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Brillouin optical time-domain analysis light). If the probe frequency lies within the Boilin gain
spectrum of the pump, some power is transferreth fthe
Abstract pump to the probe. The efficiency of such trangfegiven by

In this work we report on a tunable dual pump-propécal the frequency difference between the probe signal the
source aimed at Brillouin optical time- and freqeyedomain  Brillouin frequency shift which is dependent on hetion of
analysis sensing. The developed dual source espléiaterial where the scattering takes place. The lwageh of
Brillouin ring laser technology and is capable oflamge Probe signal is tuned so that the pump-probe frecyishift
tuning range of ~200 MHz without using phase-lockeap Spans the whole Brillouin gain spectrum (BGS) @& fump.
or optical sideband generation techniques. Witinewidth The BGS can be therefore reconstructed analysirgy th
narrower than 2.5 MHz and an output power ~0.5 riivg, temporal variation of the probe signal intensity in
proposed source has shown to be an efficient solutbr correspondence of each of the selected frequencies.
Brillouin optical time-domain analysis (BOTDA) sgsts, |In BOTDA schemes, the techniques which are commonly
allowing to achieve distributed sensing over 10 &mgle employed for tuning the probe signal frequencyzased on
mode fiber in BOTDA experiments with strain anehase-Locked Loop (PLL) [4] or optical side-bandSE)
temperature resolutions of ~@ and ~ 0.5 °C respectively. generation method [5]. In PLL technique, probe a@uoenp
signals are generated by different sources, sladenaaster
1. Introduction laser, respectively. The slave laser is wavelehgtked to the
master slave through a feedback system which altonisig

Distributed optical fiber sensors (DOFS) offer fhessibility the frequency of the probe signal. In OSB methbd, drobe
of monitoring several physical quantities along thatical Signal is modulated through an Electro-Optical naths
length of the fiber in a distributed way througle #malysis of (EOM) which is driven at a frequency which corresg® to
the environment-dependent scattering suffered b e desired wavelength shift. Both techniques reqtie
radiation travelling into the waveguide. DOFS basaul introduction of costly devices in addition to thoseployed
Brillouin technology enable distributed measurersasftboth in interrogator and sensor blocks. In particulae, PLL-based
strain and temperature fields constitute the mbsfisd and Systems use narrow linewidth sources as slave slase
used DOFS systems in civil engineering and geotdgi®hotodiodes and RF generators in the frequencyidgck
applications [3]. feedback system. On the other hand, OSB techniegdires

Brillouin Optical Time Domain Analysis (BOTDA) andW'de bandwidth EOM and an electrical signal germrat

S . : ) exceeding 10 GHz. Furthermore, the complexity oé th
Brillouin Optical Frequency-Domain Analysis (BOFDA) - : : .
schemes exploit the temperature- and sirain- d (of systems implementing the mentioned techniques ldads

oo i issues in terms of stability, accuracy in the wamgth shift
the_ B.”"OU'” frequency  shift (BFS) Of. the back 'Etex_aed and long term performance. Such aspects consiitdied
radiation to reconstruct the spatial variation loé physical

" : . : an obstacle to a larger scale development of BOSistems.
quantities under analysis over sensing length ehngetens g P

of km. Actually the phonon population of a portiohfiber is In this work we have studied a strain and tempeeatu
affected by local temperature and by the presente BOTDA sensing system which employs a recently deped
mechanical deformation in accordance with the dtaristic PUmp-probe source based on Brillouin ring laser (BR
of fiber silica glass. Such spatial dependencehefithonon technology. Such technique has been shown to prayibd
population leads to a variation in the spectrum togé Performance in terms of tunability, and featureghhi
Brillouin-scattered radiation, which can hence ksedito efficiency and an inherent wavelength locking te tptical
reconstruct the temperature and strain distribution PuUmp, despite the simplicity of the scheme whidbvedd for
BOTDA schemes, the spatial variation of the BFSapwater distributed sensing over 10 km single-mode fiber.

