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Introduction

Over recent decades, there has been rising demand for
health monitoring of infrastructures that are susceptible to
various forms of degradation, such as earthquake damage and
aging, which has led to a major increase in research on optical
fiber sensors. Brillouin scattering [1] in optical fibers has been a
major tool for developing these sensors, where the distribution
of strain and/or temperature of the structure under test can be
obtained by measuring the Brillouin frequency shift (BFS) within
fibers under test (FUTSs) [2,3]. Here, we focus on Brillouin optical
correlation-domain reflectometry (BOCDR) [4], distinguished by
its advantages of single-end accessibility, relatively high spatial
resolution, and the ability to randomly access sensing points.

In a standard BOCDR system [4], the output of a single laser

diode (LD) is divided and used as both pump and reference lights.

The Brillouin gain spectrum (BGS) is observed using an electrical
spectrum analyzer (ESA) through optical heterodyne detection
between the reference light and the spontaneous Brillouin-
scattered light generated in the FUT, and the distributed
measurement is performed by the frequency modulation of the
LD. However, three primary limitations are associated with this
method: (i) a delay line is often required in either the reference
path or the pump path, as it is difficult to move the position of
the O-th correlation peak by controlling the modulation
frequency of the LD, (ii) the BGS is observed in a high-frequency
region in an ESA (~11 GHz for silica optical fibers), necessitating
the use of an ESA with high specifications (or electrical
heterodyne detection), and (iii) the LD modulation frequency
needs to be swept to perform distributed sensing, causing
variation of the spatial resolution during the measurement.

In this work, we newly develop a dual-laser BOCDR
configuration that employs two LDs for the pump and reference
sources. This configuration enables distributed strain
measurement without the need for a delay line by adjusting the
relative modulation phase of the two lights. We successfully
demonstrate this approach with the BGS observed at a down-
converted frequency of approximately 2.20 GHz as a proof of
concept. Despite the necessity of an additional LD, the dual-laser
BOCDR simplifies the system, eliminates the reliance on high-
specification ESAs, and avoids sweeping the modulation
frequency for distributed sensing, leading to the constant spatial
resolution regardless of the sensing position.

Principles

The experimental setup of the dual-laser BOCDR is illustrated
in Fig. 1. The optical output from LD1 serves as the pump light
and is introduced into the FUT, and the backscattered Stokes
light is directed into a photodetector. The output from LD2
serves as the reference light and acts as an optical local oscillator
for optical heterodyne measurement. The electrical beat signal,
with a frequency of the difference between the two lights, is
monitored using an ESA. To resolve the sensing position along
the FUT, the output frequencies of both LDs are modulated in
sinusoidal waveforms under the control from the two channels
of a function generator (FG). We control the modulation
frequency to generate only a single correlation peak within the
range of the FUT, thereby enabling selective observation of the
BGS at the position of the correlation peak. By sweeping the
modulation phase difference between the pump and reference
lights with the 2-phase function of the FG, the sensing position
can be swept along the FUT, and thus distributed measurement
can be achieved.

Experiments

We first conducted distributed measurement along a 3.67-
m-long FUT with the dual-laser BOCDR as a proof of concept.
Two distributed-feedback LDs at 1550 nm from the same
production series (155010C1424-19, CivilLaser; linewidth = ~3
MHz) were sinusoidally modulated by the two channels of the
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Fig. 1 Experimental setup of the dual-laser BOCDR. DAQ: data
acquisition, DC: direct current, EDFA: erbium-doped fiber
amplifier, ESA: electrical spectrum analyzer, FG: function
generator, FUT: fiber under test, PS: polarization scrambler, TEC:
thermoelectric cooler, VA: variable attenuator.
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Fig. 2 Measured distributions of (a) BGS and (b) BFS along the FUT.

