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A multiparameter Brillouin fiber-optic sensor for distributed strain and temperature information measuring based on spon-
taneous scattering in a common communication optical fiber (the G. 652. D commercial fiber) is presented and experimentally
demonstrated. Benefiting from the difference of the temperature and strain sensitivity from different Brillouin peaks with different
acoustic modes, our proposed sensing configuration can be used to distinguish ambient temperature and applied strain at the
same time, which is an excellent candidate to address the problem of cross-sensitivity in the classical Brillouin system. In the
experimental section, using a 21.8 km sensing length of communication optical fiber, a temperature accuracy of 1.13°C and a strain
accuracy of 21.46 με are obtained simultaneously. Considering the performance we achieved now, the proposed innovation and
experimental setup will have some potential applications in the field of fiber sensors.

1. Introduction

Distributed optical fiber sensors, with the characters of
long-haul and measuring environmental variables (e.g.,
temperature, strain, and vibrations), have been extensively
investigated recently for sensing applications in nonde-
structive health monitoring of engineering facilities [1–4],
human body motion detection [5], and geotechnical engi-
neering [6]. Compared with traditional electrical sensing
systems, the fiber-distributed sensing network provides an
interesting solution due to the following main advantages:
low cost, compactness, high sensitivity, immunity to ex-
ternal-electromagnetic interference, intrinsic chemical in-
ertness, and long sensing range, where the fiber
simultaneously serves as the interrogate signal transmission
medium and a large number of closely spaced sensing points.
To date, many different technologies have been developed,

including Raman distributed temperature sensor (RDTS)
[7, 8], Brillouin reflectometers (optical correlation do-
main (BOCDR), optical frequency domain (BOFDR), op-
tical time domain (BOTDR)) [9–14], Brillouin analyzers
(BOCDA, BOFDA, and BOTDA) [15–17], and Rayleigh
reflectometer (optical frequency domain (OFDR)) [18].
Among these techniques, BOTDR, which is based on the
spontaneous Brillouin scattering (SpBS) effect, is considered
as one of the most potential sensing techniques that can
simultaneously retrieve distributed temperature and strain
information by single-ended fiber under test (FUT) archi-
tecture and random accessibility. -is sensing technique
relies on the measurement of the values of Brillouin fre-
quency shift (BFS) along the sensing FUT to demodulate its
strain and temperature information. However, the BFS in a
distributed Brillouin scattering-based fiber-optic sensor has
been demonstrated to depend on the combination of strain
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and temperature characteristic changes since 1993 [19].
Since then, many novel methods have been presented to
address this temperature and strain cross-sensitivity prob-
lem in the past few years. Bao et al. [20] apply half of the fiber
as a reference to separate the effects of strain for temperature
measurement. Davis et al. [21] report a Brillouin sensing
element based on the integration of fiber Bragg gratings
(FBG) and the FUT. Meanwhile, some researchers combine
stimulated Brillouin scattering (SBS) with other nonlinear
effects, for example, stimulated Raman scattering (SRS) to
address this cross-sensitivity problem by temperature
compensation [12, 22]. Other researchers demonstrate a
multiparameter measuring device based on the stimulated
scattering effect with loop architecture by means of the
multicore optical fiber (MCF) to separate the temperature
and strain individual contributions to the BFS of FUT by
measuring the Brillouin gain spectra (BGSs) in different
channels of FUT cores [23]. Recently, Xing et al. [24] apply
the G. 652. D commercial fiber as a sensing element based on
the SBS effect to eliminate the crosstalk caused by tem-
perature and strain. It is evident that the methodsmentioned
above require rather complex measuring configurations.

In addition, an effective technique for the temperature
and strain information recovery using multiple optical modes
in the few-mode fiber (FMF) is proposed by Li et al. [25] in
2015. -e few-mode fiber can contribute two BFSs at least. In
the same year, Xu et al. [26] demonstrate a proof-of-concept
multiparameter Brillouin-based optical fiber sensing idea
based on the SBS effect. In their proposed scheme, an orbital
angular momentum (OAM) guiding fiber with higher order
acoustic modes is employed as FUT. -e couplings of the
guided modes and acoustic modes lead to the generation of
the multipeak BGS of the OAM fiber. By choosing any two
Brillouin peaks in the measured BGS, the reported unique
method is able to demodulate distributed temperature and
strain information along the FUT at the same time. Never-
theless, the radiation sources generally operate in funda-
mental mode, and it is going to bring extratechnical
difficulties in transforming the fundamental mode into the
desired pattern. In view of the above-proposed methods,
using common communication optical fiber (G. 652. D) with
multiple Brillouin peaks as the sensing medium is of great
importance to realize the uncomplicated fiber-optic sensor
networks with low cost. Meanwhile, combining the distrib-
uted sensing with communication optical fiber using a BFS
demodulation, an SpBS sensor-based communication optical
fiber for simultaneous temperature and strain monitoring can
be developed. -erefore, it is a good alternative to satisfy the
practical engineering applications.

