wjA A2 2§27} 60
g A7} 30740%S At g
Q7] wEo] =3 9 ZetaE] Ag wAd] g diu)
7t e

pach
[o
fr
f
=
A
=

mebd, S ARAA B 9RE FF S 2
o= dsE Nl L MR Avel ARNAA e
of HFA oz vulslo sk, W AiFrele] wAT
Qo e 71& 2 AP %S wAT F g ool
Hastalh depd B4 A9 B e A

F&/MEE A F g7t bse 145 AFHEA 7] A

ol was] 970

Hlgo] vt7] wio] A AAHez de /e 4 g
G e I R P R
Fo Bzl WA S3/ZeaE A2 @A) A9
wbssith md Boel 3% L A4 AR @
AR A wesh wg =e dAs zkegtd e

FAlske] A8t 14101] e =4 e

= AstgAtE ey %, Ground penetrating radar)7} 7}
uEo] At SeEa QP gy Alg F
ol whEl Mxjahe] wjd FIkgo] thE7] wiol,
w2 wet Aol "ol sHAlzE Y ole et
TAE 5371 f8 xFd g old(Ultra wideband
Radar)9] 71&S &S Fd9 AdFZgold] tisk
A77F Aaea epo

399 AEE Adste WS Fd9 FMCW d

)

H} A) 1]_ o] A~

—4

H 2~ (Impulse) @0t
FMCW dlojt] w22

Ao® FaFAEHS
FAA G o] & Zetth sHAIY
dst= A A7) FEol Eéi’,
ZE Y3 29 AIZHSweep time)o] &

il
2, 894 Sro Aoks etk YEA gl “J
j

1>

i ﬁ o
2

=

2z

o ;’f

_:1:‘ and
J1m 12 > > U

‘

’

12 N o pob S
>~
>
oo
ol
ol

2 %0 fol ot
i
tlo
N

ol

N

&

m
=
=
=
>
P
=
B
&Tl
>,
I
]o
N
T
o
10}
[
o

> @ o rlo |d
2

[ w8 fo 4y <4 ot 1x i

[
ox
oX.
N
= 4z
o
e 2
I
—_ o[r
o
ey
1“ <
N
e ya)
n
o
S
o
nj
op
oo

lﬂwwﬂ w4
A9 A 2

14
o
rlo
)
o 4
=
me
o
—
oX,
)
)
=

oN

o,
é
_I_4

i
L
2

M

o. A& 44 H =4

1. BRAE 24
FEL} Awel] Woldl AP, 54l

4 (3} o] AelsaL, AeuA

geolan® 2 o) pre 504, Py

=
I
o
i
dlo
4

to
e 4
>
©

nj
rﬂ
g
I
S

5 S L o), o go

g, 58w JeiAE, hs AW Ee] A
o, d A A Qo] N& FHAF, ki B2
g, T A2EREAS, SNR, a7 EE 24
NE R Gl st

(1766)



2016 128 ®MAtses| ==X H53d HM12= 5
Journal of The Institute of Electronics and Information Engineers Vol.53, NO.12, December 2016

Lm, Pr
Lant, P Loss Lant,
T Margin
Antenna” g Antenn;
Loss/ \ Loss
Lt, Ls,
Transmission Spreading
Coupling Loss
Loss La,
Material
Attenuation Lr
Target Loss Retransmission
Scattering Coupling
Loss Loss
a7 1. xesnolte tand 24 g
Fig. 1. Loss model analysis for ground penetrating radar
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Table 2. System specifications of GPR for Landmine

detection.
T Specifications H| a1
FARTFEE 20Vp-—p °©1%
Rt Ins ©]&t
A RS A T 10dB ©]a}
SHe Yol = -2dBi °]%¢
Al s g 00.0dB
EAETH 224 5 =5, HeE
ST S band W
ESER ARk AGE U E EY
S o
|Ble gt Vew fnst ook Deskiop Window belp =
N Ede | YDA 0B D

Received Power vs Mimimum detectable signal

== Received Power
— Mimimum detectable signal

Power (dBm)

1agl N N S S
11 02 03 04 05 05 07 08 09
Detection Depth (m)

33 2. XZEXE XHFI0|H EXAME AlEoM
Fig. 2. Detection depth simulation of GPR for Landmine

detection.