function generator. The modulation frequency was 3 MHz, and
the phase of Channel 1 was swept from 75° to 110° to scan the
sensing position along the FUT. A strain of 0.2% was applied to
a section of 71.5 cm on the FUT. The output frequencies of the
LDs were stabilized and controlled with two thermoelectric
coolers (TECs), where the set temperatures in TECT and TEC2
were 24.2 °C and 27.2 °C, respectively. In this way, the frequency
of the reference light was several GHz lower than that of the
pump light, and thus the BGS can be observed at a low frequency
in the ESA. The measured BGS and BFS distributions along the
FUT are shown in Figs. 2(a) and 2(b), respectively. The measured
BGS is normalized by setting the noise floor to 0 and the peak
power to 1. The primary vertical axis in Fig. 2(b) shows the relative
frequency between the reference and Stokes lights, while the
secondary vertical axis shows the BFS calculated by adding the
frequency between the pump and reference lights. It is shown
that the BGSs were observed at significantly lower frequencies,
and distributed measurement was successfully conducted.
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touched at positions A, B (FBG), and C. The power

variation without touching is also displayed for reference.

FATIGE (Z v —T 4 7 4$5 500) TIXEWIEEH CHEil
\ZfE D U —BENERENT-[3]. AER (' L—F 4
7% 100) TIE DO RATIT TOHNNT —ZEEHEH S
7o F1-. ZL—F 4 781,10 OV LT, Dk
E#ICBWTHEMYE > v VOBMEIZMIR TE 2o T,
PlbE& v, Z7v—TF 0 7L, B v v ZTEEICEES
RO =N AE L DB ERFIROLS EIEOHBERH 5 L&
Zohb, WEHEZMN < FARETICIESE 5720120,
I BEL LD T v—FT 4 VITHEBREE LNV ENZ D,

&5 K

[1] Y. Mizuno, et al,, Light: Sci. Appl. 5, e16184 (2016).

]
[3] K. Noda, et al., Appl. Phys. Express 15, 122005 (2022).
[4] H.Javid, et al., Appl. Phys. Express 16, 112001 (2023).
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HESFNSEICLDIRERESHE FBG 29—

Long-distance quasi-distributed FBG sensor based on time-division multiplexing
dLBEXE!, BREZEF' HFKEE!'

Department of Physics, School of Science, Kitasato University !, °Keiji Kuroda', Kosei Shimizu'
E-mail: kkuroda@kitasato-u.ac.jp

Fiber Bragg Grating(FBG)I&, J&.7 7 A N—D a 7V IZEHHEF B SN TWD I T 7 A N—BIF S 2T, Bl
WAORBRMICL 27T v VR 2T EORRDO BRI T 5, FBG ICIREEILLELNMDD & R
ENVT7 b 510y —~y FELTEHEN TV S, BE—(EZEKIZ FBG ZEANCHAATZ & T8V
VU WARETH B, SafbDIEE LTI EIZE(TDM), EESEZEWDM)ZR EBRHWLNE, %51t
DI P —ITRD BN HHERE S L CILEERE, BEO 7 L7 UMrE, B, M5, b7 7 i, &
FEEPEZR EN B B, 20km &z 5 RIHEY 0 —ICB L CIMEIHB RN H B 720, % FBG O T EIE 90%LA
EOLDOEHNT WDM £ 51k %E1T5, ZOHE. ZREORIUIHIEDO N RIgTHIRS LD, Fx D7 —
FTCEANT XA R EVD 2 LI X D ERERE FBG v —DBIE 1T > T\ 5, A lElE 14m. 2km. 42km
DBy B E S 7= 1% 52 FBG @ TDM % SRl o — 2 oW THET 5,

