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A Study on Detachability Measurement to Buried Target of GPR
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ABSTRACT

Recently, the industrial development caused the expansion of city and the field of construction is being larged
in size. So, information of construction buried in underground is necessary. In this paper, we were investigated
the detachability on various specimen in self-designed test field using the GPR system with three antenna
elements and it was constantly radiated 730 MHz frequency. To examine the detachability on various condition,
the test were displayed B-scan CRT. And the pattern was exactly positioned when it was compared to the real
buried-depth. Therefore, we can confirm similarity between the wave-propagation velocity and previous results.

1. M =

FHZ Ak YR 3= 724FANe] HE7F iEst
Hi A, v AxEx SIHE aet, Ak digk A
R FoHel S/ e FAlolth =4 A 8%
o] A, BEFslal, EAs vidd dskrxd, 7t
# 5 2L Azt FF AEEEC] AT Al 891e
2 g3 wet ol A& widES oid FEgs A
Heol Hole a3 AlF o] YR2 7EET o
A3} #lo]tHGPR: Ground Penetration Radar)gAl= A
He] AA; grpgol AX7] KRGS o83kt vl
RS oo A Bopnl o), .87} B
< Ao ¥AL B #2718 HAg d713A A%,
B9 f3A dg 55 B3l 12 g8o] sl
AT FAIEY ot Holok BARgEe] s & A

S

“STiSE FIHUS BT} 2
S} EET Zas
e BEL TR LIPS EL L R

—77-

Aol ST, Balsol B T gARel
& 94 A5H0T A F o] RS Vel
A0 42 & dom, W ¥ TENE Age
7] W2 AA71E FGOlE Asithe RolTh? & o
FANE BF NGRS 2489 e 24 2 U
o me 3F dolte] W& TaTA SRom,
IR ohe} w134 MBS WAbIEE, 29T
59 13 W 5Y AR W} A5 2] H
s w37 s,

Moo

")

2. 0|EH uid

2.1 goict ojoF &2

gloltke el 19404 o1 F mlSallx Ao u]g)7)
29 59 EAE 8] FAR EoplA A AN
AT AAE ZARSET ohst FFEokE HIR o7
EopollA sFE A AMER e olEd Heolte
APge] obd Al HEAIA Asle] WFES GRSk
R& A3t golth BAbpEole} gt o] Az

3) = >
) = T



7198 X E} e S22 E B AR A
3, A3t -] s Eo] Fdd TRIEE AGE 5
SHelol A pulse Ate 2 why EUE(CRTYS ¥
olu]x}E Yo 2H BrhE-S T 5 A B
AARALY] dFolthd FAF R, RUEY] ghgoln|
AR B thE SFo] AFA e ol AL
QI Al2de] A gHAte] fX|uitt Qe mijAd
5 vletre M9} @Ee] Qith viid so]z e
T3 9 AR EG Al&"le] fxistE At 7
we] TEskAl S, o] XX FHOZ A olFA|
Z dujct QHVels sl ES vigtRe Ad A=zt
AoABZE Aoz AAHE o] YeRtA |t o
A e} AAEE £HOR olFAF|RA 2GS 2
S8 79 olFAYY s AMEE A2 FHA
AE st S A3 HYS F4T

AA Bgoll JoM e Az W7t ol ErEd
ufdo]7] wiFel v AUs AFAE] ¥ H7ES
ZQa2 ) golnt FrlelN F45 e e M
T, FAE, vidES] 27 2 I, WA AN B
A&e] Azl JEsi, J1F - 3F 2 BEEY A
A73A BA] pulse echo® ¥ol= 8%lo] A} E3t
ol#jg XRERA Qx AN Qe F4FTr ol
@rbd o) G5 vRith

2.2 gjojct Mmo|E

a9 12 FHUE B3l AR AR Flojoiart v
A 58 WAlEe] e 715E 3, 718=
ol F3 BMHo ZUB S xE@ARAAY)-YF
A= : Foltate] YA el o|AE UehdosX
FAWEE AHE 5 WA she 7|8 deE=E st
A =4Hez Yephgid

PREEREH REZEA Y A D $FAATeR

Trensmitting |  Receiing
antenna anienna
-5 Y 7 strength
0 Incidence wave
psion v

O 1. X|st giolTte] Ha|

—-78 —

R FANZTAS) AZERHAY 2A9 s ) Flo]
thte] 2EWEPE 4 @19 g8l T8 5 o

D=-=-v At (2-1

DI =

v: #lojtiute] &% [m/ns)
At: 2DE AAE7Y Ml A- A7 ns]