(AL, Lateral Resolution)© "2 v]Fd&o o)A
WA, gAY} 2 vfdEe] 2555 Fo}
Az 5A4L etk AgsdEs +4 4), U
= £ ()9} 2ol AAn® Pl or)4q e 3%
T, o 92Z 9 V.2 AEEE Yepdth 7y
W22 Inswd] 223 9 RYEY 7|FoRE A
e 2 Zrsidzrt 247 0.15m 2 023m 2 AL
A=

. _ D
Rres QB\/ZT 2\/5: (4)
AL~ (h+2d))\ _ (h+c;)V,Tp 5)



3. HEESA U HAHFREOIA 2M
H 20251 4=(PRF, Pulse Repetition Frequency)S
Agsl7] Qe ARESAS EAEoF 3, BE
'5‘]—X] 10—‘%—'8‘ %‘ﬂ Runamb[guuugg }\}\] (6 ] EO]T;]— ‘;—J‘. 2
94 A]%Eﬂo]}ﬂ 17']9—i Runambiguous"’]' Eok'/] A]—EH'PF@
S AE EA% 235 19 3o Helt) HAant
EFiprt mETE, 2WEEE FIAE e A
S zZteth A EYSAOA of rils IFEE
PRFE 40MHz= A%t ¢, & ol w5
2 7% PRFE 20MHzE WE S2ES A st
T cT
Runambiguous ~ I/r 27 9 \/767 ©)
.
4. A AL E 2 S
48214 9] wid JFx golgrt 2Eke wiAYS
(F2)& ¥ 4o Helt 48xdo] njdw Hko)
Cross-track #(B-scan Z)o|1l, 229 7jd dH~

Wit
[ =
) C R T D a
| Unsmblguious | ngnhrmpuru iy (PRE S0Mb)

T pne g s

" Om OB W oW M @R oE W o

(@) PRF 40MHz (b) PRF 20MHz

1%l 3. Unambiguous range2t Ati®M &
Fig. 3. Unambiguous range vs Relative permitivity.

Moving direction : 00km/h

A
W 5
N
2

/‘/gnit

#4 #3 #2 #
o2 distance
B-scan B-Scan
k
: | )
O CH. Impulse Radar |_
— C-Scan
C-Scan resolution
< 00cm

of olm A
= o=—

J7 4. 48xd i gdlojee A7 of7i4 &
Fig. 4. Scan mechanism of 48 Ch. array impulse radar.

XNZEXE 48:d HIE UWB HEL Flo|H 24 X|HED

(1768)

=13
=

{HIOI A AR 7 Hrz 9

aﬂ 0]1;{7]- Zlo] vk o 2
2 Aogr}. 4844
g o] o]EFshHA
(C-scan) o2 A 2|3t}
A-scan ¥ B-scan %E—L—
3 ALkt ojdl Np= 9
o} ##% DAC 2H49]
t}. B-scan §%% A-scan
H, A F74 N
H A5 Ad 4 7]‘5} "]ﬂoﬂ

XeN
=

O~

F4 (3t @l ]
dol] gl 7

= %i#"rxq 7H“r ]

¢

jﬂ
=

_L

o

=2
s o

o P

o
N

>
= w o

to oo
of
&

4 >
23

N
==

.
i}
g
o,

T

st

e Jo Ax e mx rlo
_llZi o ol

o

ox [

}Ol' rO

Ascan, . X M

Number of channel

Bsan,,, (Hz) = ®)

