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A unique multiparameter sensor for distributed measurement of temperature and strain based on spontaneous Brillouin
scattering in polyimide-coated optical fiber is proposed, which is an excellent candidate for the cross-sensitivity problem in
conventional Brillouin sensing network. In the experimental section, the discrimination of strain and temperature is successfully
demonstrated by analysing the unequal sensing coefficients of the Brillouin frequency shifts generated by different acoustic modes.
(e Brillouin frequency shifts of the main two peaks are successfully measured to discriminate the strain and temperature with an
accuracy 19.68 με and 1.02°C in 2.5 km sensing range. (e proposed distributed Brillouin optical fiber sensor allows simultaneous
measurement of temperature and strain, thus opening a door for practical application such as oil explorations.

1. Introduction

Brillouin scattering is one of the most prominent optical
effects. It has been broadly studied for several decades and
gained rapid progress in pulse shaping (time domain and
frequency domain) [1–5], the amplification of weak signals
[6–8], and in distributed strain/temperature sensors in re-
cent years [9, 10]. For the case of distributed fiberoptic
sensing systems, Brillouin-based distributed sensors have
been intensively investigated due to their extended distances
up to hundreds of kilometres, high spatial resolution, and
high accuracy. (is makes Brillouin-based distributed
fiberoptic sensors especially attractive for the structural
health monitoring (SHM) of civil infrastructures, energy, or
geophysical research such as bridges, nuclear facilities,
tunnels, power cables, oil explorations, slopes, and others. To
data, distributed sensing measurement systems based on
Brillouin scattering effects have been previously realized
using several techniques [11–14]: Brillouin optical correla-
tion domain analysis (BOCDA), Brillouin optical frequency

domain analysis (BOFDA), Brillouin optical time domain
analysis (BOTDA), Brillouin optical correlation domain
reflectometry (BOCDR), Brillouin optical frequency domain
reflectometry (BOFDR), and Brillouin optical time domain
reflectometry (BOTDR). Among them, BOTDR is consid-
ered as one of the most promising techniques that can obtain
distributed sensing information (e.g., temperature, strain, or
vibrations) by single-end injection and random accessibility.
Temperature and strain are the most common measurement
parameters for Brillouin-based fiberoptic sensors, as these
are the quantities to which the optical sensing fibers are
inherently sensitive. However, the temperature and strain
cross-sensitivity problem is easily deteriorating the sensing
performance of the single-mode fiber- (SMF-) based Bril-
louin sensors. In order to address this cross-sensitivity
problem effectively, many scholars have done a lot of re-
search studies to accomplish the simultaneous measurement
of temperature and strain. Some groups combine stimulated
Brillouin scattering (SBS) with stimulated Raman scattering
(SRS) to remove the joint crosstalk effects of multiple
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external disturbances by comparing the difference [15].
Other groups combine SBS effect with the multicore optical
fiber (MCF) to separate the temperature and strain infor-
mation by analysing the Brillouin gain spectra (BGSs) in
different fiber cores [16]. Obviously, as are mentioned above
all, these techniques require rather complicated sensing
structure.

On the other hand, Weng et al. [17] present a novel
method based on multiple optical modes in the few-mode
fiber (FMF) to realize the single-end simultaneous strain and
temperature sensing. (e FMF can contribute two BFSs at
least. Xu et al. [18] propose a unique multiparameter
fiberoptic sensor based on the stimulated scattering of higher
order acoustic modes of orbital angular momentum- (OAM-
) guiding fiber. (e multipeak feature in the BGS of OAM
guiding fiber is attributed to the couplings among the guided
modes and acoustic modes. By selecting any two Brillouin
peaks in BGS, the proposed method can be used to dis-
criminate simultaneously temperature and strain along the
fiber under test (FUT). As the laser sources usually work in
the fundamental mode, it might add extra difficulties to
convert the fundamental mode into the desired spatial mode.
Sheng et al. [19] propose a novel technique based on the
BOTDR scheme, which employs a large effective area
nonzero dispersion-shifted fiber (LEAF) with four Brillouin
peaks as the sensing fiber to solve the cross-sensitivity
problem. Remarkably, most of the distributed fiberoptic
sensor using Brillouin scattering is based on standard SMF
with acrylate coating, which can sustain a maximum tem-
perature of +85°C.(is limited range is insufficient for many
structural sensing applications. Meanwhile, the simulta-
neous distributed measurement of temperature and strain
based on spontaneous Brillouin scattering (SpBS) effect in
polyimide-coated optical fiber seems less reported.

