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FPGA-based ®-OTDR Fading Suppression and Phase Demodulation
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(Hubei Key Laboratory for High-efficiency Utilization of Solar Energy and Operation Control of Energy Storage System, Hubei
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Abstract: [Objective] Distributed acoustic sensing based on Phase - Sensitive Optical Time-Domain Reflectometry (®-OTDR)
is a hot topic in both academic and industrial fields. However, signal fading and the heavy burden of large - scale data processing
limit its practical applications. To address the issues of signal reliability and real - time performance, a real-time distributed fiber
optic acoustic sensing system suitable for long - distance sensing is proposed based on Field - Programmable Gate Array (FPGA)
implementation. [Methods]) In a typical ®-OTDR, only an additional phase modulator is introduced to generate multi-frequency
probe light with balanced power. The multiple sensing signals are combined through Vector Rotation Summation (RVS) to
eliminate fading effects. An FPGA processor executes the algorithms for suppressing interference fading and demodulating phase
signals, including steps such as Finite Impulse Response (FIR) filtering, Hilbert transform RVS, arctangent calculation, phase
unwrapping, and phase differentiation, enabling real-time signal processing. [Results] Experimental results demonstrate that the
system can achieve phase demodulation of vibration signals under different frequencies (0.5, 1.0, 2.0 and 4.0 kHz). Signal
fading is effectively suppressed, with a noise floor of approximately —50 dB-rad’/Hz and a Signal - to - Noise Ratio (SNR)
exceeding 20 dB. [Conclusion] The experimental results validate the effectiveness and feasibility of the system and method.
Compared to traditional methods, the system has a more streamlined structure and less hardware resource consumption. Using
FPGA, real - time phase demodulation is realized, which improves the phase demodulation efficiency compared with offline
processing. At the same time, real - time fading suppression is realized, which improves the phase demodulation accuracy. In
addition, in the experimental test, the scheme proposed in this paper realizes 10 km real - time sensing, which makes the system
able to adapt to long-distance and high -speed sensing requirements, especially in the application scenarios with high requirements
for real-time and reliability.
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Figure 1  Block diagram of the phase modulation-based ®-OTDR system
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Figure 2 Schematic diagram of the fading suppression method
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