¥ Au] PRF AMHz 712, #407] A% s
26ps, Np 8192, N; 10017, M 3 59 AAZ 712

B-scan rateZ 10Hz (0.1s) o|Ate® & 3o
. St=ERI A Y &

482HH HHO:] UWB 01.1—1}\ gﬂ ] 1
Elolﬂi OPEﬂUr¢% TRX®

Qbate], Cross-
AT A7NE 4 H] k)
(Vivaldi) OJEﬂ A st} Cross-track WO 2 5
& 824 99E AWa7] A8, Down-track®th
o2 g2 Cross-track WaFe] WMES Zhe= 131
t}. A37)(Limiter) ] 3] EA|7tHL 11402
APl FAE] el Al
go] E7bsatth whebA QHEV F

b arEm, 2 e A A
e agfste] 26dB oldE FrAES

=Z0]

== 2}1%

E



2016 128 ®MAtses| ==X H53d HM12= 7
Journal of The Institute of Electronics and Information Engineers Vol.53, NO.12, December 2016

Trigger Meapare  Analyre Utities Helo 27 Oct 7013 B:40 PM

Top view image Side view image
of i8 channel of the selected channel

Dovm -k Down-track axis

A F
cao,g M" '

‘ Slgnal processing & Power module ‘

TRX module #1 TRX module #¢2 TRX module #3
Control Control Control
Module Module Module
o milmE e . 28 7. ins 0l3t, 20y, B REMOIZ ST
A A A A A A A A A ) .
B|[D | B 5D [oee b b||D | b Fig. 7. Mono-cycle tx signal waveform (<1ns, 20vp-p).
A A A A A A A A A
R R R R R R R R R
1 2 16 1 2 16 1 2 16
T4 [ 4 [ 4 T+ T4 [ & [ 4 [ & [ 4
od oo Zh T4 &4 Ay A A A [ o, Do M"”mz’a“d“'ﬁ »
Antenna module #1 Antenna module #1 Antenna module #1 i)
Mormal
Air gap i
B-scan axis (Cross-track) Surface Downfadiv L
T Fined'
Target * 1 1 | I I ! I I I
fetant 10 MHI E0p 5.000 GHI)
@ (ex_ Landmine) feres BIW 1.0 Mz FVEW 10 kaz Sweep 870 ms (1001 pif| o
A-scan axis T —— : !
i EIE BEs -  —
% 5 XHEFIo| SEctolofa % &
= =5 a7 8 AT SNEHol WOl AsEd

Fio. . GPR system bock-diagram. Fig. 8. Ultra-wideband spectrum of the generated signal.

7 6. Bk EA Bo|H EZAIH
Fig. 6. Single Channel Impulse Radar Transceiver.

a2 9. 16 AE oL ¥ TRX 28
Fig. 9. 16 channel Antenna and TRX module.

A2 Holo EdAHE AR FAIR T
o7 FASY, £33 2= Ins o]8te] BusolF
e o8& s, =g HAasteto] 33
A2E FuY Zi’é:%%% 2 234 3 (Direct
Conversion) 3|Z& gAlgct 7y ddx EWAH

golt] EES 1§ 69 Hola, AAE $4 L
Aas~zmz g ~8EHY 011443]. 1AE B =A3 2
HE A7 a9 72 2 B Ho
164 cteluRE 2 TRXEES 29 9o wolth
AA 437D 17 904 Kol AAE 3 F
T, H2 s A 28S ad 109 2ol

a7 10. 48 xE v E Aol Al X|HE Dl 0|
Fig. 10. Ground penetrating radar using 48 channel UWB
impulse radar.

