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Distributed Fiber-Optic Vibration and Temperature Sensing System
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Abstract We propose a distributed fiber-optic vibration and temperature sensing system. The proposed system can
obtain coupled light of two wavelengths on one sensing arm based on the structure of the dual Mach-Zehnder
interferometer by employing the wavelength division multiplexing technique. The implement scheme can achieve the
parallel detection of distributed fiber-optic vibration sensing based on laser interference and distributed temperature
sensing based on Raman backscattering, thus the simultaneous detection of vibration and temperature is realized.
The method effectively uses the sensing fiber-optic based on the dual Mach-Zehnder interferometer and realizes
simultaneous detection of vibration and temperature at a distance of 10 km in the experiment. The positioning error
of vibration sensing is 30 m. The spatial resolution and temperature error of temperature sensing are 1 m and
+1.8 °C, respectively. The advantage of the system is to combine laser interference with Raman backscattering
effectively and realize simultaneous detection of vibration and temperature under the complicated condition. In
addition, the proposed system effectively uses sensing fiber-optic and has great practical and economic value.
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I: isolator

C1, C4, C5: 3 dB fiber coupler

C2, C3: optical circulator

C6: 1:99 fiber coupler

WDM: wavelength division multiplexer
PD: photodetector

DAQ: data acquisition card

IPC: industrial personal computer
CCW: counter clockwise

CW: clockwise

sensing fiber

—> vibration events
—>temperature distribution
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Fig. 1 Structure schematic of proposed system
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Fig. 2 Experimental results of distributed vibration sensing.

(a) Interference signals detected by PD1 and PD2 with vibration

event; (b) vibration positions of 500 sets of vibration events
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Fig. 3 Spectrogram of interference signal
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Table 1

Positioning accuracy statistics

Position error /m [—10,10] [—30,—10]U[10,30] [—50,—30JU[30,50] (—oo,—50]U[50,+=2)
Percentage /% 66.2 15.4 9.6 8.8
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Fig. 4 Temperature curves. (a) Temperature curves at the end of the 10.024 km fiber; (b) temperature curves

between 9200 m and 9500 m; (c) temperature curves between 9550 m and 9700 m
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Table 2 Sensing noise analysis of distributed temperature sensing

Signal-to- Root-mean-

Position /km
noise ratio /dB square error /°C
0-1 27.12 1.3
9-10 22.98 1.8
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