1@ 1% 5% FBG #BEFIC L b LI E ORBALKTREZ 7 2 > b L TW5D, FROFERHIFRE % B
B L7725 —# (D) T Ip(FBG)=(1-R2®DT R=0.01 TH 5, X 1(b)ITEMER TR U < FROERNT — % (ID)T
Ip(Pro)=102#0-D10 T 5 Z ZTEkIXT U A7 7 A N—DEHHEK 02dB/km TH D, —H~7 7 ¥ A U EH(HD)
TIEBRICOERIE Eed) & DIRE TREDEARIE Esg) % 2|EseEred & L THIET 2720, (KEMEIZL— P30 0 FNF
AU Ip(FBG)=(1-R)®V & [up(Pro)=10* D10 L 72 % & 1(a), ()P FDWANT —F Th b, F72 1%FBG % 0km 7>
5 1km fEFE CTRE L2 8A . EHEH Iin(Total)=(1-R)X™D X 10-2k0-D/10_ 1y Total)=(1-R)(™D X 10-4@-D0 & 72 1) [ 1(c)
DX H1T7 D, HlZIE 1km RIFET 40 B FBG #EE L7234 ID TiX 1l B @ FBG (2L~ TE S58E 2 20dB
A LT A DIZkt L, HD TIEBA RS 10dB FREICEM S LTV 5, DFE Y 40km (27 > THLE L 72 FBG
ZR UA— 4 —OE 5 E CRIFHIMM T 2 /et R~ LT 5,

2ICERY v M7 v 7 AT, JEE L LT DEB-LD (Distributed Feedback Laser) 7 L o & V>, EEEZEHHIC L -
TS 1531.0nm, 7L ANE 1.4ps, 0 K L 19.92us D/ IV A ZFEIRSE 5, 2L A1L 90:10 77T —THEIL 10%
R~ —H—D CoHa BV~ D, 90% %2 E5E LES & S RUL L LIEFIEITMEZHE(IM) T 60ns » L AT
L, ¥—F 2 L—F—RETE L —IART 5, FBG REGITBML L B 50:50 77 —TRASN, ~
TREALURHEND, AT T =D ODOHINIEBRHARIC L > TR S, SEREEREPD) THRIE L7z CH &
IVIBBEHRE L L b A a—T B L TNV a3 TRV AT, BYIKL 20 D Ramp EEZ L—V—DiE
Eay ha—Z—(TEC)ICHINT % Z & CHREWRE)BEREI 217 9, B2 —BIdm s o 14m ONL{E |2 FBGI,
FBG1 7> 2043m OAL{E 2 FBG2, FBG2 75 40424m OALE |2 FBG3 AELE STV %, FBGI & FBG2 IX=IRIC
[& 74 FBG3 I TEIRFE(WB)D FUIZ ARIREZE L% 5 2 5, FBG LA THLIKE 1531.0nm, /3 RiE(FWHM) 0.2nm,
KHER1%TH 5,

@I — MEBERT, ZZTHR/ULRIT 420~421.3ps FEE £ TIEA > TR Y. 60ns DS
NWAELDOE—MEENIDTNTVE AT/ VLA LS UL AFE L L—F—HINOLREIETNE72 14m
NLiE D FBG KAHE T3 228 2km, 42km {7 & D FBG 7> 5 O S 2SR BRI B3 2 REBIEK 20us &9 420us
THDHEORICHANLRAESEEBR LA LI TR LR, — T/ UL AORDIKLER 20us & LA
2km FBG 1% n & HOKE & ntl FHOBEIE, 42km FBG 1d n & H OREHE & n+22 T H OB RO T T4
%y DFE VX 3)IIR LT 420us @ 22 FHDOSFULRIZIE 3FBG L OO B — MESAFRIICHRH SN D
D, EEL7 7 AN—RSIIA— MV — X —F THE L TRWOTFBG3, 2. 1 DOJEE CHEES FBG3
DEENT-ALEICEII SN TS, E— MEBOKE SIIEHEL & THREORCIREETRE D, Z 2 TlFEE
FAED =D 3EHD FBG DA FHNTNA DY, 0~42km {272 - T 1km FIFE CTHUE SN IEE R 1%0 FBG %R U A

