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=20 : FAA AA, stepped frequency radar, impulse radar

Abstract : In order to apply to land mine detection effectively, GPR using an
optical electric field sensor as a receiver has been developed. The optical electric
field sensor is very small and uses optical fiber instead of metallic coaxial cable.
With the combination of these advantages and the bistatic radar system, it can be
possible for an operator to measure quite flexible and safely. The sensor has been
tested in stepped frequency radar system with frequency which consists of a
vector network analyzer, a fixed double ridged horn antenna as transmitter. For
considering effectiveness in real field, we applied impulse radar system, which
consist of a digital oscilloscope and a impulse generator to produce the impulse.
Detection of a PMNZ mine model was carried out by the impulse radar system at a
sand pit. The PMNZ2 were detected clearly with sufficiently high resolution, the
target contrast was almost the same while the scanning time decreased down to
1/100.

Keywords : optical electric field sensor, stepped frequency radar, impulse radar
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1. A&

AR AN A7z, AFE GX], X35 GA AFHF 0 Z AL EH o2 GPR A= A2 A
A Foroll ALg s A7 8] A1 Uh(Daniels, 2004). AHAGAE 4
23] AEs 53] AH /M FAF WeRE T o] A F 9o iy 2HLY
¢ Zgojtt. YWtA<el GPR A& <Y e 7|9 FAl= duz olgd g FA
AR AL o EAE op7| AL 2A7F A £ ¢ 7P 1 Aed AR A|ARo] 2
ATt

HZ N2 AEe A% SAA AZ 233 B3 U FAA AXNs A7)l 3 vz
He FNFE YA AN A7)1F 5 AT AYHnE F& JE0) AE JoH &
Z 2z YR Axs 2 g oy T3 Al ES AHEE] WE 3 A% o
ddA ez 9% 5 3 (Kuwabara et al., 1992).

FoHdE FAA ANE 0] 43 GPR A29E FH3t SAHE A7y A=
23} sk FAA AAE 2719 FAZL ol Fo] §4 Aol £8387]71 §olstER
A gA g Zo) AU F47t 2 FHE Rel Hsin T Uk 2HG FAA AN =
GPRE22 7't © Ho] oholA] GPREAF ATe T4 Wl g S/NH|E 7Hx]7] 93]
A AT} o] o] Fo]F O n (Tanaka and Sato, 2004), 015 v} 2 B A7/} A%
=it

B =RAe 94 $44 AA 9€L = ¥y UEY A7 FAs HAAU 9
FAN7)E SA% FW=27), double ridge horn £4 ¢ejLkst FAA AME F49
stepped frequency radar A|A®o] 7] 5HH, o] AlAHS] w$ 1 YA GRS
FE37] g8 MEe FIE £F9 S/NUIE 7HXE impulse radar AlAFe] o3
71«3ttt} Stepped frequency radar &+ Y8 A #ojtt Al AHS XFEE B WL, ol g A
gojtt AlA¥E PMN2 AFHEF ) dfs) @87 vjxd @A AFA A HE&F
A ARE 7lgdt.
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2. 287 4dA

FAA AAE A71F & MzHE FAIE SH3Y AV AE A% 54

H71HQ AR E glo] AVAZAE EFE F U HUFY dFe HE

A A oltt(Kuwabara et al, 1992). Fig. 2 334 MM %25 493t 1982
=

g2 718 7AE FAZE FACES T8 RuAd B9 2 FA3FE LINbO3E
A2 slE F 2o et ot F oY 2@ o 2 vio Ad, v AV S
Aol & Bt Ta@E, OE e olF AR fv Rads TSt oAl A
"t ol ANF AF Alo]E FHslE FAIZTE GR AV Ao 9] 9 o}
2EAS7 A% =a#E T3 HY oly A4 WsE dogiA "o ofF oA
g2 A Hd A= A7 YAre) Wsta optical detectorE & ExHo AV|AS
ZgstA €t

o] MAE 7|7t 1x1x10em BT ¥roll HA| ¢ vj$- 7k ¢ Al st717F A1, A71%

A% Rge AYsut FERE0] Qo] 5 A1 AFo] Yor 53] £ A0 BE
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Optical wave guide Electrode LiNbO3 wafer

Input light Qutput
From optical 4OWee To optical detector

Optical fiber |

Fig. 1. The optical electric field sensor (léfti the structure of OEFS,
right: the scenery of OEFS)

ARG-EER] ool WAL A et o ¥l olvet AF e AHT A F U AFEE
AEE Fig. 1 28%24 NEC-TOKIN AFL 2 ZF Fu4+= 30 MHzHE 5 GHzolH
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3. Stepped frequency radar 2t impulse radar
My FHAA AME o]8&3% GPR A|2He F 752 EBEFdEt. dvE stepped
frequency #@lo]th A2 Ho] 31 o it YH A Folg Al A"o|t}(Fig. 2).
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Fig. 2. The measurement system diagrams of the stepped frequency radar (left)
and impulse radar(right) systems.

