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Abstract: A temperature level fiber sensor network is pregband demonstrated. Each inline
transducer is based on a FBG-SMA wire structurekingras an on/off optical device being

interrogated using a time domain technique.
OCIS codes:(060.3735) Fiber Bragg gratings; (280.4788) Opseasing and sensors

1. Introduction

Fiber Bragg Grating (FBG) technology have been lyidtevestigated as basic structure of fiber teleommication
devices [1], lasers [2], as the basic structureoptical sensors [3, 4,] and sensor networks [5]weler, the
development and availability of new materials eralthe conception of new fiber devices using ttegthnical
properties in conjunction with some current fibgtio structures. Very recently a new fiber transtugased on a
Shape Memory Alloy (SMA) wire and the FBG technaésgare properly combined to take the advantagé®tbf
of them and to enable the creation of a new ompfical fiber device (TelMA) able to be used in sieqg field [6].
Based in this new device a new fiber optic senstwark (TeLMAN) is proposed and demonstrated. Thiegiple,
and preliminary results are presented and discuagbis paper.

2. Principle and demonstration

The TeLMA fiber transducer can be used to detemtazimum temperature level, TL, and can be used beth
point or quasi-distributed fiber sensors systente TeLMA transducer structure is constituted byilzeFBragg
Grating (FBG) properly fixed to a SMA preloaded twi Bias Force (FB). The Bias Force provokes onSiié
wire length, |, a wire elongation|l. When the transducer temperature is over a gieemperature level (TL) the
wire recovers its original length producing a cantron on the FBG structure lengthl)(and, hence a substantial
reduction on its Bragg wavelength spectral respougeto the applied strain{/l). The TeLMA working principle
is illustrated in Fig. 1.
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Figure 1. Basic fiber sensor concept architecture. M = measli(in this case is T); M measurand level; Bnd B sensor input and output
(back) optical Powerst, ArmaandA,are the input, TeIMA and back optical wavelengtthef signal spectra respectively. The inset is@gh
of the key detail of each transducer: a FBG glweeal BMA pre-loaded wire. ForITL, theArwma is decreased and is then insider the pulse
sprectrum and then an optical power ( Pb) appeate output of the TeLMA transducer; fof TL, then Arewwa is out of the pulse sprectrum
and hence the optical power ( Pb =0) at the owptiie TeLMA transducer.

When the TeLMA fiber structure is optically integated, then an on/off optical sensor device candmstructed
(figure 1). When the temperature level, iE over passed, some optical reflected powgyrigroffered by the output
sensor port (On) and when the temperature is b#texmentioned level (threshold) no reflected optawer is

offered by the output sensor port (Off). If the ™A structure is cooled to the original temperattiren the SMA
wire recover its original length, |, and its origliFBG spectral responé® oma) is also recovered too.

The experimental TelMA transducer dynamic resparsss in this paper is shown in the figure 2. Fromlater it
can be deducted that a change of 1,6 nm in thieel®ragg wavelength is obtained
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Figure 2. TeLMA wavelength chang&reua, evolution (solid blue line) for a heat pulse of°€Dpeak (dotted green line) over
the SMA wire temperature level (370 °C) of the device. The TeLMA temperature is soead in the laboratory using an
infrared camera (FLIR ThermaCam SC2000).

It must be noticed that the Bragg wavelength resparan by tuneable (in a given range) by diffetentperature
levels by using different kind of SMA wires. It éso demonstrated that finished the heat pulsewtheslength
response is recovered following the cooling proc#gtbe TeLMA structure and according to the terapme-strain
SMA wire behaviours.

As shown in Fig. 3, the sensor Network proposethis paper is integrated by two main parts: tlamsducer
(TeLMAN) and the optoelectronic or interrogationitunThe former, TeLMAN, consist in a high number of
concatenated TeLMA transducers in which the fibatiggs are fabricated with low reflection rateg, (% to 5%)
depending of the required number (N) of quasi-itisted sensing points per channel. The higher tmeber N the
lower the reflection rate value,R
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Figure 3. lllustration of the sensor networkr, TeANl set-up. Only one transducer channel is depicted.

The light from the pulsed laser is launched to gbesi-distributed transducer through an opticallater and a
circulator. The reflective response of each TeLNMansducer Network is then launched to a photo-tmtéom the
port 3 of the optical circulator. Then the photdedted signal is processed and properly represemethe
visualization component. The photodetector is prgpgynchronized with each pulse produced by tlsedavhat
narrow line-width, DI, is centred on thgd,wavelength. The latter, is properly selected t@laeed on the | {Eya.

on (below |yeimaorr What means that when the temperature transduckel@v the T, (of the n-TelMA
transducer) the device is optically transparent (only the connection é&sssare computed). However when the
temperature on the transduces higher than theJ then the R % of the incoming optical power to diegice n is
returned to the photo-detector and then the unaldsi event (> T.,) is detected through the signal protcessing
algorithm. As the signal processing unit (with fiBoto-detector) is syncronized with the each agptpulse
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produced by the laser, using an Optical Time Ddé¥aflectometric technique the position of each twacsr is

properly clearly obtained.

A picture of the representation of the data insfgevisualization unit can be observed in therigh Each position
device (time or fiber length from the optoelectonnit) is known from their very small insertiorskes or by their
reflection optical power for TeLMA devices on OFF@N state respectively.
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Figure 4. Visualization of the position of eachsirg point in the TeLMAN sensor Network. The tramsefs N-1 is activated due to that its
temperatures are higher than its admitted maxinawvel { T,> T.,).

3. Conclusion

In this paper, a temperature level fiber sensowvorlt, TeLMAN, is proposed and successfully dematstt. Each
inline transducer, based on a FBG-SMA wire strictwrorking as an on/off optical-, is interrogatesing an

optical time domain reflectometric technique. Eathne time domain multiplexed TeLma transducebased on a
low reflection fiber grating and a shape memorpylvire that works as an on/off optical device. Tager only

offer output light when the structure temperatufg gverpass a givetemperaturelevel (T>T.) or temperature
threshold that is established by the SMA wire béhag. Several tens of sensing points can be cenatad in each
line (channel) of the TeLMAN using low reflectivd86’s in each TeLMA transducer. Several hundrethousand

sensing points can be deployed properly using anidahannel scheme.

This quasi-distributed temperature level sensotesyscan be used in applications in which the ovsiog of a
temperature threshold level must be detected tweptehazardous events such as a located fire iarporate
building, among others. To improve the use in widage or real applications and hence, to improwr th
commercial feasibility, works to decrease signffittyathe optoelectronic costs are in progress.
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