; S e 3 Sk g <5 Ty —
(a) Multiplexing (b) Propagation h & ‘—‘/C TDM gﬁ'ﬂ:ﬂﬁbf &) %) : k ﬁ) bﬁ)é o D%(Eﬁ“( Li{ﬂallgt :/-‘j— @]
1. 1 TN
i R EICE L THHET D TETH D,
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FOT4774XBREIZEDEHBEREZEA T M AD=HILAE
Highly sensitive optomechanical near-field detection with active noise reduction
NTT Pt EREEE CIEARRT, RFx&d, WwOiEs, X8
NTT Basic Research Labs, “Ryoko Sakuma, Motoki Asano, Hiroshi Yamaguchi, Hajime Okamoto

E-mail: ryoko.sakuma@ntt.com

WX v BT 4 2 AW A T N A =7 KiE, JeEEER A LGB E R 025 b 6
W NIRE) 7 O B EE AN R 2 PRI T B [1], HRI2, BUhv U AERE T — T RO v v
T4 & LTHWIZII S IRE RN, JeX v ©F ¢ L REEICIN L REKICEA T 5 2 &
e, [JF v 7 ETOVERRINEE 2RSSO E ORE) 74t 2 51 © & 2 LA Z OFREo[2],
L L, kFx ©F ¢ LINLRBWARE) 70 DA S B4 7 b A =2 ZMETIE,
EROELE, FICF Yy BT 4 LIRETOF Yy v THROESL LD /A X707 O LA
BTh o1 [3]e AR TIEARE N ) A RS EDLT 7T 47 /A4 Xay ba—/L &L,
J A ROV DIERC X D EIRE AT N A B =T VIlIE % FERE LT,

AAFFETIZ, ML LI2 V7 7 A RN ZHF v BT 4 (Q ~ 10)ICHEfih S5 Z & T, Ha*x
¥ ET 4 F— FICHEGIE, S HIT SIN EEIRE)1-(50%50%0.03 pm)Z 6% ¥ ©7 ¢ [T S5
Z L, HEEE AL S EEEYRE O = L X 2SR OVEEE(PSD) & HIlE L (K(a)), HIE
FROARSE W ) A A(~100 Hz) A& 5 7 « — KNy ZHIEREE X, (A 7 b OgE 2 5 N
R/XA 7 4 V% (BPF) & lEg > DAL L, BHDED ACRO 2 ATMEEE LT, 74— Ky
ERAET/RT T a FICE LTz, BOIRERIZ, 7 4 — K23y 7 §If#EFBPF: 110 Hz, 71 >: 60
B DOEREEIREN D PSD 27~ , /A X7 B T34 0.5 FICEM I, IR QMYtx v 7 4 ZHWw
A THEMEI A7 MUVBBEARETH 5 2 L aVURENT, ATEL, HWER K OKE
BEZAZRTHZLICED, XY ET 4 DV ay A XELEREBSE D, 4%, SRR
UINMEBN T 03 2 8 S 22 G~ D BN IRF T & B,

AWFZEI%, ISPS BHIFE JP23H05463 DRI 2% T 726 D TY,

[1]D. J. Wilson et al., Nature, 524, 325 (2015). [2] M. Asano, et. al., Appl. Phys. Lett., 112(20), 201103 (2018).
[3] R. Sakuma, et. al., arXiv:2402.08179, (2024).

