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e RO EE (33C) : The purpose of this study is to develop an identification method
of buried objects for ground penetrating radar systems. In order to extract a desired
target response from a distorted radar signal, a technique for waveform calibration is
developed and applied to measured radar signals. The results show that the radar signals
are well reconstructed and the target responses included in the signals are successfully
extracted. This indicates that the developed method is significant and essential to
feature extraction for subsurface target identification.

AT TE B
(SHEAL . M)
LR e & &t
201 0FEE 1, 800, 000 540, 000 2, 340, 000
201 14FEE 900, 000 270, 000 1, 170, 000
20126 FEEF 600, 000 180, 000 780, 000
AL
fERE
o Er 3, 300, 000 990, 000 4, 290, 000

T g =

BrE o 5F - A

CBAET I, BITF AL A - EIHE

X—U—R: koo r, i —4, HMERE, FHEMERRE

1. WFZEBIE Y DY =

WM O RLFEHE T - REROLZEE
Bod L RIRELS, HRH AR E O R RO 1 Bl
DEWVWENE LTS, 20D, NE
M ERRE TR 2ETH Y, BRI
MR - BREICET 2 T 2 BB E S
RO BN TWD., HIEERERNE LTH
FEHWLITWDRENTIEITE B RN
THDHN, 7T AF v 7 JMEORE Y AHE
TR L — F ROV T b, A< BFE

NEDHNTWDS (K1), LarL, L
— XTI T T AF v 7 HE THLIEMATRE T
HDHN, HRhCHE O X IR (U,
BT 72 &) DODOARERE DD, HE L
HE LA OPE D KBINIEFIHE L. D
72, BUE, MIERERMP L —F 2k &
NTWB0I%, HE & #E LS OWIKE 5]
THDO TEHCFHEBIRE I THDH. Linl,
HFR O S, HEOBEESCREE D
WCHEIA A=V TBEOEI DD



RS EIIR S, ELLSH#BI T 25 A8 D
TO1RRELRESN TS, ZHE
DORFNHDNRE FF 5k RKERERNT
HHN, THICEL UL, REERNAATH I
TEWFICEE PSS B DI T 720,

—7, BEREMICERSNZa 7 —
NEED DL < BN Z o bt AR EE z
HT WD, £, RabdExkEShicar s
U — MEEWIZHOWNWT Y, HEREDHKRK
L BRGSOl TR O THAR RO B2
DOHLDOICENT 257 Sk v, mHES
iz AHENCEET A ERENREL D, 2
D=, a7 ) — MEEY DR & iR
LIEMEME 2 L& 5 BT HEEYO Sk -
Pl NEEFRETHY, BEMEEST D
T ERLEEMNEICRAL TV DHHER
5K % E BB C & D IR R A B A
DOWFZEBAFE NI SN TV 5. BP0 X #f
Z W5 IR R A FEICx LT, i L—
ZIIIEHEfR R CREFTRETT, MRAHHNNR
DR B 2 |G+ 25 2 &< Baho

R T 2 H /)70 - SHETH 5.

UL, BiEOHP L —ZTidar 27 U— L
O DR X ZFOMEITRETE 208, 8
HEROHETE XL B AL, ERSCBR DS
(BLEEPT O « BN R U CTITEE LW O ASEL
wKThsn.

2. WFFEDOHW

iR X 9z, Hid L— 213 E R S0 IE R
BERAESEIR R SICKRESHIRTE AR T
VA NEALTWER, TOREITEZERE
BECZHD. B - AEOKELZM EXES
72012, VL—HERICEENTWHEX—F
v FOE#R (FFEE) 2 TE 5702 < il

L, ThWEAMRMTL LR EEL RS,

R AR i T, B A 2 oL R
DEIBRFEOBST-EHARLRAEZH NS Z L
NEFE LW, oL, EEOFHHTET T
T OB ER DRI X BRI N
Tiel=d, WHEOKENNEL D, FRiC,
BRI SV 2R BT 256, BREAD