Here, a multiparameter Brillouin sensor is proposed and
experimentally demonstrated, which utilizes a common
communication fiber having multipeak, corresponding to
multiple acoustic modes, with unequal Brillouin gain co-
efficients in the core to simultaneously monitor the tem-
perature and strain information based on the SpBS effect.
-is presented method only requires measuring the central
frequency shifts of the Brillouin spectra and can simulta-
neously accomplish the temperature and strain information
measurement without replacing the FUT. Moreover, the

corresponding results also indicate that the reported method
is suitable to realize simultaneously temperature and strain
sensing in a relatively uncomplicated single-end configu-
ration, and a measurement accuracy of 21.46 με and 1.13°C is
exhibited in the 21.8 km sensing range, respectively.

2. Theory

-e BFS of measured fiber depends heavily on the inherent
refractive index (RI) n, the acoustic velocity Va, and the
central wavelength of incident probe wave λ. For a common
communication optical fiber at room temperature (T� 20°C),
the BFS is about 11GHz when λ is 1550 nm [27]. Based on a
previous theoretical analysis, in the case of a FUT with
multiple acoustic modes, n and Va vary with the variation of
temperature ΔT or strain Δε. -e change of BFS related to
ΔT and Δε can be described by the following formula:
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where Cm
ε and Cm

T are the Brillouin gain coefficients (e.g.,
strain and temperature) of them-order acoustic mode in the
G. 652. D, respectively. Δ]m

B denotes the movement of BFS
caused by the contribution of the m-order acoustic mode.

Consequently, the changes of temperature and strain
sensing information can be derived from equation (1), de-
scribed as the following formulas:
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Obviously, the proposed method with multiple acoustic
modes in common communication optical fiber-based on
Brillouin scattering has the ability to solve the cross-sensi-
tivity problem along the whole sensing link via the frequency
analysis of the monitored Brillouin spectra. In addition, the
measurement error analysis of temperature and strain can be
described as [28]
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3. Experimental Setup

Based on the above theoretical analysis, an experimental
arrangement is built as depicted in Figure 1. -e continuous-
wave probe light from a 13 dBm, 10 kHz linewidth, 1550 nm
wavelength distributed feedback laser (DFB) is divided into
two branches by a coupler (OC1, 90 :10) for the generation of
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Brillouin backscattering signal (beam 2) and reference light
signal (beam 1). -e upper branch is launched into the
customized electro-optic modulator (EOM: iXblue, MXER-
LN-20) with 40 dB high extinction ratio to generate 30 ns
Gaussian probe pulses. -e 30ns pulse width indicates that
the spatial resolution is about 3m. -e customized EOM is
driven by an arbitrary waveform generator (AWG). -e
modulated pulse is amplified by an erbium-doped fiber
amplifier (EDFA1) and then injected into the measured FUT
with 21.8 km in length through an optical circulator (CIR).
-e 10% optical coupler enables us to monitor the input
continuous-wave power to the heterodyne detection stage.
-e lower branch is reserved as beam 1 to perform coherent
detection. Furthermore, since the beat intensity is heavily
related to the state of polarization (SOP) of beam 1 and beam
2, we scramble beam 1 polarization using a polarization
scrambler (PS) to eliminate the fading noise of polarization
[29]. -e weak Brillouin backscattering sensing signal from
the third port of the CIR is amplified by EDFA2. Two-fiber
Bragg grating (FBG) optical filters (FBG1 and FBG2) are used
to prevent further propagation of the parasitic light spon-
taneously emitted by EDFA1 and EDFA2, respectively. Fi-
nally, beam 2 and beam 1 are mixed through a 3 dB coupler
(OC2), and then the Brillouin beat signals are converted into
electrical signals with a 13.5GHz photodetector (PD). -e
captured electrical signals are boosted by a low-noise am-
plifier (LAN). -e enhanced sensing signal is downconverted
by mixing with a local oscillator (LO). -e frequency
sweeping is achieved by adjusting the output frequency of the
LO. -e intermediate frequency signals filtered by a band-
pass filter (BPF) are received by a logarithmic detector and
eventually sampled by a data acquisition (DAQ) card for
follow-up data processing to accomplish the strain and
temperature information demodulation.

3.1. Experimental Results and Discussion. A common com-
munication optical fiber is adopted to retrieve the strain and
temperature sensing information, which is fabricated in

Yangtze Optical Fiber Cable Co., Ltd. (YOFC, PH1010-A). It
is noteworthy that the fabrication process and doping
concentration of the G. 652. D will be slightly different from
each other in different manufactures. -erefore, the cor-
responding experimental results may be different. -e BGS
distribution along the entire length of the FUT is measured
to obtain the BFS, and its response to surrounding envi-
ronmental temperature and strain is characterized,
respectively.