In this work, we propose and experimentally report a
novel BOTDR scheme, for what we believe to be the first time,
which employs a polyimide-coated optical fiber with different
temperature and strain coefficients in core as the sensing fiber
to monitor the distributed temperature and strain simulta-
neously in harsh environments (maximum temperature of
+300°C).(is presented method needs only the measurement
of Brillouin frequency shifts of the BGSs and can simulta-
neously achieve the high spatial resolution and accuracy of
temperature and strain measurement without modifying the
sensing FUT. In experiment, the sensitivities of the funda-
mental acoustic mode are 1.16MHz/°C and 0.0646MHz/με,
respectively. Moreover, by analysing the temperature and
strain coefficients of different acoustic modes, discrimination
of temperature and strain are successfully demonstrated with
a temperature measurement accuracy of 1.02°C and a strain
measurement accuracy of 19.68 με in 2.5 km sensing range,
which is about three times enhancement compared with the
LEAF fiber-based method [19].

2. Theory

According to the previous experimental results [20], the
multipeak structure in BGS of a sensing FUToriginates from
the different acoustic velocities Va and optical refractive

indexes n, which are due to different compositions or doping
concentrations in the core. It should be noted that Va and n

vary with temperature or strain. As a result, the BFSs of the
main two peaks (peak 1 and peak 2) relating to strain change
Δε and temperature change ΔT are described as follows:
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It is apparent that the proposed approach can be used to
address the crosstalk problem along the length of the FUT
link through the frequency analysis of the measured BGSs.
Furthermore, error analysis for the measurement of tem-
perature and strain is expressed as [21]
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3. Experimental Setup

In order to demonstrate the capabilities of the proposed
method, the experimental setup depicted in Figure 1 is
assembled. (e light source is a standard distributed feed-
back (DFB) laser. Nominal power is about 15 dBm with a
vacuum emission wavelength of 1550 nm and linewidth
close to 10 kHz.(e output of a continuous wave laser is split
into two branches by a 3 dB coupler (OC1). In the upper
branch, the continuous light is shaped to a 30 ns Gaussian
pulse by an electrooptic modulator (EOM1) with a 45 dB
high extinction ratio (ER), which is driven by a waveform
generator (AWG). (e probe pulse width is 30 ns meaning
that the spatial resolution is 3m. Two polarization con-
trollers (PC1 and PC2) are required just before the EOM1
and EOM2 to obtain the modulated output signal with good
performance, respectively. After amplified by an erbium-
doped fiber amplifier (EDFA), the Gaussian pulse is injected
into the other end of the sensing FUT (YOFC, HT1510-B)
through a circulator (CIR). (e peak power of the Gaussian
pulse can be conveniently controlled by means of a variable
optical attenuator (VOA) to match the sensing range. (e
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backscattered sensing signal is collected in the same access.
(e lower branch is used as the reference light.(e reference
light is modulated by EOM2 using the second channel
(CH2) of AWG through a wide-band amplifier around zero-
transmission bias point of the EOM2. As a result of this
biasing, the carrier is suppressed at the optical output of the
EOM2 and converted into two sidebands. (e output of
EOM2 is filtered by a fiber Bragg grating (FBG) with a 3 dB
bandwidth of 0.4 nm to retain the lower sideband (Stokes
component). (en, the reference light passes through a
polarization scrambler (PS) and launches into one end of the
polyimide-coated optical fiber. (e polarization fading noise
is avoided by the PS, which leads to higher signal-to-noise
ratio (SNR), higher sampling rate, and simplified system
configuration. Finally, the sensing signal of the back-scat-
tered SpBS and the reference light are mixed by means of a
2× 2 coupler (OC2), and then the beat light is collected by a
balanced photodetector (PD) and a high-speed data ac-
quisition (DAQ) card.

4. Experimental Results and Discussion

In the experiment, the loss coefficient of the used poly-
imide-coated optical fiber is measured. Figure 2 illus-
trates the relationship between the polyimide-coated
optical fiber attenuation and the sensing range. It can be
seen that the FUT consists of three segments with a total
length of 2.5 km. Meanwhile, it has the feature with a loss
coefficient of 0.76 dB/km, which is about 4.2 times at-
tenuation compared with the SMF fiber (∼0.18 dB/km).
(erefore, it is worth mentioning that a 2.5 km sensing
FUT is only used to demonstrate the sensing capability,
and moreover, it is able to improve the sensing range up
to dozens of kilometres with an elaborate light power.