'Ril&

o

&

1. M L— 2T K DR IR

WENIPRE /R D, ARAFZE T, WFZEfRERE
NINETHRFLTEEEEL —XEEL
PiiEAE_N—A L LT, MIREEHh L —42
FN D @i B D SR Wk Bl Tk OGS 2 1T
ILDOTHD. 22T, FHIT—2n50
B— sy NNEOLEE L FRgdhh, ¥ —7
kN OFEBIPEREIC OWT ORET, TEEHT LA
T T FORE - WRBIZHOWTERE &Rt E
1TV, BERDA A= I LB =7 v k
kB % 2 T m ORI RE D SR B A R & H
BEd5. £, RIS, EEOFFNFERT
MEL D, MIBRHOH I D/ T A —X O
EREEICOWT HRHZ21T .

3. WrFED ik

AW TIE, 2EEZLUTO 4 5OWB 3T
TR - et EiT 572,

(1) BERT LA T T ot /fE
ARFFETIE, BILHI SV A Z NS0,
HRED L WT TR ME L 70D, REHCY

(a) 7T HHIE

Vivaldi antenna shield case

—f L
[ b\
dielectric (PVC)

(b) 77 F oG

K2. =)V R Kr—2} 2B FENLF 4T T F

EM wave absorber

0 1 2 3 4 5 6
Frequency [GHZ]

3. T T T ORI



7FoTlE, YIalb—Taitkyreysr
DINT A —=FEREL, TOFMRIZIESNT
EBEDT T F OIERREIT S .

(2) WIEOKRIE L Z—4 v MS&EoHH
W — sy I D L —FIEEIL, 7T
T O BRI E I & OMAE/ERIC X
STRELEENTLE Y. AWFZETIE, T
VT ORI R T2z T
SN H EEGL, ZhvE AW TUREREOK
Exfrol-. Zhickv, £/ 47430
AISER GO, MFEE 7 T v & L IREREIE
AR OBECE DX 01IcT 5.

(3) ¥ —77 v b ORBIMERE DT

& =77 N OFRBIMEREIC WU, Fkplgs &
LTCEATANVY, ROV HR— T Z—
U EROWTESEAICOWTHRETS.

(4) HEFEHI DT A —ZHEE

HEBEHH I DO/RNT A —=ZHEIZHOWTIE, 7
HIE & HEERS L ORBR A MATEIEH L. (A
RRZHIEIEIC DWW T b IRET 5.

4. WFIEEE

LRIz, HEBIZEONZEREE LD .
(1) BEWT LA T T Foaxat/fE
TLEWHEBE G e LIERER L — &
DBILEI T 7L LT, Y=V FKr—2A
fTERSVTF 47 o TS ikt 8EL. #
DIV L REEZ X 2 12771, 5 - ZET
FHICIER—FROEASALF 4 7 T %
v, BEKR (PVC) ICHrEn ClRLE ST
W5, BEREEN L-HNET T EF
DETET T FTONRUETHSD. FOIM
W — )V R —2%md b2 Li2ky, Al
S HA~O AR 2z Tnd. Lal,
V=NV R —Z2NTHAELLIHIEOZDT o~
TFOREITE LS ELT D, ZhEBET S
72, )b R — AN BRI K % %
WLz, ZNHOFRFNRNTA—F T Ial
—ya koo TIRELTWS., kLT
VT T OREFNE|S,, | 2K 3127, 16Hz
PUF OARJE Ik TIFRIRITAR VA, 2 2Tl

antenna set
(Tx and Rx)

4. BBHEET LG O L —ZIEEH

1~6GHz ZfE AR E L TAHEEL TWA T2,
TR RRETH D Z EnNbnD.

(2) WILOKIE L ¥ —47 > Mo
WFFEEE TIT o 72 b — F R 5l o # ik & (X
4R T. F72, MSIEAR VAL LTH
WeE ) A TNV ARKIETHD. X612,
HEHE T T 0 b OFHARE & KIE&#1T
STHOREEERT. (a) DFHIEE TIL,
=)L R — 2N TOHIED - I E
DIRENL TRV, MREHIGEEXY—F v
MSBEIT S KRITE 2. Zhucxt L, #
TER EZ TR m I E & L TR T
A TN OVAREERINTEY, £,
=0y MNE LIS TS, 2
IWHDORERLY, BEREICLST, £/
AT NIV ARKET D2 =0y NSERH
BRI/ E CE D 2 LA ERTE . 2
DL, MELEWKREELE X —F v M&
BEOMHICLY, FEHHOBENEL 2D,
MR DGR BIKS BE O A B P IERREE M A D
BEUCENRFTE 5.