—w/o feedback |

2.887 2.888 2.889 2.890
Frequency [MHz]

Fig. (a) Schematic representation of the active noise control in the near-field optomechanical
measurement mechanism. The amplified and dephased AC output of the avalanche photodiode
is applied to the nano-positioner. (b) PSDs of the thermal motion of the membrane with (red)
and without (black) active noise control.
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HART—F&8Fv—7 LPG ZAWV-{REEEE EDFe L—H®D
METHREE L YADEA

Application of Polarization-Maintaining EDFo Laser with
Cascaded-Chirped LPG to Intensity-Based Sensor

X  CHEY &, FMEF EA, MB K

National Defense Academy ©Satoshi Tanaka, Makoto Okano, Atsushi Wada
E-mail: satoshi@nda.ac.jp, st_nda@ybb.ne.jp

INFETEAIZ, WA= FNFx—TREENT 7 AT L—TF 42 (C-CLPG) %k
BRFEFBLONEUHHFEF L LTHWE EDF L—H 23 2R L, F00EMEREIzON
THHMEIT> CT& 72, &<, #1ViRL C-CLPG % i\ 7=citikEs" ! EDF L —% (EDFoL) % ff
W2 FIE[L]TIE, C-CLPG 2B 2HEEITHIE R EZ R L, B v v TEERICB W THLE
L7 RBIREMEDS FREZR 2 & Z2on LT, £, REEPRFF EDFA (PM-EDFA) % v 7= PM % EDFo
L—+H% (PM-EDFoL) Z#7-IZHREL, LV ELEPDEREE e L — Rt 32 5B L 7-[2].
A5 TIL, PM-EDFoL OZLE LT=H 13T — Rtk 2 3G 0 L7258 & o o v 7 D SRR SR
Z{To 7.

PM-EDFoL (2 X 258 AR v v 7 OFEFEFEBR D 7= DITHER LT KRR % Fig.l [ZR-7.
BUZRT XL 91, PM-EDFoL T ERIRZ FHB LN HH# L LT, 77 77 —[FE&HIC K
L0 L C-CLPG WL TEY, L—FixZ Z THWHND C-CLPG-1 DF ¥ KL ALY
NLE—27 OO STHRIET A, T2, MELSHUOE L 7T, L—FHEEEEE T ¢
NHE L THWD C-CLPG (C-CLPG-2) #iFiaSt, L —HORBIRKEIZANRNT ML OMHREN
(EMER) Z2EbED 2 L TRIEREA(LICE LR Y BELEBH N HHAhELTHELND. 7
B, ZITHAK L7 PM-EDFoL TiX, fREARFFRIO Y o VRO AT L0 IR S8 2 5E
LTWHEITTRL, F¥ RNVART MVORBERGFEDIZIZER T C-CLPG WA Z & T, A
FHOIREZEIC & b2 ) EERDOFRENRE L oo TS,

FLREFEFRD 1 il & LT, C-CLPG-1 O—¥illift v Ik LA % 5 %, C-CLPG DJEHIZTE[3]IC &
LA ERIE LR A Fig2 IORT. 22T, 2UVRAAT— U &BRE L 500 um DZE(T
g CAEN %2 TORRIC STHEEH 2 7-. Fig2 D7 7 7128\, @13k 0.5 sl Rit ClllE L
HIREEAZRLTEY, ROERIIZEDO L X/ REIRO M) CHREZEIZE b TXE
JGESHETND., ZNHDOT T 7005 L 01, BMEEREOYE YN L —F ORRRE
BRI L THE LN TS, GEE T, 1ERDEENIEZ AW FIETIIREECTH - 72 ik
FER7RIRENE v T OFEEERICOWVWTEHRET A TETHD.

—_— PBS C-CLPG-1

1560.0 |-

1559.5

C-CLPG-2
J G

Wavelength [nm]

1559.0

|

0 50 100 150 200 250 300
t—@ Experimental number
Fig.2. Typical results: wavelengths (circular
Fig.1. Experimental setup for an intensity-based sensing plots with black line) and intensity-
with PM-EDFoL. based sensor output (red line).