To fully demonstrate the performance of the proposed
BOTDR sensing system, temperature and strain mea-
surements are performed by placing a part of the poly-
imide-coated optical fiber into a thermally insulated oven
(DF/8700BS) to exert experimental temperature and
fixing another segment of the sensing fiber to a pair of
microstages (Zolix MC600) to change the environmental
strains. Figure 3 highlights the measured multipeak BGS

at one position of the heated section when the envi-
ronmental temperature is 100°C and exerted strain is
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Figure 1: Experimental setup of polyimide-coated optical fiber-based BOTDR system. EOM, electro-optic modulator; EDFA, erbium-
doped fiber amplifier; FUT, fiber under test; PC, polarization controller; AWG, arbitrary waveform generator; OI, optical isolator; PD,
photodetector; FBG, fiber Bragg grating; VOA, variable optical attenuator; OC, optical coupler; DAQ, data acquisition card; CIR, circulator;
and PS, polarization scrambler.
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Figure 2: Measurement of polyimide-coated optical fiber atten-
uation as a function of distance.
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Figure 3: (e measured Brillouin spectrum of polyimide-coated
sensing fiber after Lorentz fitting under heated temperature of
100°C and strain of 0 με.
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about 0 με. As displayed in Figure 3, the measured
Brillouin central frequencies of four peaks are
10.935 GHz, 11.085 GHz, 11.175 GHz, and 11.225 GHz
for peak 1∼peak 4, respectively. (erefore, the BFS of
different Brillouin peaks in the polyimide-coated optical
fiber can be obtained by measuring the BGS at different
environmental strains and temperatures. As mentioned
in Section 2, utilizing the polyimide-coated optical fiber
with multipeaks as sensing fiber, a distributed simulta-
neous temperature and strain measurement system can
be realized, which is based on multiple acoustic modes in
SpBS effect. Remarkably, we think it is possible to de-
modulate the strain and temperature with any two peaks,
as introduced by equations (1) and (2). Here, peak 1 and
peak 2 are chosen for high intensity, which is able to
provide a high SNR. (erefore, the measurement error of
discrimination can be reduced, so that the performance of
the proposed fiberoptic sensor can be improved.

In order to effectively weaken the influence of the
cross-sensitivity problem, namely, strain and tempera-
ture, the sensing location is free of strain and keep un-
changed when monitoring the temperature coefficients,
and vice versa. (e length of the heated segment is about
4 m which is longer than the spatial resolution (3 m). (is
part of the FUT is put into the thermally insulated oven,
and the temperature is increased from 100°C to 300°C
with 20°C per step. (en, the relation between temper-
ature and BFS in the polyimide-coated sensing fiber is
plotted in Figure 4, where linear regression is performed
to obtain temperature sensitivities, respectively. From the
data, the temperature sensitivities of the BFS C1

T and C2
T

are determined to be 1.16MHz/°C and 1.21MHz/°C, re-
spectively. Furthermore, it can be observed from Figure 4
that the BFS is changed when temperature changes and
moves to the higher frequency as the temperature
increases.

Subsequently, an experiment is carried out to measure
the strain coefficients. (e detailed measurement process
of BGSs is the same as mentioned above. (e axial strain
is applied to the polyimide-coated optical fiber by
gradually moving the linear stage with 200 με per step,
and the stressed segment of the FUT is about 5 m. (e
measured experimental results of the FUT (∼2.5 km)
through home-made BOTDR system at room tempera-
ture are shown in Figure 5. As expected, the BFSs show a
strong dependence on the strain. (e strain coefficients of
the FUT are therefore measured to be 0.0646MHz/με and
0.0510MHz/με, respectively. As the strain and temper-
ature coefficients of the two main peaks contributed by
different acoustic modes are different from each other,
the influence of strain and temperature on the FUTcan be
simultaneously discriminated. At the same time, the
measurement accuracy of temperature and strain dis-
crimination is calculated by solving equations (4) and (5).
(e respective errors of strain and temperature using
experimental results in Figures 4 and 5 are calculated to
be 1.02°C and 19.68 με.

5. Conclusions

In conclusion, a method to accomplish simultaneously the
distributed measurement of temperature and strain is
proposed, which is based on a polyimide-coated optical fiber
having multiple acoustic modes with different temperature
and strain coefficients in SpBS effect. As a result, the si-
multaneous discrimination of temperature and strain is
successfully demonstrated by analysing the coefficients of
the BFSs introduced by different acoustic modes with a
temperature accuracy of 1.02°C and a strain accuracy of
19.68 με in 2.5 km sensing range. With the help of this
presented technique and experimental setup, some prom-
ising work can be also made in nuclear facilities and oil
explorations in the future. In addition, through rational
choice of more than two peaks in the BGS, the proposed
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Figure 4: Measurement of Brillouin frequency shift as a function of
temperature for peak 1 and peak 2.
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approach would be potentially applicable in situations where
more than two parameters are needed to be distinguished.
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