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Abstract: In fiber-optic Brillouin optical time-domain reflectometer (BOTDR) system, the estimation of the center
frequency of Brillouin scattering spectrum in fiber is the key and the most time-consuming part of the measurement,
which makes BOTDR system difficult to achieve fast response. In this paper, estimation of signal parameters via
rotational invariance technique (ESPRIT) algorithm is proposed to estimate the center frequency of Brillouin scat-
tering spectrum in BOTDR system. Due to fairly low requirement on data length, ESPRIT algorithm can obtain good
frequency estimation over short data length, and makes it possible to increase measurement speed at high spatial
resolution and measurement performance.
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Fig. 2 Brillouin frequency estimated by different algorithms

at different temperatures using 1024 samples
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Fig. 3 Brillouin frequency estimated by different algorithms

at different temperatures using 32 samples
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Overview: Brillouin scattering based on distributed fiber-optic sensing system is very promising for wide range applica-
tions. Brillouin optical time-domain reflectometry (BOTDR) and Brillouin optical time-domain analyzer (BOTDA) are
two widely employed schemes. Normally, BOTDR is of interest in practical implementation due to its single-end launch
and receiving configuration, making it more robust in events of fiber fracture.

To recover temperature and strain information from Brillouin scattering signal in BOTDR, one has to obtain the dis-
tribution of Brillouin frequency shift along the fiber, which can be done by spectral analysis of Brillouin scattering signal
to find the frequency of the peak of the Brillouin gain spectrum. In many schemes, a frequency scanning configuration
is employed to find this Brillouin frequency shift by measuring the signal strength at various frequency points one by
one. Obviously, such schemes take very long time to finish one measurement because tens of frequency points have to
be measured. To shorten the measurement time, broadband schemes can be used by receiving all spectrum of the Bril-
louin scattering signal followed by spectral analysis through algorithms. Fast Fourier transform (FFT) is a popular algo-
rithm in spectral analysis of Brillouin gain spectrum. However, to enhance the spatial resolution of BOTDR, one has to
use data as few as possible, which results in great degradation of spectral resolution and hence temperature and strain
resolution through FFT. Zero-padded FFT algorithm can be used to keep high spectral resolution but it increases com-
putational complexity, imposing stringent requirement on computational resources.

In this paper, ESPRIT algorithm is proposed to estimate the center frequency of Brillouin scattering spectrum in
BOTDR system. Experiments are set up to analyze the performance of three algorithms: FFT with Lorentz spectrum
fitting, zero-padded FFT with spectrum fitting and ESPRIT. The linearity, accuracy and stability of these algorithms for
the same data are compared. It shows that the performance of ESPRIT algorithm is much better than that of FFT with
Lorentz spectrum fitting and is closed to that of zero-padded FFT algorithm with Lorentz spectrum fitting. ESPRIT al-
gorithm works very well on short data length with a quite good performance of accuracy and stability. Moreover, the
computational complexity decreases on short data length for ESPRIT, making fast measurement possible. Therefore,
ESPRIT algorithm proposed in this paper can obtain good frequency estimation over short data length, making it possi-
ble to increase measurement speed at high spatial resolution and measurement performance.

Citation: Liu Z'Y, Zhou L M, Liu W M, et al. Research on ESPRIT estimation algorithm for the central frequency of gain
spectrum in Brillouin optical time-domain reflectrometry(J]. Opto-Electronic Engineering, 2018, 45(6): 180007
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