ik [1] K. Fukushima, A. Wada, S. Tanaka, F. Ito : Opt. Commun. 58 (7), 127713 (2022.4).
[2] B, BEOK, fRUG, REF, FH @ 55 84 [RIFK TR G 2 TAR4E, 23p-A308-12 (2023.9).
[3] K. Fukushima, M. Okano, A. Wada, S. Tanaka, F. Ito : Electron. Express, 20 (2), 20220496 (2023.1).
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OCDR & BOCDR D/ \f T U REE%E
Hybrid implementation of OCDR and BOCDR

OAMRH 5z ', ME 21 ', Al B, &iF R°. HBE EN°. K ¥’

"RENIAY TR

INTT 7oA H—E RS RF AR

OHaruyuki Kubota', Seiga Ochi', Takahiro Ishimaru 2, Hiroshi Takahashi?, Yusuke Koshikiya?, and Yosuke Mizuno'
! Yokohama National University, 2NTT Access Network Service Systems Laboratories
E-mails: kubota-haruyuki-bc@ynu.jp, mizuno-yosuke-rg@ynu.ac.jp

1. FUSIC

B A 27 T ORFELERABEDEIEE 2> TR,
BRECHIZIER WAV Y NEFT AT 7 A4 3B HICE
BREE-STND, FTH, KT 7 A IR T4 DYt
BONHERIECTE ANHN I DOBERAE LU,
DAL DIET 7 A N o id, E ONLE RO D & FREfH
FRSEE - A RIS - B RRIE O 3 BRI KBS D,
EFNHD 5L, Fx FFABEFEEREOHZEICEE D > TV 5,
FEBEREIk AT, HIE T 74N (FUT) Ofidmos 5% Ak

T5HRE RIOHN O 2 AT 2 HRITn T b d i3,

BEBOFDEEBEOBBENS L, FEESEV, FiEA
R O BIFEIEIC S S Hiffr & LT R RS Z2E T
% DCABBESEER S5 (OCDR) J [1]. B LU, & - WES
FiafET D (707 o NEBEHEE S F (BOCDR) | [2]
BELNTWD, Thbb, KERSHHDVITE - BES
i % ENENMILNCHIET 5 VAT MIFEBH I TWD,

— T, TNOOBERBHIAETE 2V AT AT EEH
HEEINTWARY, E - BESAITINZ TSR0 &[RRI
FHAlCE T, ERREL L E bW RO OB
NARE L 720 | & OREMEBOE NN LTS5 5
b,

F 2 TAMZETliL, OCDR & BOCDR D A 7Y » REEE
ZERT D, BRI, kD BOCDR OERZ T, £y
HREDOIH I BT, KHBRSMAREEL HEHATE DL LEE
AET B,

2. [REEERERR

OCDR £ L1 BOCDR Ti&, L —H M ER T % i
T2 LT, FUT 12 MEMEY—2 ) 4R L, ZOMENLOD
R BELDE) Oz BIREICHE+ 5, 22T, Z#HE
W HE LMBE Y —7 2851352 & T, omillEEFEE
4%, OCDR T, KU —%{iBlcxf LT ey 15
ZETREANY -5 HtERES D, —F7. BOCDR Tii,
FNEICRBIT BT VLT VRIS ARY h v (BGS) Z A L.
ZTNOLEB LT VAT UEBEY 7 b (BFS) O0fi%
EVEE O FIHFRICH AR Z D,

4 E V72 OCDR-BOCDR /~1 7'V v K% % Fig. 112777,
N— R =TI, YR BOCDR OFEBRR L FETH D,
R 1550 nm. #UE 3 MHz © L—F %A=, ZR%KIC
1L 2 km OBIET 7 A NEFA LT, ZaEM L 2089.5-
21389 kHz & & b, ZFIERIX 215 GHz & L7z, F7-.
FUT ~D A /RU—13 19 dBm THEE L7,