Stepped frequency radar A|AE-E UESY EX7]E E& 10 MHzoA 5 GHz7HA] &
NE2 2989 rUSd A" 44 yUe double-rigded horn GHUES 3
EAE ] A7) s B AAE B8 24 Ho) FA5E wadd. FdA ANE
FEA719 A2 FAAE FHRI) T2 FAlOlER AAH QY. FAOlEES
T3 FHAANNZE T A5 UA AU A5E Ao HE JES BEAV|R JHA g0
FAA AXAL S ARE A= HA ArIg dE WES £47]9 Ao GPIB
AolEE F3l PCoAA stA @t HE UEY E47]& 0] & & stepped frequency radar
A AEHE At 27] FAA AMY F2 sensitivityE ZE37] Y8 S/Nu|7F &
23 NAH T2 "o & Aoz B3] MM B AF 5& AL dE vEY
4719 AHEE 3oty a-d & F£E9 S/NHE FA317] Y3ixe d9F
HESY £47]9 IF BWE @300k 311 o] @A =d A A|zto] v] dojx|A ). A&
E° ImxIm 8 HolE lem &8 {HFCE AW SAHL & AF SZAE 16417 ol
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AA A} olE AA Ao ALY ALol= AAF Aol JA A} ol F A5
A8 dE2 ook A|A~'|g T3 e on (Fig. 29 LEF) o] AlAHS $AF=
AL W77 FAEHGOH FARE eARZAFTZ FAHECG, Ay JEAY HA
& 250 psec 2 FFI457F 4 GHzel dlFstch o] 48 ddA+ 1 MHze ®mEV|Z
HE A wlo]3 2 o]B divider®E T3 $4 QHU eAHBRAI EFA
A3 E Yol A, AL QHZAFIE agilent A Infiniium 54885A% A AIZH
HAY WEY £5E= 206G sample/secol™ 6 GHz9 A37Hx] BEFo] 7tesict. 3
PHZIIZHE 4 MHz 359 F5o) 2ASEZ ol& AAFY] 3 obdza ZHA
HE & AHE-sH5Th o] A4 foll AF3 TUS S ths] 2A12F o] e] Al zHutel Al A
Ror o] ALEY BER FAE A eode 108UZE A £ Ao 42 Fojn
Alaele] FALS wE ZPAte] vk, 28y k8 A0] stepped frequencyAlAF
H| 8] o] Hojohad F L& = gA =k o] 8 &) P&l LT Aol AP S
53 4719 2155 vlwd Bk (Fig 3).
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Fig. 3. Measured transmission between the double ridged horn antenna and the
optical electric field sensor at a distance of 1.5 m. (a) frequency domain signals
by the stepped frequency radar system and the impulse radar system, (b) time
domain signal by the stepped frequency radar system and (c) time domain signal
by the impulse radar system

Fig. 39 (a) & stepped frequency #olth A|ARIT JHA oo A A AB 9 Fa5
FHoA 2 vlmolH (b)gh(c)E AlFANAE vlmoltk, (@8 2 GHz °l39
AFolAs FE2 dojtt A" AE7F F o 28k 3.5 GHz ol4elA = stepped
frequency#oltte] AZ7t F o g AL & Aoy F A7} v § fAEE & F
Ak AEHE ARES B]J’J;'_fiﬁ B stepped frequency #Holth AAH] AF7}
350 F o 2 AR 2o Ay & Aoj7} glSE ¢ & A3, FFATE Y
87304 8y o]F @EA #Hojrh AlAHo] whE A& FAsH )

AEA GOICH AIARE Ol28 XNZEX

e g2 dolg JAF AARE ol8ste] A% A¥L FHSY. A% A A%
e w3y AUIME 29 4 AIAT AT o7)A 29 53 L
2| A|0}7]17} R ALE o] FAT F S} YULE A LY A9
S 718 7 AoH, A4 S AA A7l BASA &L AE FFolHEA

2 o g 41 &
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(a) The side view
Ya
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(b) The top view.
Fig. 4. The measurement configuration. (a) the side view and (b) the top view
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Fig. 5. Reconstructed images of the PMNZ2 buried in sand by TM mode for different
depths.
Fig. 55 TM E=of st A5 &4 232 34 5 $9 3D ¢
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inverse filtering € Az ¥ FTE E3] A7tgde Rz WHild 7 3A

Z 3k (diffraction stacking)< AXA Bt} Fig. 6 ¢ — 6cm 9 AFoA AFHE HE

HAF S 98 4 ey 2 282 A58 vgshd o)== A3t Ao 14. 22y

FUs vy ) AEH5F5A o é# } T FF B
1

390 A 1= FdA AAME o] §35 GPR A|AH
= ?5‘73}93‘4. ézéil*t— 117]75*94 QH‘?T% E]iﬂ st FAA A= 2718 FAZE S
Aol 574 2ol Adgk o7 7 EHE el F
kst & 4 %«‘4 la‘/‘r B A ‘ﬂ’ﬂ‘“ GPR%L 2 /g g Ao] oft]o| A GPREAL &
et =3k el ol S/NH|E 7HX] 7] Y8iA B2 A8} 7o) Festgion ol & F3l ¥
AA AXE GPR AA @3] A &317] st 54 AL E /L3l
M e Y ESY A7) 7193 stepped frequency radar A|A8-E 7L & o o]

Al e ol 2 SAZALY] G S S5 A8 FAdT FE9 S/NHIE 7HA & impulse
radar A/ 2" e St W A3 AR FEL A9 T SHARS A5 54 9

8y o] Wil AE & g Uen, FUs ARE AL SHYCE A5 A7 100
v o] whep g 9,1 gt B35k o] JEA otk A|AFE PMN2 A 2 EF e
s @ Ao AEA Ao A gsto] AFHRYPS g FS53oh
o] AAAHLE 14 N71E o] &3 553 F el bistatic radarA| A0 ZE 851 )
o] dojA|&= A7} %ﬁf—dﬁ?} off set 7} 71E A golot A EAa e ALsr] I
7 8be) st s A= 71H GA] A Est7) 7 4R 2 ol & 98 @A 3D NMO B
AT FolH o] & T s xR HH S H LT AFo|u
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