is reconstructed by analysing the temporal intgrdiange of

a continuous-wave (CW) probe signal which is counte
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Fig. 2. (left) Brillouin optical time-domain analggBOTDA) sensor employing BRL light source.
(right) Sensing fiber configuration including fibgpools with different BFS characteristics

2. BOTDA sensor experiment with BRL 3. Results

The BOTDA system shown in Fig.2 (left) employs oufVe have evaluated the performance of the develdjfed
recently developed tunable probe signal source chase !2ser in a typical BOTDA pump-scheme sensor rshamwn
Brillouin ring laser (BRL) technology [6]. The seeatliation, Fig- 2 (left). One portion of the seed signal (@pmately
at\ =1551 nm with linewidth ~1.25 MHz, is generatedy 30%), is used to generate the CW probe signal girdbe

distributed feedback (DFB) laser and is injectetbugh a ©€mployment of the BRL laser. The remaining powerthaf
optical circulator in the fiber ring loop [7]. seed signal is used as the BOTDA pump signal which

transfers part of its power to the probe signahglthe fiber

In BRL scheme, the probe signal is generated tToug,q  accordingly to the frequency difference ke the
Stimulated Brillouin Scattering (SBS) of the pumignsl twogsignals. Ny quency d

implemented through a recirculation loop employilag _
modified Brillouin fiber ring laser (BRL) [6]. A PZ actuator A Mach Zehnder modulator (MZM) driven by a pulse
is used to impart a tensile strain on the fibeg @ind shift the 9énerator modulates the intensity of the pump sigaahat
BFS so that the frequency of the generated protpeakiis 40 ns pulses are generated. Both the pulse genes_'(ra_tlbthe
accurately tuned [6]. The Brillouin signal is themtracted DC-voltage generator used for the PZT actuatorsiaieally
through an optical coupler and used as probe signghe controlled. The CW probe signal and the pulsed psigpals
BOTDA sensing systems. As shown in [6], for a 25 rei¢d &€ inserted, in opposite direction, into the semdiber. The
power, the attained probe power (0.5 mW), the baattiwv sensing fiber configuration is shown in Fig. 2 ity

(FWHM) values (2.5 MHz) and tuning range (~200 Mlde¢ As described in the previous section, the frequeoicyhe
comparable with those of the signals commonly eggaloin probe signal, is adjusted imparting an amount efite strain
BOTDA schemes. on the fiber ring coil in the BRL Source. The pratignal is
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Fig. 3. Measured Brillouin gain spectrum (BGS) verBber length near fiber end.
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Conclusions

We have carried out an experimental analysis aiatethe
characterization of a BOTDA sensor employing theergly
developed Brillouing ring laser (BRL) technology psmp-

] ‘ probe source. Such optical source, based on a mddif
R A Gl Brillouin fiber ring laser, represents a  cost-effee
alternative to expensive and costly sources empgloye
conventional BOTDA systems and provides an easitalle,
pump-locked, narrow-wavelength probe signal. Thalyared

] BOTDA sensor is based on pump-probe scheme anbeeas

| tested on sensing fiber more than 10 km long. The
experimental analysis has shown that the BRL b8$2tDA
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Distance {m] temperature and strain resolution spatial accuraky.
Fig. 4. Brillouin frequency shift (BFS) versus fikdistance. particular, the measurements yielded strain ool of

~ 10pe and temperature resolution of ~ 0.5 °C and showed
collected at one end of the sensing fiber, throagtoptical that spacial resolution limit imposed by the tengbovidth of
circulator and coupled into a 100-MHz bandwidth toho the pulse is achieved.
detector, sampled through an analog-to-digital eoied and
stored. In order to emulate the presence of teryrera Acknowledgement
gradients and/or mechanical strain, the employeatkisg
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shift values and converting the time scale inteffiposition
in accordance with its time of flight, we obtaindte BGS
spectra for each fiber location. In Fig. 3 we hamgorted the
obtained BGS spectra for the last kilometers ofgBBsing [1] T. Horiguchi, K. Shimizu, T. Kurashima, M. Take and
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