-e measured three-dimensional map of the gain
spectrum along the communication optical fiber at room
temperature (26°C) is highlighted in Figure 2(a), where
red denotes a higher Brillouin amplification factor.
Figure 2(b) illustrates the distribution of the measured
BGS along the FUT, where an increase in BFS at the
heating region can be discovered. As Figure 2 shows, the
central frequencies of three Brillouin peaks are
10.875 GHz, 11.020 GHz, and 11.115 GHz for peaks 1–3,
respectively. Consequently, the frequency shift of different
Brillouin peaks in communication optical fiber could be
calculated by monitoring the BGS at different environ-
mental conditions. As described in Section 2, taking ad-
vantage of the communication optical fiber (G. 652. D)
with multipeaks, a distributed simultaneous strain and
temperature measuring device is able to be developed,
which is based on multiple acoustic modes in spontaneous
scattering effect. For the temperature coefficients mea-
surement, a 5m segment at the far end is immersed in a
temperature-controlled water-bath pot (JOANLAB, HH-
2), and the temperature is increased from 40°C to 80°C
with 10°C per step. Remarkably, the length of the heated
segment is about 5m which is longer than the spatial
resolution (3m). In order to effectively eliminate the
influence of crosstalk, the strain remains unchanged when
the temperature coefficients are monitored. -e BGSs of
the communication optical fiber under different tem-
peratures are measured and drawn in Figure 3. Mean-
while, the Lorentz fitting based on the least-squares
method is applied to the measured BGS.
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Figure 1: Schematic diagram of experimental apparatus. OI: optical isolator; OC: optical coupler; BPF: band-pass filter; PS: polarization
scrambler; AWG: arbitrary waveform generator; PD: photodetector; DAQ: data acquisition card; EOM: electro-optic modulator; EDFA:
erbium-doped fiber amplifier; FUT: fiber under test; FBG: fiber Bragg grating; CIR: circulator; LNA: low-noise amplifier; LO: local oscillator;
PC, polarization controller.
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As shown in Figure 3, when the ambient temperature is
changed, the gain spectrum also changes andmoves to a higher
frequency with the increase of the ambient temperature. Even
more importantly, the gain spectrum of the other Brillouin
peaks also shifts to a higher frequency at the same time, al-
though the gain factor is smaller than the first Brillouin peak (or
called main peak). From the data, the temperature coefficients
of the BFS C1

T, C2
T, and C3

T are determined to be 1.16MHz/°C,
1.21MHz/°C, and 1.26MHz/°C, respectively, by the linear
fitting method as plotted in Figure 4.

Figure 5 highlights the measured sensing results of the
communication optical fiber (∼21.8 km) through a home-
made single-ended network at room temperature (26°C).
-e FUT to be measured is applied to the axial strain by
means of gradually changing the linear stage with 200 με per
step, and the stressed location of the sensing FUT is about
5m. -e BFSs can be obtained through the same proce-
dure as mentioned above. -e results of data analyzing
proved that the strain sensitivities of the BFS, C1

ε , C2
ε , and C3

ε
are determined to be 64.64 kHz/με, 50.96 kHz/με, and

42.76 kHz/με, respectively. Owing to the difference of strain
and temperature coefficients of the three Brillouin peaks in
the measured FUT, the influence of the cross-sensitivity on
the FUT can be simultaneously discriminated. All of this is
due to the different acoustic modes in the core. Meanwhile,
the measurement accuracy of temperature and strain is
solved by equations (3) and (4). With the help of the ex-
perimental data of the first two Brillouin peaks with a high
signal-to-noise ratio in Figures 4 and 5, the respective errors
of temperature and strain are calculated as 1.13°C and
21.46 με, respectively. Compared with the sensing system
using a few-mode fiber as the measured FUT, the dis-
crimination accuracy of the two sensing systems is similar
[25]. Considering that the multiple Brillouin peaks can be
easily achieved when the mode of the incident light is a
fundamental mode. Hence, the sensing scheme seems to be
simple and more conducive to large dynamic distributed
sensing.

11.2 11
Peak 3Peak 2

Peak 1

Frequency (GHz)
10.8 10.6 0

0In
te

ns
ity

 (a
.u

.)

Length (km)

0.5

1

5
10

15
20

(a)

10.6

10.8

11

11.2
1

0.8

0.6

0.4

0.2

0
21.64 21.66 21.68 21.7 21.72

Length (km)

Fr
eq

ue
nc

y 
(G

H
z)

Heated segment

21.74 21.76 21.78 21.8

(b)

Figure 2: (a) -ree-dimensional map of the measured Brillouin gain spectrum as a function of length and (b) measured Brillouin gain
spectrum with a heated segment.
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4. Conclusions

Here, a novel method to realize simultaneously the distributed
strain and temperature monitoring is presented based on
spontaneous scattering effect, which utilizes a common com-
munication fiber having multipeak, corresponding to multiple
acoustic modes, with unequal Brillouin gain coefficients in the
core. Benefiting from the difference of the temperature and
strain sensitivity from different Brillouin peaks with different
acoustic modes, the simultaneous demodulation of strain and
temperature information is successfully demonstrated with a
strain accuracy of 21.46με and a temperature accuracy of 1.13°C
in 21.8 km measuring range. And, we believe that the proposed
innovation and experimental setup, with its excellent perfor-
mances, will have some potential applications in the field of
nuclear facilities and superconducting cables in the future.
Besides, more than two Brillouin peaks are selected by rational
optimization, and the presented method has the ability to be
applied to multiparameter measuring situations where more
than two parameters are required to be distinguished.
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