(3) X —7 v hOFBIEREIZ SV T

HWEX—7 > hEIFERCKE oK (4,
TIAF v I, BiWATFa—L, EEF)
PYE L, MEET L& FRERICHER L CERR
PEREIC DWW THRET L7-. EHEIY- o v =

0
_1 . . ) .
0 2 4 6 8 10
Time [ns]
5. AT/ VA7 R
1
0
-1 ! . . .
0 2 4 6 8 10
Time [ns]
(a) FHHNEE
1
... g~ tATECtrESsponse
0 :
1 4\ ground surface reflection |
0 2 4 6 8 10

Time [ns]
(b) HIEZ DY

X 6. HEMETT LNED LR



2+ TiEeWnW=®, FEHRICaE 2N &
THTETIZEE STV, EWENSD
JEBEWTITAMRICK B TE TVWDH Z &b
M5, ffERFEL LT, BE7 0025
WERBNZ BN T, 4FEOMEET L%
PAREIC AT D2 Z N TEDLZ L 2R L
TWs (Fa%kR) ©).

DLEDFR LY, 2 H A 7NV RARE
DOPEI L - T, HHHRER ) O IR S R
HHPNEELIITAD Z L 2MER L. —J,
JE e Br fEE T O FEE IS DWW T RRE
T, 5%, SLICHEEED DL TFETHD.

(4) HEFEHI DT A —ZHEE

HF RO E DT A —ZHEET, R
BTEOBOHIEE 7 T v ¥ O EERD 29D
DHENIRERE 725, T EEZITH Z &
IZ& D, HREOFHE & HEEREORRE
BfElC L, HICZFOREDHIERNZEH L.
Z OISO R OO THE LTV 5.

5. ERRERLE
(RFFEAREES . WFSE 003 M ONHLEERFZE 3 12
=)

CdERERm ) (BF 11 44F)

(DM. Nishimoto, D. Yoshida, K. Ogata, and M.
Tanabe, “Extraction of a target response from
GPR data for identification of buried objects”,
IEICE Trans. on Electronics, Vol.E96-C, No.1,
pp. 64-67, Jan. 2013. (&EHiH)

(@M. Nishimoto, D. Yoshida, K. Ogata, and M.
Tanabe, “Target Response Extraction from
Measured GPR Data”, Proceedings of the
International Symposium on Antennas and
Propagation (ISAP2012), CD-ROM, 4 pages,
October 30-November 2, 2012. (Nagoya,
Japan) (&HAH)

(®M. Nishimoto, D. Yoshida, M. Himeno, and M.
Tanabe, “Calibration of Ground Penetrating
Radar Responses for Identification of
Shallowly Buried Objects”, 2012 IEEE
International Symposium on Antennas and
Propagation and CNC/USNC/URSI National
Radio Science Meeting, July 8-14, 2012
(Chicago, Illinois, USA). (&#HA)

@ M. Nishimoto, “Analysis of GPR Pulse
Responses for Identification of Shallowly
Buried Objects”, Proceedings of the 2012
Korea-Japan EMT/EMC/BE Joint Conference
(KJJC 2012), 265-268, May 18-19, 2012.
(Seoul, Korea). (#HiiE)

(®M. Nishimoto, K. Tomura, and K. Ogata,
“Waveform calibration of ground penetrating
radars for identification of buried objects”,
IEICE Trans. on Electronics, Vol.E95-C, No.1,
pp. 105-109, Jan. 2012. (&#HA)

®M. Nishimoto, K. Tomura, K. Ogata, and M.
Tanabe, “Calibration of Target Response for
Time-Domain Feature Extraction”,
Proceedings of the International Symposium
on Antennas and Propagation (ISAP2011),
CD-ROM, 4 pages, October 25-28, 2011. (Jeju,
Korea) (##iH)

