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Abstract: Aiming at the selection of demodulation methods for heterodyne coherent detection in phase-sensitive optical time-
domain reflectometer(®-OTDR) systems, a Rayleigh backscattering and disturbance signal model is constructed with balanced
photodetector noise incorporated. The performances of 1Q demodulation and Hilbert demodulation are systematically com-
pared in terms of signal-to-noise ratio, disturbance waveform, disturbance frequency, and detection distance. Experimental re-
sults show that both methods can achieve distortion-free demodulation when SNR > 35 dB, when SNR < 35 dB, 1Q demodula-
tion exhibits better noise immunity. Under different disturbance waveforms, IQ demodulation achieves lower distortion and bet-
ter stability. Both methods can stably demodulate disturbances in the frequency range of 200~2 000 Hz. Under fixed system pa-
rameters, the maximum effective detection distance of IQ demodulation reaches 12.7 km, which is approximately 53.01% lon-
ger than that of Hilbert demodulation.

Key words: optical fiber sensing, phase-sensitive optical time domain reflectometry, in-phase/quadrature demodulation, Hil-

bert demodulation, heterodyne coherent detection
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