(1769)



8 XNZEXE 4834 HIE UWB HEL

. M=xe| 44 2 7o

[
=)
>,

8 A& 2HE DC offsetS A|A Ag]sta, A4
7] WAAE 24E 4 9l Scaling factor, p&

S A A0 Bt A(DE t A 53
dlelel = b127]e] AE= 749 WHE 2

o
10 4y

B W
>

pud

D|>11
w
)

<
=R

m}ig

v}

(t) = [AD AQ;'" AN] 9)
A(t) = p(A (t) _%f;Ai (t)) (10)

28 AAE Down-track WO = A(t-n)HE
At) &S 5% n7le] A-scan HolHEZRE ZH7}
element®] Hit& T3, A)lA AAZToZHN A2t
ok ol& A (Dol Btk A A3 Mgy Fo o
Ad @dE 17 11 Bl

Ap(t)z(A(t)—}Lz"]A(t—i)j )

1

=
emdo] o
t ooz gaanl aed o Pae g oA
% 3
=
il

(b) MzlF
(b) after processing

(@ Mz
(a) before processing

a2l 1. DC offset & SEf HH Xz Fa
Fig. 11. Landmine image after removing DC offset and
clutter.

BlOIH YA XHEIZO|HAIAH THe

Hrz 9

#2022 sparse A g} ol 4 (12), (13) ¥
(140l B} A2 dys 27 12¢] HAth

Ap(t) =10 X log,(A(t) < A(t) (12)
threshold (t) = -3 Ap(t—i) + SNR  (13)

T
if Ap, (t) < threshold, (t), Ap, (t) =0
else, Ap, (t) = Ap, (t) — threshold, (t)
(14)

48128 g4 3te], Gaussian Smoothing FilterS 4
&3h TOP view 945 ettt A7 EAE 7hs
ol =2 Yd9e] o B2 AuATt FAEs elst
o], Hough transforme &3t peak HEHS 4 -L30A4
F4 AES ol o]& 19 136 Bl

Ricorvad gt

Aatan s - tange b

2. Zolof| w2 AR HF L Sparse XE|
2. Sparse processing by adaptive threshold level.

o % @rg. — 0O x #Ffg. — O x

moEs T B2 o4 EHs T Es HOHE A EHSFEs

ew of 48 CH. Landmine Micro' ew of 48 CH. Landmine Micro ew of 48 CH. Landmine Micro

200 200

400 400

C-scan axis - ime index
C-scan axis - time index
C-scan axis - time index

1200 1200

20 40 20 40 20 40
B-scan axis - TRX channt B-scan axis - TRX chanm B-scan axis - TRX chann

(a) 252 N () 22 = (c) Zlzds
(@) before filtering  (b) after filtering  (¢) Peak detection

<

a7 13 ME Top view ¥4 ZEZ 2 3 HE
Fig. 13. Filtering the top view image and detecting
peaks.



2016 128 ®MAtses| ==X H53d HM12= 9
Journal of The Institute of Electronics and Information Engineers Vol.53, NO.12, December 2016

256 2719 o|nAZ E&(Segmentation) g}
olMA| = vty 1Y 149 ZoH (a) 2 (bt AARE

(@) (b) (©

O 14 =exelE Xz FH Y

4
Fig. 14. Estimated landmine images by preprocessing.

AHefolH UH ol H
DCAA DCAA
ek 225
HAA= HMAA2
%g% %gg
A=A AAAAZ

hE
M
Vo
. 2
T I L
l N
©“

Hough transform2 5%t
peak 573

A =P AAFEAT

(Al'€¥ %, Down track ¥3F time index) 48 xd

' ......

Down Track Bk A &5

1

A-scan % peak 57 E A I2HIE oA

I

Down-track §5F A 2| 273 G4 JE A&
a8 15, 48 MY uid mApfo|r{utAl XM F3jajo|H
Fig. 15. Ground penetrating radar using 48 channel
UWB.

Down-track axis image of landmine

=

e
=4

w
=]

A-scan axis - range bin

.
=1

20 40 60 80 100 120 140 160 180 200
Down-track axis - time index

(a) 2% UMAX|2| MAlah A
(a) Microwave image of Anti~tank landmine (Metal)

Down-track axis image of landmine

20

30

40

A-scan axis - range bin

20 40 60 80 100 120 140 160 180 200
Down-track axis - time index

(b) H|E% HEAX| 2 MAIE G A4
) Microwave image of Anti-tank landmine (Plastic)