A71A, glo|the) &5 vi= §AHgY F5EA A (2
2)¢} 7}

_ 03
e

& ) FhRAE
MEEERLEEES

AT ARt A8k o T ujEe] A
A diAlE]o] ol AT E Wol x5t X ATRE A
slelA =z, ol8A T wiE AlelolA WA ot
HH T vl Ifgudre] 2]z} Aok gt a¥
o 2RYEEEE Juaasd JUTsRE, ARE
o) of3) ZAEH,? Rstire] Foldate] Hule) o
2 vA= A W@l W7)H S 2RE aiacl
2 O o2 v A2 89, 94, Folt} gAt
or AMEERs 441 gElvke Y (point source)o] B2
U004 90re] YR HeNZ Ausict, wEpA] 419
HUZRE Azt S7Hl det A28 2o)e 148
vl &2 23430} geometrical spreading). 3+ ZraA
o] 2J&le] ofx]e] ARI G= HBHWEA Ase 2
717v Zadied), ol FFATEE it golt &
ARIA ARSI 10 MHz ©17de] ZFat dge A
Aol &3, Mg AolX e

=g
(x—zA/;[dB/m]

o: HAFES] ©-E([S/m]
e: ES] 44 ([F/m]
Wt Ee] F3H&[H/m]

v (2-2)

[m/ns]

(2-3)

= A9, tjde] ATt 52, §280) Fe5
5 72417} g, Faidolis TR B PREASE

§=1-2 [& [m] 7} Gk, SEo] GPREAIIN TAM
o OANU



EE gabgel 714 - fAEA AF0 A &

o ex|ge 2 AAAENA LA sk Foluidte] whAL
2 B 98 olux] &alo] glon FE YA gk
WAL Al

R = e e (2-4)

Jer+ ey

6, & AW FEANE A5dE
gHE, glojtkae] wAke

A=Y= 300 1m (2-5)

L,
& 30 & [eleo]

f: 34 F3 [MH,]

v: dlolthe] £% [m/ns]

1
=]

o, B35 Hge} 142, £

Ae FAFEr} Eolok g
golttute] £xw wfae] fHgo] Frolng,

o2 g wo) gelin). &, 241Fag7 TolAE

o=

FINF17] A3k

[
=

E 1. HE0l CHE F715 St ¥ BXme] 45

e 3 Avgs  AAEx
(K) (m/ns) (mS/n)
7] 1 03 1078
72 & 80 0.033 0.01
33 B 80 0.033 0.5
B 80 0.01 5000
a4 3~4 0.16 100
sp7et 5 0.13 0.01~1
439k 4~8 0.12 05~2
Ad 5~15 0.09 1~ 100
AE 5~30 0.07 1~100
qE 5~40 0.06 2~ 1000
RIS 1.94 0.22 107
HEl JE 6 0.12 6.6
2 xsh 20~30 0.06 0.1~1
2 Ex) 3~5 0.15 0.01
4 5~6 0.13 0.01~1
Art 6 0.12 0.125~1
Zage 4~10 0.1 0.11 0.00015
PVC 33 0.16 134
Fiberglass 4.8 0.14 0.66
Metel 300 0.017 10%°
w e 326 0.052 34

-79 -

=0
™

Eoll e AR, dojriute] 4zt ARA gAR
T7h ety

E 12 zHiEd A28 B4 2 dA Avses
UeRRSL glom, Bl o3 a4 GPREANIA &
A7 A71H - fRER AE A &8t ok
g ZolollM drht 22 diFE7A] BAE F et
g AXske 548 a1Eoth

3 4

o

3.1 0HMdE ¥ AMEZE M=

o] 7EA A48l tig AEeEe Agsly] 98 2
7] Mz B AlEAS A AFsdd. 2
F0} gojrolld Ao the wjdEe] AEFHES Yo}
H7] Sl 28 29 Zo] tket /9 AECHE,
PVC, TIBE FAA 52 B 29} o] I Wz
Foiated oMY, A EA diste widE Z
o7} T} 7399 FAETHE AR k] 2 33
72} 05m, 1.5m, 2m vjdZo)d] d#H} MF e} 7o)

a3 2. oY Algme

=
S

=
T

2. 0jME AYHe| EF

No. A 37| (mm) W€ AAY
@ A& 267 empty 7t
@ PET ¥ 80X 250X 80  water .

® PVC pipe a115 empty 3l
@ 7= 51 empty Sk
® Z3ZYE FAA 2152 .

