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Measurement of Reflected Microwave Guided-Mode Signal Propagating along
FRPM Pipe-Wall Using Electro—Optic Sensor

—Non-Destructive Remote Pipeline Inspection —

Tadahiro OKUDA'*  Sayaka MATSUKAWA ' ™"  Satoru KUROKAWA " T "
Kosuke YOSHIDA " and Hiroshi MURATA "

T Graduate School of Engineering, Mie University 1577 Kurima-Machiya-Cho, Tsu-shi, Mie, 514-8507 Japan
I Kurimoto,Ltd. 12-19 Kitahorie, Nishi-ku, Osaka, 550-8580 Japan
T T T AIST 1-1 Umesono, Tsukuba-shi, Ibaraki, 305-8568 Japan
E-mail: Tt _okuda@kurimoto.co.jp

Abstract We have proposed and developed the non-destructive inspection method for buried fiberglass reinforced plastic
mortar (FRPM) pipelines utilizing microwave guided-modes propagating along FRPM pipe walls. The key point of this method
is to detect the microwave guided-mode signal reflected by a foreign object on the outer surface of the buried FRPM pipeline or
a crack in the pipe wall, which enables us to have non-destructive inspection of underground pipelines remotely. In this paper,
we report microwave time-domain analysis results of reflected microwave signals using an electro-optic (EO) sensor. Rather
clear images of the reflected signals are obtained with a high signal-to-noise ratio compared to the results using a standard dipole
antenna.

Keywords Non-destructive inspection, Microwave guided-mode, Time domain analysis, EO sensor



1. 1T BHIC

W77 AF v 7 HEE (FRPM &) 1%, &&E»-O
BBRETHY, MEEIZLEALTHDZ D, B¥
FAKBANSNA T T4 R T AKEE R ETHEHBREE L TH
AEanTnad., Fiz, EF CIREMERHE L BiE L
TR BE 2 BIMERICHD. 20Xk, EFfL
TeRiRRICR L CHRERZ T A i L, iR L e
WEMIZERT D52 LT, TV 27 0KHEE X Vi
HOEHMLEZRIBMARED LN TS, L,
HE 472 FRPM B 2 JERE M I A T 5 72D 0 FE
B FEEEL S TRy, LR T, HEsh
72 FRPM & O 4 & 2 W & FER 8 0> 03 [ T1T 5 Hifl
BENRRD LN TWVD.

FRPM & O FEMHER A H L &L L TIE, MRIL, X #, B
JOBEEREHEHRT 5 FEREZ XN TWS1]-[3].
L2rL, MRIX X BEFEML-HmATIE, LERZRM
DR THDEHIL, MTICHEBERINEZSAT T4
OBREIZEFE L Ty, £/, BERZERT 2
G, NI VAT a—H—FE 4 TEHICES ST
LZHENFHEETHY, RERBE SN —EHMICR
EEND., LEEroT, REMCELZ XA T F714 0D
FAEEITO ZEWRES TIER V.

Fxlx, TNETOMIT, FRPM FIZBWTITA
W 1~9 GHz O~ A 78— RFeELT
FRPM E#OEBEICEHA LA LN TEMRT I L, &5
12,2 &K 20mm @ FRPM & Tl LN /M0 (<
¥ dB/m) T EEHSLMNI L. 22T, ZORMEEF
ALT, ~4 7 v EE— M4 fAviz FRPM & 0¥
WEREEEZRE L TV 5[4]-[7]. FRPM EEEIZH -
TEWT L~ A 7 a8 — FoEMeE (FE -
ot - EL) 2MET S & T, #HE Sz FRPM %
DN HEAEORYCERER T - WO RRZ IEMEE T
BMETDIZENARRLRS. &6z, tER (EO) &
VRN T A N—V IR ED T+ b= A &
WHT5ZLI2XLY, FRPM 2SA 75 A o % e
DYE—FNTCHRETDIHZILHLARBTHD.

AT, KN LI~ 7 0@t — F{E 5% EO
U ERHWTHE LRI OWTHET 5. K
Shk~A 7 vEEEE— FOFEE% EO & ¥ CHl
&L CRMERMBITZITS 222k, XA 7F 4
M DT DDA A= T EBTRAICHKI LT,

2. v A 7 uEEEE— FOLIRREE

FRPM EHEEIZIR » CTREMMT 2 ~4 7 a &€ — K
DOEVEZ R T D 7-DIT, Figl \ORTHEREIT- 7.
~ A7 mEEX, X MVRYy VT =TT F T AP —
(VNA) it L, RET VT TR LOZET VT

FIEHROAY —THE AR =T T FaEHHLTE.
Fig.1 (a) TIEE & 1,000mm, A% 250 mm, /£ X 18mm
@ FRPM & % T, FRPM EDOWHEICERET > T F
%, FRPM E O XM OMHEICIEIZET v 7 T 2 & iE
LT, AEE1I~6GHz BT D~ 7 nii0FHi@E S
ZWE L. £72, Fig.1 (b) TIi%, FRPM & % B v B&
WT, BRFT7T VT FRBIOZET YT T 0RE
1,000mm O [EF& % B8 F T Fig.1 (a) & R UL &L &
2B EHOIICEBEL T, FRPM R WIREST b b,
ERPEERT I~ 7 aEOREEEHE L.

HER R % Fig2 IZ7-T. FRPMEN2X H 5 B4 T,
FRPM BN WEHAICHA_AT~A 7 0l E 50 %G
B LN 20~30dB L Rols. TOZENDL, XA
R—=NT T F&HNT, FRPM EFEBEIZH - THEIET
LA 7 mEEEE— F2iE - i cxsrz L, B
FOEBEZH > TERT I~ 7 08T — NOE
MIEBEN NSV ERNDN5.

EOICEHEMR RN 21T > 1245 %, Fig. 1 (a) DEBRT
%, ~4 7 X TE £ — K& L C FRPM & RBEIT
ISP LAD DN TEREICH > T2 2 &,
Ehiz, EEWK, FEKEE Lo THEIRLTZE
TUTFIRBEEL TS Z ENbhro2[4].

(2) (b)

''''' BETVTT w5
FAR— =
7Y7)

HETUTS ST
(FARm LT o5 = port 2 (BAR—=IWToTF) port 1 port 2
RYFLFRIRT—Y AL
TFSAH (NA) TFIAY (N

Fig. 1 Experimental set-up.
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Fig. 2 Measured microwave transmission signal in

the frequency domain.
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Abstract
simulation results. We developed a polarization simulator with noises using the Jones vector. We expected that the existence of

This paper describes the noise analysis of an electro-optic (EO) sensor system based on experimental and

the laser polarization noise can be demonstrated by our experimental setup with and without the polarizer after the laser source.
The noise characteristics of experimental results more than 4 kHz agreed with the simulation results. However, the noise
characteristics less than 4 kHz did not agree with it. It was found that noise characteristics less than 4 kHz are caused by the light
intensity unbalance.

Keywords Noise reduction, Jones vector, Lasernoise, EO sensorsystem, Differential detection, Fast Fourier transform
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