ZO3FEERRIZ, OCDR & LTIk, TENFLEHBEERMEL
7-f#i{. OCDR [B]DHEBZR LT LN TE B, RN
LD THE S 2 EBRIERICEH L (BGS DM A ATRE
REWRT+ NF 4T 78 Tho THIRBRE TRELHT S
729, [F—o PD MEHAEE), BRANT N T LTS T4
¥ (ESA) D¥ v 2/ #EEE VT 100 MHZ 12381 5 B
NRU— O A28 L7z, OCDR & L COHiHZE M/ iF
BEIZ 29 cm., HIEL 21349 m ThHoTz,

—7J7. BOCDR & LCOBEMELREETH D, SR & KA
HOFTHEEEBEBLRGEFICER L%, PLOEEEED 1
GHz |23 L 7= ESA T BGS %##Hl L. BFS Z& H L7=, ESA
T BGS ONEHEHE 10 [|], JIEASE 125 . 1 SOHEIE
JRIZBIF B BGS OH Y L—RE 19 Hz & L7,
BOCDR & L COOBEGmZE[E /2 fiFAEIX 21.8 cm TH Y, HIE L
> VIX OCDR E[AFRIZ 49 m ThHoT,

AT Yy REWEEZFFET 57200 FUT Offk% Fig. 2
WZRT, PC 22 & L B CHRAITR W S 2322 U %
(FFHREOHINC LY . BIRHTO 7 b RV EHEEEE S

Correlation peak

Scanned

|C0mputer |<—| ESA |<—| PD |

Fig. 1. Experimental setup of OCDR-BOCDR hybrid
system. EDFA: erbium-doped fiber amplifier, ESA:
electrical spectrum analyzer, FUT: fiber under test,
PD: photodetector.

7m 9Im OCDR measured range
2m O5m  im  O5m 2m @
Strained: ~0.2% Loss
PC APCy PC

BOCDR measured range

Fig. 2. Structure of FUT, where strains and bending
loss were applied.
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Fig. 3. Reflected power distributions (a) without and
(b) with strain applied.
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Fig. 4. Measured BFS distributions (a) without and
(b) with strain applied.

Bi2), £72. H02%DEE 2 HETOKBIZEIN L=,
3. EERIER

FT. BEML T ARWES & EAHN LI5S ORI
ROHMEDFER%E Fig. 3(a) & 3(b)icznThrd, ED
AR, PC ax7 # LB v — 27 NIE L
WEEIZH Sz, iz, ZFHML T RWEE L ES
FIIn L 72354 @ BFS SAlllE OfES % Fig. 4(a) & 4(b)iZ#
nNERT, BEIMZE Y., 2 EHFTOK 0.5 m DX T BFS
N7 FPLTEY, ZHUIEBEOEHMXMIC—E L T\5,
F7-. BFS ® 7 h&I% 100 MHz BRETH Y . 0.2%DED
RESIZHBEBW—HEZRLTW5S, LLEXY, BOCDR %
BARIIBWCEEFUEOAZET T2 212X, EHAAE
TR AT =02 BETE A Z L 2 LT,

SE W

[1] K. Hotate, et al., J. Lightwave Technol. 11, 1701 (1993).
[2] Y. Mizuno, et al.,, Opt. Express 16, 12148 (2008).
[3] M. Shizuka, et al., Appl Phys. Express 9, 032702 (2016).

03-224

SESSEICAMEFAUTPMARS BRTRE (2024 KEAVEEI2RBHEAVFMY)



18p-A35-9 HESEISAMEE AHELIMRS BRTFHE (2024 KEAVLEN2RIBEAVS 1Y)

BOCDR [ZH [T 5 BRIEFNEROMEB DS

Separation of electrical signal processing units in BOCDR
OHL '\ K& B2 5% 8. FHith FX', KEF F&H° F VLA
'EHEIEXRE KEREBIZHMRE HEEEILIKFE KFRIFHMER
ORyo Inoue!, Ryuki Ohata?, Shu Iwasaki’, Keita Kikuchi', Yosuke Mizuno?, and Heeyoung Lee'
Shibaura Institute of Technology =~ 2Yokohama National University
E-mails: af20077 @shibaura-it.ac.jp, hylee@shibaura-it.ac.jp