(

(e}

Down-track axis image of landmine

A-scan axis - range bin

20 40 60 80 100 120 140 160 180 200
Down-track axis - time index

(o) XI5t S&iE{ofl e|sh MAtmf P4
(c) Microwave image of clutter under the ground
ag 16, FHE X2 xoMel 2 Mez|E olo|X]|
Fig. 16. Segmented images at the estimated position of
landminel.

o A g 14004 zrolxd 379 A F4 o=
FH Agois sty 918iA = Down-track W3k
o=z gs gt ol fdAe o doA 2
Hough transform® 258 2+ peak?] Cross-track <l
g2 2 Down-track ¢ldx HRE 283 g ok
3 oAd Y 2 AFES AdYgt ded AH9
A-scan HIO|HZHH peakEs 2L, 3F A QA o]
nz & Esksit) ol ¥ghsl AA| AiAE PAHS

3 o

a9 160 ®oli, HF A FAIY ARE 17 16

of ®elth
IV. AE % 2N
AP A8 AU Fdstd, Aestd 5
4 gl 7 FHeloldE st SAT ©f

£ a9 170l Bt E¥E = it Aol
WEE = AYES AHEERlaL, A5 bem % 08k
S x3sla ot A7)E JbExA|ExZe] 7)E

00mx00mx2m & Z/gH Stk o5 1§ 18] Hlth



Q|

k=3

Az

KHE D O[HAI AR THe

HEA
o

XZEXE 484d HE UWB LE 2 FlojH

10

o oS o
, WE 3 Mwwmndc 2 ML W
g L . > Woou .
- - 3 o _ g = Fa oz Bl ) zxﬂz_.uuﬁ
< ] BN =5 = K O WH T 2 Nogm IX o o T T R B
d X = K @ w M o @ L) o — N B i -
o s T 3 C WY i B Eln v s R o= = u_xﬂ _ ﬂlﬂE o wr m
! mUH . R 0 T > KX " 5 g2 24 X = WO gy R o
: R ol 5 < 2 SMER% 54 s SO P
: ol i: g2 z B = 0 5= R <E o} < X
8 il & s & 8 & QG®H — - T _._.__._ g ™o ~o X ™ =) OT ol
: S s = =" . U o ° x KX = — O] < i o
H ~— . ; el H muv #NU.H _Lm_.: n_r.ua X @E HU X " dﬂH;l
§ U TR e WH == 2 Ere ™
; X o S o pis =< o ﬂ.liﬂm«%
FE WO (L} K <0 5 <0 c g ~ X = oF o X B X oy
i ™ W - P - K — NG S = oy T mo . . o
: o ._AM_.... = B o 3 3 N < Pﬂuqiﬂﬂ
~ 58 P S cadiwes Tal oA R o o
u o N W ) b_A_.o._ ~— - il ng N Qmovo . = 5
: Bz T SR ; L8, 2 pFeP oo TR
: - RNV R #W._lxm.ﬂmm igxuo %Ww?mommwdr
IRl I * = ok — Mg Sg — o ol -
o ‘w ] EREungs o = Lo TELRT I
LG R = S ¥ Ko £33 T oo X g E N A
. R OC T & S T oE 8 T o N AL = 2 g
& ~N w._._ u. s 0§ 8 § w .n.u..__._w RS R m o % m m ﬂA_.O N o \ul ~ %wu zi H zr o T
2 n(&o___.”. = (\, y S b KMz 9 E - TR WL = i ol ,WMDJWAT o
‘oz . o _ i ﬁ o & = W I . S5 B OT m‘ )l a_e R = _,._
w00 Qi ™ T= 2 = _@ﬁoxﬂr.?ﬂnﬂﬂ% =
wa RE B =Tl w S TaT W e WE S
- KR =Z| f | = SH A i
— 0 g - . sl w -
THes TATETER O Cer mm
— )| .JLlEO a ‘H
= znuL.Wm_xEu_xmw% %Mﬁ%ﬂu%m% o @ M
: 2 R r X TO TS = T T
- > () :i o N A.rv i X X .% _Zx.ﬂnuﬂ 9 X E.._
3 = 10} = ﬂu@-an,o S B mo o0 L B lﬂ_éll
48 = ﬂ?ﬂ%%%m«% 2o W %Aﬂ 021,70
- fa, N — = e E
R0 = n_nu ML zi i W rTo N N Lﬂu.o X/ nv.m Ea v o) 3 Gny 5 =K
K g 2 2 W ool WX _ S T ST - &
& ] U_Hl‘slvﬂ‘lﬂ__lmﬂﬂo - 7K O\aﬂ.l %o a‘wﬂﬂ X \ylm
W o 5 x ¥ Z T Tx o5 e
W 3 e Ty EyFLa E Exg g2 ® X ®
o 3 g =4 o KB b P EET Exom 2 2
< £ o N JD i m 71_,_A|L _ui - H;l = o vl Q I~ = ‘Ul ey N —
9 < ﬂumu,#xjndan,_t% jpmﬂoDkﬁrdﬂﬂloﬁ
ok 5 = ~ < bl o & g5 « = °
o £ g éﬂ;.@%%ﬂﬁo, %T%.;.Miﬂyﬂﬂwl
a4 9 L ﬂ__lﬂi_u oV JULﬂ ~ <A ranl Bo .._H .2 LB — X o
° 2 o) ,_t:uzo]m_;i ) WWdrﬂn.MﬂMaﬂ%%
= a = = — N
1 = = o X T oy ok A5 o w S X e
- 2 o] W T oo s o s B e ~ T
B c %] ~ X W T W om imugDS P - g o X
- @ X W o o ol oS ™ E oo
5 g 5 awﬂW%w%aggﬁaﬂ@uilmﬂq
T o o — MR = 2 [aze) T ~ B = .
= % 2 _ T T X =t OGN ] i
5 @ RO i PEisenTxR
e 2 Aza%ﬂiun_rmﬂu.ﬂwﬂﬂe%w\au;oDm.ﬁaEaa
Bl o T amg o | ok g TE o X xpl
IR0 » ﬂ%mmxm%ﬁsnurmﬂxﬂoaﬁmﬂ.mﬂﬂﬂxﬂ
. = BROH mo - NG o ou ®ow ! o) 2o
SEEEELETatIIeliEETl
o < e R KR
- oH <
_._.-_ug L
T

