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Abstract: We developed a temperature quasi-distributed sensing system interrogating a 500 weak fiber
Bragg gratings (FBGs) array of 5 meters. It was possible to sense temperature changes down to 1°C

with sub-centimeter spatial resolution.
OCIS codes: (060.2370) Fiber optics sensors; (060.3735) Fiber Bragg gratings; (060.3510) Lasers, fiber.

1. Introduction

Different techniques were implemented and presented in literature to perform multi-points and quasi-distributed sensing
using FBGs arrays and long FBGs: wavelength division multiplexing (WDM) techniques and arrays of FBGs fabricated at
different wavelength [1]; interferometry on array of near-identical weak gratings [2]; microwave filtering photonic
techniques used to interrogate a weak gratings array [3] and long weak grating [4].

The interrogation methods reported above allow to perform quasi-distributed sensing with some limitation: to use
WDM we need to fabricate gratings at different wavelengths and to employ a tunable laser; the microwave filtering
techniques need to process the data and to perform a Fourier transform on the frequency spectra acquired, in order to
obtain the spatial position of the perturbation applied to the fiber. In fiber sensing the phase sensitive optical time domain
reflectometer (OTDR) has lot of advantage to perform distributed sensing, with high spatial resolution and the possibility
to interrogate hundreds of kilometers of fiber [5]. This sensing technique allows to sense coherently the Rayleigh
backscattered signal in single mode fibers exploiting the OTDR classical setup and light pulses with constant phase. The
backscattered signal is quite low power (<-70 dB/m), make necessary the employment of very sensitive photodetectors.
The idea behind this work is to enhance the back-reflected signal in fiber using an array of 500 weak gratings of 0.9 cm
length and separated of 0.1 cm and to interrogate it with a short chirped pulse, to obtain high spatial resolution, and use a
photodetector with a lower sensitivity than the one required in phase sensitive OTDR. The spatial position of the hot point
is calculated on the temporal trace with the time of flight as in OTDR. The chirp was added to the pulse to convert a
change in the refractive index in a temporal shift. The laser used is a gain switching laser that generates pulses of less than
10 ps without using an external electro optical modulator (EOM). Even though the gratings are very weak (nominally
around 1% reflectivity), the back-reflected signal is clearly higher than Rayleigh backscattering.

2. Pulse generation and interrogation setup

The interrogation technique presented in this work is a wavelength-to-time domain analysis. The interrogation system is
implemented with a gain-switching laser diode module [6]. This compact and reliable module uses an attached fiber code
whose end is coated with diamond-like carbon (DLC) as a self-seeding pulse feedback circuit (figure 1 left). The laser
diode (LD) is biased using a temperature controller. The only external signal needed to active the pulses generation, is a
square wave at 5.9 GHz, a frequency much lower than the one that should drive an external modulator to generate 10 ps
pulses with direct modulation. The setup consists of the laser described above, a dispersion element that introduce -171
ps/nm (at 1550 nm), and an array of 500 weak FBGs (figure 1 right).
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Figure 1. Laser module and Of)tlca| fiber cavity used for gain-switching implemented with polarization maintaining fiber
and two partial reflectors (left). Schematic representation of the experimental setup (right).

The reflected signal was acquired using an oscilloscope triggered on the modulation signal that generate the laser pulses.
Hereafter, when a hot zone is provoked along the FBGs array, a temperature gradient is obtained. This local change of
temperature will produce a local Bragg frequency shift. The hot point on the array, of approximately 1 cm, was obtained
using a temperature closed loop controller implemented with a Peltier and a thermistor. The temperature was swept from
10°C to 40°C to evaluate the sensitivity and the cumulative error for the measured temperatures. The nominal shift of the
FBGs of the array with temperature is of 10 pm/°C; to obtain the expected dependence of the temporal shift with




temperature this value is multiplicated by the dispersion at the laser frequency, obtaining a shift of 1.702 ps/°C. The hot
point was moved along the gratings array to interrogate two consecutive gratings (spaced of about 1 cm).

3. Results

In figure 2a is reported the reflected spectrum of 6 weak gratings around the hot point when the temperature is swept from
10°C to 40°C, with steps of 3°C. The chirped pulse had lower wavelength at the end of the pulse in time domain;
decreasing the temperature the resonant wavelength of the gratings moves to lower wavelength, producing a delay in time
of the trace around the hot point. In figure 2 the traces of the reflected signal when the temperature sweep is applied in one
point () and moved to another grating of the array (b). The resolution given by the pulse width allows to clearly
distinguish the two cases. With this system was possible not only to sense the temperature in the hot point but as well to
observe the temperature gradient along it, observed as a gradually decrease of the time shift when we move far from the
hot point. In order to evaluate the linearity of the system with the temperature a threshold was fixed to a certain
temperature and the time stamp of consecutive traces was derived. The result is showed in figure 2c. The absolute time
stamps of the traces are linear with temperature (R=0.99389). The mean value and the standard deviation for the measured
time shifts were 1.9+0.3505 ps, close to the expected value of 1.7 ps. Still the standard deviation is quite high due to the
cumulative error of the measurement. This limitation and the need of different algorithms for processing, were addressed
in phase sensitive OTDR application with chirped pulse as well [5].
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Fi?ure 2. (), (b) Reflected signal of the array section under test. The two images present the heating of two point spaced
of less than one centimeter. In both cases is visible the time shift due to the increasing temperature from 10°C to 40°C. (c)
Evaluation of the response of our sensor to temperature: when the temperature was swept from 10°C to 40°C we can
observe a linear dependence with the time stamp of the traces

4. Conclusion and future works

We presented a quasi-distributed sensing system of a long weak gratings array of 5 meters, using a compact pulsed laser
module without the employment of external EOM. The chirp introduced in the interrogation pulse allows to convert any
refractive index changes inside the 500 weak grating arrays in a time shift. It was possible to interrogate a long array of
FBGs, fabricated at the same wavelength, independently. The weak gratings reflect part of the signal and allows to use an
optical oscilloscope to recover the reflected traces. The sensitivity of our system was limited to 1°C, due to the maximum
sampling rate (2 ps) of the oscilloscope. Applying a higher dispersion to the pulse and using a detection system with higher
sampling rate is possible to enhance the sensitivity. New processing algorithms and a deep understanding of the effect of
the cumulative error, and how to minimize its effect, will be addressed in future works.
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