® vpEurs 150X300X90 bone k&
@ 7FEwn 200X 200X 8 .
aAHE ZAA a102




[ unit : mm ]

G@direc jé of investjgation 3
i X 4 —
[Ny

NS

<

concrete soit

4

2,000

) ”’I_/ e /bg olrgn
Y AR e

cavity

N
/

[CRCRONONO)

1,503

| 630 | 2.365
T T

| 1.000 |

1,930 | 1.000 | 1,865 |
[nd >

- % specimen core, mold core

- gab between specimens : 300mm, buried depth : criterion of specimen surface

O3 3. XA A EEe| MMz

3l E, BY AFEe|HA Z7)7 g Holzrt
Ak A A% A719] Hsls 1) 981 zZh widd
& HEde 7ol o (@267 mm, D152 mm)S
FAAHC. E3 FTAYE &eo] AT ¢ I3 AE

2 HZ F7]9 uE A3HEE 1] 3
o, 2@ 49} 2ol AFHY & F7|7F o8 FZE o
10cm 7H 28 IGAAA AFH vigto] fEd4= 1m
Ao gol== ujd3lHc} HAE 05m, 1L.5m,
2m F9FL vIE BHE A9, AFHS EFRER A
< H, 7 iy BHoERE of 25 emFAY] £33
EE gojA AlEAS syl 28 38 2H A
2e Algae] Ao, A= vld AlFHES o}
# W59} 7o) mjHA RS gejsle] nj it v
AAEEE A e AREES HA didRA] ol

- B
&, 23l

a3 4. 232IE%0] 2EY 23

~- 80—

422 Tkl s 52 TEsle] A o)
HYE 05m GGkl 1m ARel= NG F Bl 2
) BT @220 mm 7] AP YFORE o
135° 719712 RSk slgic.

32 AEEH ¥ WY

A¥L 2% 59 Mitsui engineering & Shipbuilding
Co., LTD (MES)?] X% #o]tHGPR)EA} 3] (model
UG-V33)& A3t UG-V339] systeme o A
ASE FA gtElve] o3 AR E T FIARE
=730 MHz)Z WA= Impulse ¥4]9] 344} otelvt
Eljlo|th?

Al G&F<0 Holojale] F4le 9181, HAR
FEEFAGD BAS AA7 AL, e AF

38 5. GPREMPI(2Y UG-V33)



O3 6. A|EE|MS GPR AL

33 7. Mool &5 9lemy/ns]e Tfe] Az}

glojot gapgule] BARI s midEE] Y
o] Y=g I7 29 Zo] FaPgon, s R
EUBE B3 28 73 o] $AEHSPIEA(B-mode)
o] SR &L AAZEeZ S sIiTh.

4. &t # n#

Adute] el M el S dobes] ) o
ole] Axe] 2T 9lem/ns]E Bl A A} 1Y 7
o] 275 Jepideh ole 7129 05m x4 A
g EAE0] 03m A JE 2o AHo] HA
Azote) zlolg ANT F U 2BjEke B A
A Flolthute] Auges YTl oj doz )
A= 05mel AAEI=E AvEns 240 2H o
olttutel HIET(16 cmmslE A AT 2 S A7

~81—

O3 8. Mool &% 16[cm/ns] 2| Zx}

a9 87 & AFAE Jepden, ol E 10049
7120l Zh[0.15 cm/ns]et FARES El3lsTh

730 MHz®] 253} #lojrte] Slo] FLE Aol st
o mjdE o7t g A9 HETE A 98l
AN E0.5m, 1.5m, 2m)ell HIE Fo] A
A3}, vAAE 0.5m soilgG T A3 A )R] CRTSH
goll AFA HEe ojmA] Wl JeRiieH, i
A% 05m 99 e AE FIME FEFED,
3o} PVC pipe?t BAEHIUL, AlFE A=A w4
T 05m ¥l 1m X AR SR 2HE
135° 718712 AV 733(@220 mm)e] CRTe] %
24 sigle) ojmx] WalzA vETh

Y AFolRA F77t dE el EAfske A
9 A& A7le) ¥alE 27| Y5t midE sepllo] E
AL AHo] e (D267 mm, S152mm)dl| o)
e Az A7V A4 s 2] 8 Xzt
Ut

ZazE o A2 92 339 AES, Bl ¥ A
= F71d g AzWss 2] sk, AT &
717} o A3 & 10emPE o2 IHAIAN AF
3 vl HlHAE 1m R Fol=F vdsiid R
o tisixls CRTYS] ©lu|x] #slg Holx] got =2 4
TS ¢ F P}k F2 339 g AHYE o)§
g E3E grlMe Axae) A 242 Qlsld
7 20cm Wele] 7Fed 28 Ee] Y=ot FAE
oF g Zojc}.

a3 92 Y99} Mo gy viE] AR FU-
Z+ ud A ARE BHAF ok & QE
0.5m Al Azl WP Z 4779 44 #&



