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Voice and Footstep Signal Monitoring System Based on Phase
Sensitive Optical Time Domain Reflectometer

Sun Wenda, Zheng Jing , Sun Yuan
College of Geoscience and Surveying Engineering, China University of Mining and Technology-Beijing,
Beijing 100083, China

Abstract Based on the broad application prospect of distributed optical fiber sensing technology in the field of perimeter
security, the modulation mechanism and demodulation principle of vibration signals on single-mode optical fiber are
deduced and analyzed in detail, and a set of distributed acoustic sensor (DAS) system based on phase sensitive time domain
reflectometer is constructed. A complete piezoelectric ceramic vibration signal detection experiment and voice and footstep
signal detection experiment are designed. The intensity and phase demodulation of vibration signals are realized by moving
difference summation and orthogonal demodulation algorithm. In the voice detection experiment, the sensitivity of optical
fiber to sound waves is improved by using an iron semi-closed hollow cylinder. The subjective mean opinion value survey
of the original voice and the repeated voice is made to verify the quality of the speech signal. The footstep signals collected
by DAS system are analyzed and interpreted in the time domain and frequency domain, and the relevant features of the
single-step signal is extracted and explained. The experiments prove that this system can realize complex voice and
footstep signal detection in the transmission distance of 2 km, and the spatial resolution can reach 2. 2 m, which can be
well applied to voice and footstep monitoring in the perimeter security.
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Fig. 1 Structure diagram of voice and footstep signal detection system based on ¢-OTDR
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Fig. 2 Digital orthogonal demodulation structure diagram
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Table 1  Optical device performance index
Device performance index ndex Remark
parameter
Wavelength of laser /nm 1550 —
Laser output linewidth /kHz 3 —
Output optical power of the laser /dBm 13 —
AOM center frequency /MHz 200 —
Optical pulse width /ns 30 Adjustable
BPD bandwidth /MHz 0-200 —
Sampling rate of the acquisition card /GHz 1 Adjustable
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Table 2 MOS value evaluation standard

Audio level MOS value Evaluation criterion

Good, good hearing, little delay,

Excellent 4.0-5.0 o
good communication
Slightly poor, clear hearing, little
Good 3.5-4.0 delay, communication is not
smooth, there is noise
. It’s okay, it’s hard to hear, there’s
Middle 3.0-3.5 )
a delay, you can communicate
1t’s hard to hear, there’s a lot of
Bad 1.5-3.0 delay, communication needs to be
repeated a lot
Inferior 0.0-1.5 Very poor, unintelligible, large

delay, poor communication

#£3 AFESMOSHEMIER

Table 3 MOS value evaluation of human voice signal

Number of Number of Number of
MOS value MOS value MOS value Mean value
personnel personnel personnel
1 4.0 6 3.0 11 3.7
2 4.0 7 3.5 12 3.6
3 4.1 8 4.0 13 3.6 3.72
4 4.0 9 3.5 14 3.3
5 3.7 10 3.8 15 4.0
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Table 4 MOS value evaluation of music signal
Number of Number of Number of
personnel MOS value personnel MOS value personnel MOS value Mean value
1 3.5 6 3.0 11 3.4
2 3.5 7 3.7 12 3.5
3 3.5 8 3.0 13 3.6 3.44
4 3.5 9 4.0 14 2.8
5 3.6 10 3.5 15 3.5
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