1. FLHIC
TP ANRNFTELDL T I AT UBELE TAVEE - REE

FIE, B EE RIS W TR SRS 2R - RO &
HIETE D720, WiEYOREEMZK A~ ANEfF ST
Ho TNETIZ, BRTIAT VBELZRAWE (U7 3%
FHRETEIR N $15F (BOCDR) | 72 &, Flix D7 VLT 9N
BRERINTWDI,

BOCDR /L. ITE 7 7 A 7S (FUT) D A8 ~D A TEIE L |
mm A — X OFEWZERSREE, T X LT 7R, UT LA
A NENVEVE, RBEVE A 36l 2 D ME— DT TdH %, BOCDR T I
e o b — L RO ARERIICE S X | BREEH S i Electrical

1
1

FEENXEBBEZTHESES Z & CRUT HICHEBE Y — 2 (| spectrum
EACE & UCHEEE) 24T 5, AR oSz & v FER analyzer
E—2 % FUTIZHh» Cigl42 2 & C, FREMNEIZBIT LT b ]
VLT RfFEART kv (BGS) DM BT 5, Z® BGS Fig. 1. Proposed BOCDR setup.
DO ERCIREDIERICTHAEZRRRT VAT VEE T~

N (BFS) 2R+ 25 Z & T E-REDHMEENREL 8D, Strain(~0.2%)

B63lT . BOCDR OBt Fl D 7= 012 FEERFR D/ N3 AT LA\ ]

Loss
Qo

W, LnL, RIMOBEKRARY 87 L7 F 7 4% (ESA) DB APC
AEZ /MO o —H UalE CHEBET 5 DITE S Tliaw,
Z Z TANIZETIZ, BOCDR DEBRTZDORKEICH HEXIE

Yol
~0.1m

1.0m 1

FUT

o——

BT A B O BN - BT RRE L e HIE R & R R | .
W7 7 A NER LTSS 5 HRAERRT 5, ZAUC LD L ESA °';,2:¢'°”A '
RIILD LT HERT A ATERBPOAL— A& EHT 5 2 ,

LERFECE 5, AT, WREHEET 5B 7 A 0 L
£ &7% BGS * BFS 4340 HIiE O Bz R IE T 8% F 45 L=, '

2. REREH

ScannedI

1
J

11

Fig. 2. FUT structure and measurement conditions.

A a7z BOCDR O FEBR% % Fig. 112R7, 5550
KETHSEDLN T T FTHRRPANER GBICRETDL L
HHETE) . SRR D RNERUE BLEER (B DB - 58T
IZERIE) Thd, TNbaEEmT 2 REM” 7 4 3& LT, 25
km O U BHE—F—RF7 7 AN (SMF) AW, oz
W, EREFRFED 1 m D SMF ZHW-HA4TH REEDRIE

Frequency (GHz)
s
(%)
o

t

1T o7,

WFREFRTIE, EE 1550 nm © L—WF I TERIE 20 % i
L. ZFRIEIEIX 4.55GHz & L, ZFRE T 5.375-5.475 MHz
OFPATIRS Uiz, HIE L2 2138 19 m, FERZ2 R 2 i he 1 350
8 cm Thot-, FUT DHEk%E Fig. 212777, 2 5movY
71 SMF (BFS 1349 10.86 GHz) % F\>, #&¥Eh 5 0.9-1.0 m g
72 0.1 m ORI 0.2%DEZFIM L7,

3. RERMER
FT, BRI ANRNDESIR 1T m D& XD BGS B KXW BFS
DHAARE DOFER % Fig. 3(@)IZ=~T, 3.8m fHEDNAEIZIE

Frequency (GHz)

T, $02%DZEITHY T2 100 MHz F&E D BFS OHINNELHR
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