1772)



2016 128 MASete] ==X M 532 HM12=2

Journal of The Institute of Electronics and Information Engineers Vol.53, NO.12, December 2016

(d2) XI=| #4,

TN

Xz 57 ¢
225 HMAtnt CtREH
ot o2 =™E=EUS)
Landmince and noise clutter  microwave
downtrack images according to depth and type.

V.

e g

g, st=dlof, AzAe 5 AG/ZA #

2 B A BT
5]
=
A

=

71E A

¢
ofo
i1t
= o
ol

o
£ o
=
0=
o >
et bmomeh
Ji ot alo

N
)
H=
o =
o= S
o N o
g ko
b it
g

++
=
=

£
rot
:B;l:u“
1o
i3

1773)

g3 dolelg Aelsl 4844

LAl oA S AFES Aese
Azg A gsE 9, B
o) golu], sfE1elx 7]y

Down-track Wake] A& AFA o|nA| =

flo i)

ACKNOWLEDGMENTS
of w=o] AleA e 3 B4l fF A e
AR A7) =AY (10063267)9] A el o] 3l o]
Fol A

(1]

REFERENCES

Korea Legislation Research Institute, A Study on
Making Law on Landmine Removal Project for
Private Businesses, 2007

Gooneratne, C. P., S. C. Mukhopahyay, and G.
Sen Gupta. “A review of sensing technologies
for landmine detection: Unmanned vehicle based
approach.” Proceedings of the 2nd International
Conference on Autonomous Robots and Agents,
Palmerston North, New Zealand. 2004.