(DM. Nishimoto, “Estimation of Soil Roughness
Parameters form Surface Height Profile”,
Proceedings of the 2011 IEEE International
Geoscience & Remote Sensing Symposium,
pp-3152-3155, July 24-29, 2011. (Vancouver,
Canada) (#&#&tf)

(®M. Nishimoto and K. Tomura, “Design of
UWB-GPR  Antenna and Waveform
Calibration”,  Proceedings of the 8th
Asia-Pacific Engineering Research Forum on
Microwaves and Electromagnetic Theory,
pp.1-4, 2010. (Fukuoka, Japan)  (# 76 %%)

©® M. Nishimoto and K Tomura, “Inverse
Filtering Operation for Reconstruction of
Distorted GPR Response”, Proceedings of the
TENCON 2010, 4 pages, November 21-24,
2010. (Fukuoka, Japan) (##iH)

(OM. Nishimoto and K Tomura, “Calibration of
GPR Waveforms for Detection of Subsurface
Objects”, Proceedings of 2010 Asia-Pacific
Radio Science Conference (AP-RASC'10),
CD-ROM, F1-2, 1 page, Sept. 22-26, 2010
(Toyama, Japan) (##iH)

@ M. Nishimoto, “Characteristics of Rough
Surface Parameters Estimated from Measured
Surface Profile of Finite Length”, Proceedings
of the 2010 IEEE International Geoscience &
Remote Sensing Symposium, CD-ROM, 4
pages, July 25-30, 2010 (Hawaii, USA) (Z#c
)

(%K) Gt s

OHEAEZ, “HmEkoOFHE. S O &
DIRF A= DHEEIZHONWT”, BRFE
BRI EGRITE, EMT-12-166, pp.85-89,
11 A 16 H, 2012. (Flfk~>" 7 ¥ HR7T L)

Q@EHKM, AAREZ, KHE, HEfFZ,
"M ZRAS ] H T L — 2 D IS T O iR
Br (1) —HEWFEE O 7= O Feg & hh
—", BRI BN PRIFE, EMT-12-071,
pp.35-40,5 H 25 H,2012. KBTI RE).

QAL EZ, HHKH, EHHs, HBL,
"HiH L— & DN O IE", 2012 45
TEHEEFRRA KRS, C-1-2, CD-ROM,
(LR 3/21-24, B, 21 HFEFR) 2012

@FAREZ, HHRM, EFHRe, HEFZ”
HEER MR A L — & 0 s K O iR
M —F /7 FA 7 VAS VR 2
R DINE —, BRI TR R
%, EMT-11-136, 11 A 17 H, 2011. ([



IR BT av_uig vk—,
& LB ] )
OPEAEE, " SVMICLAR—F U XA Y v
27 SAR T —# O47¥A", 2011 4EE 15 @
B Y YA =7 4 K4, CS-1-8, CD-ROM,
9 H 15 H,2011. (JbyE KF)
OfAREEZ, BXBEE, FrAR, BHENZ
"— L R — 2 E LT T T T
OFpE (1D ", BRFSEMANRITE,
EMT-11-060, 7 A 21 H, 2011. (LR TK)
DORARBE, Pz, BREM, " —L R
=2 EENNT 4T T T ORI,
BR TR EMAHERITE, EMT-11-051,
pp.35-40, 5 A 28 H, 2011. (FHK)
@PEAEZ, "HE O E DT A —X OHEE
FEFEIZOWTAD", 2010 4FE A%
XYY AT 4 KE, C-1-19, CD-ROM 9
A 17 A, 2010. (KBRIFFILKE)

6. AFFERERE

(D) B g

AR EZ (NISHIMOTO MASAHIKO)
REAR K « KRBT A ARFHEF R - 2%
g8 2% 5 60198520

(2) Wrge sy

%5 /A— (OGATA KOHICHI)

REARKT: « KEBEHARBI=F9ERL - HEE%
WoeE &5« 10264277