' A-,.,V___-I‘(@220mm)

steel pipe

, 3.0 [unit: m]
concrete steel pipe
[ﬂ; b?r PVC pupe (@%mm)
steel pupe pé—r .
steel plate (@51 mm) bo‘rfle__ .
| l | ] I | T
T T T T T T ) 7
0 1.3 1.8 223 26 30 3.48.,” i
38 9. AEofl o8t A|EZEe] AEf
B 3. 04 Alxet £H72le 2x}
No. AE A Em) BARIEm EAHm YAARm AELAHm) FHxKm)
@ ARy 0.50 0.50 5.32 525 0.00 0.07
©) PVC # 0.50 049 432 437 0.01 0.05
@ A 0.50 0.49 3.82 4.00 0.01 0.18
@ AR 0.50 0.46 2.95 3.12 0.04 0.17

HozRE 7+ ofd AFurA e AE v | 7
A%, 7F3H@51mm), PVC &, Z33HD267 mm)}l Ao
2 IRIFH, AE 1m AHY o]u|R| ¥l 9x3kA]
Sk 135° 718712 A 732220 mm)elH, 4]
% oF 02~025me] AX o|u|x] M3= 25cm FAR
SHE AHEZRE 9] Walelr},

2

==

5 4

B =RME e ZAS A% BERAQA]
| A7t e T AgBe] dE BAESE B
A sgom, Aol we} whaEe YA F5ES The
312, $9 Al F717k e 5 AQe) WAER
He) WAMIEY /lvs B Base Agsa s
it

A= W

L A= 05m AFNAY F45F 2 PVCHolZ,
1m A9 135° 71€718 2= A% Do) FA g o}
2 &4 vid= sk 730 MHAT S S GPREARS
Ax 1m HR] EAlol F3lsict

2. o)de] mid A=meiA Zg, PVC Sholze] £Hd
A &k ] 18em$aL, Aol WM & 2

—82—

A AoEEe] HeEH (Y Mdusze do8
CRT9] 41571 0.5 mol] 1A= AE=E 2HEe
2 AL Fo|tire] A &= ¥ 13 AR &
), E 137 Zo] uidel] wfE H-g ol Mz}
EEXE Adsly 27] ARRE T2y o] YF3
o2 vw3 YA 24 7Fssli.

3. Y ARAN F717F e "o|Zt EABke 7
$-9 Mzwshs ATA g 2ol & Ao|7t §l
o] E1& F7F gt

4. goltiute] o 2REe] Bajsol] Wl AlEH
AL E B, £ F9oME 548cm= HA Al
Z4A] vl AR AYE 0emd FAE A
T oid AFHe] WAL A sRE ] A5

o] e Balsol dFE v FUSS ¢

Lo

W

}

[?

Y0, 10 o o A

o

#Ale| 2

lox |
=

o

f

B A7 Hepley - dRISG A, 24
A A AAPRAATAEI Folthsk A e
FAEe] Ao elg AU



AE

it]

o

. Jonathon C. Ralston, David W. Hainsworth, “Application
of Ground Penetration Radar for Coal Depth Measure-
ment”, Signal Processing Society, 1999 IEEE Interna-
tional Conference on Acoustics, Speech and Signal
Processing, ICASSP'99., 1999, pp. 2275-2278.

. Beq, A, ANE, A 2AR VR 788
GPR| mlo[X AZFEol #g 247, st A 8
3 =84, A36d, 1999, pp. 19-26.

. Satoshi Maekawa, Thomas J.F., “Study of Cavity Esti-
mation Behind Concrete Tunnel Lining Using GPR”, 4th
International Conference on Ground Penetration Radar,
1995, pp. 895-905.

. Kanji Murasawa, Hiroshi Nishizaki, Chinhiro Jyomuta,
Noriaki Kimura, “Subsurface Radar with Three Antenna

— 83—

Elements Based on Scattering Theory”, Mitsui Engi-
neering & Shipbuilding Co. LTD, Technical Report of
MESC, 1998, pp. 20-28.

L ERAAE) ledra, “Aso|thGPRYE ol &3

AP E AR A", 1996, pp. 2-13.

. 23E T, CANSAEYGAY, 2%, Aavtzys,

1999, pp. 583-648.

L E T, A, A, ARl FEHAN A

A g &R 719 2ALE 9% AsHHoltGPR)Y A
&, d=2UurEsksl, Vol 5, 1995, pp. 114-122.

.97 ZaEss 9, <2ars 22ge wng Al

2 kAR, JF-EATESE], 1995, pp. 155-172.

. O)FE, FAYE F2E9| viglE AAP, 1996, pp.

85-91.

20013 7€ 319 YHE)