Siegel, Rob. “Land mine detection.” Instrumentation
& Measurement Magazine, IEEE 54, pp. 22-28
2002

MacDonald, Jacqueline, et al., Alternatives for
landmine detection, No. RAND/MR-1603-OSTP.
RAND CORP SANTA MONICA CA, 2003.
Ivashov, S. I, et al. “A review of the remote
sensing laboratory’s techniques for humanitarian
demining.” Proceedings of the International
Conference on Requirements and Technologies
for Detection, Removal and Neutralization of
Landmines and UXO, Brussels, Belgium. Vol. 1.
2003.

Daniels, David J., Ground penetrating radar,
John Wiley & Sons, Inc., 2005.

Yarovoy, Alexander G., et al. “UWB array-based
sensor for near-field imaging.” Microwave
Theory and Techniques, IEEE Transactions on
55.6, pp. 1288-1295, 2007

Yarovoy, Alexander, et al. “UWB array-based
radar for landmine detection.” Radar Conference,
2006. EuRAD, 2006.



12 RIZERIR 4852 Y UWB QTA

[9] Gonzalez-Huici, Maria A., Ilaria Catapano, and
Francesco Soldovieri. “A comparative study of
GPR reconstruction approaches for landmine
detection.” Selected Topics in Applied Earth
Observations and Remote Sensing, IEEE Journal
of 7.12, pp. 4869-4878, 2014

[10] Ji-Hoon Kwon, Dong-Hyun Kim, Seoung-Hoon
Han, “Research to synthesize landmine GPR

A X =2(HIY)

2004 FFoishal g R FA1-E5
A7 A5 A 4]

2007 FFHer|Ed 719
A &4

20159 ~& A A-goigta g3
grled g d (A s
Al 2~ Ell) WAL )%

2007 ~ & A ghstA| 28l ot A4 S

<FHAECE - HothAl =8l 1AF ot} H

ey 2 s EQlA>

oL

2 = F2(HI)

1997 A&t 7|3 7E e et
AL 4

1999 MEdistn A7 HFH

_ sH qAE E4

2003 M-athetnl 71357 H

: Shy- HhAE E4

20069 9€ ~2007d 2¢€: AMedista FR7]IEA
dt BKE=u g

2007 39 ~2013% 8€: ofF st A3

2/

S

of

A s
<FoAol : MuelH, v, AR >

st & M(d3eD)

2001 Fe-sha wekel s}
T 4 (FFHAD

200613 F-whsta wehel st
T8I E4(F A

20061 ~2009'd 4Hd el = (5)
A

2010'd ~2011d. VMASC(W =) 20 a 9

2011 ~2014'd @9 dool M E] 7] o] A}

20149 ~ A A F=E ] HfSh S AIA A~
ST

<F ATk

dojtt Alx~gl, M/W 353>

1774)

BlOIH YA XHEIZO|HAIAH THe

X XA

Hrz 9

image using UWB impulse signal”, IEIE
Conference 2014, pp. 466-467, 2014.6

[11] Savelyev, Timofey, Alexander Yarovoy, and Leo
Ligthart. "Experimental evaluation of an array
GPR for landmine detection.” Microwave
Conference, 2007. European. IEEE, 2007.

[12] Jol, Harry M., ed. Ground penetrating radar
theory and applications. elsevier, 2008.

=(439)
As sk Axreet 59
ZEE R
Zz=]

= "

201 ~ @A FHA 28 ot
A7 AEATH

S
=&

DAt Al 9 dlolg A=

7 04 MHIY)
199541 A At gt d 7] 38k}
AL 24
199713 University of Michigan
7188ty A &4
2004y Georgia Tech
A71astd WAL &9
<FHAHAFRE - ME AT AHE, doltt AT AF
UWB Al & 2>

» L R IEEED
20019 A &thei A7) F e
shAL 29

= 200349 Aeist A7) FE S
sh A 4]
20163 k= 7} 8t7] = A (KAIST)

A DAAZ R uha} 2]

<FRARCF G AzALY, dolr Az AT,
o 914>



