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Abstract Fiber-optic distributed acoustic sensing (DAS) technology based on linear frequency modulation (LFM) pulses has
gained popularity due to its ability to combine the advantages of both continuous and pulse waveforms in detection light. By
utilizing the principle of frequency shift, additional phases can be generated to achieve phase compensation for fiber strain
sensing. This technology enables quantitative waveform recovery of acoustic signals at various locations along the fiber optic
link, with fast response times and high sensitivity. DAS has significant potential for applications in geophysics and linear

infrastructure monitoring. In this study, we discuss the basic sensing mechanism of LEM pulse-based DAS technology,
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present research progress on key scientific and technical indicators such as sensing distance, spatial resolution, frequency

response, and fading noise suppression, and introduce the progress of DAS in typical applications. Finally, we discuss

possible future development trends.
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Fig. 6

Principle of step frequency scanning sensor. (a) Step frequency scanning; (b) data processing structure
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Table 1 Classification and comparison of sensing principles based on LFM pulse DAS

Classification Reference

Key technology

Technical characteristics

[30] Stepping frequency scanning method

Time domain [34]

[35] Wavelength scanning method

Frequency domain [37]

Linear frequency scanning method

Long pulse combined with pulse compression

Static measurement (temperature, strain, etc) ;
Cross correlation along fiber distance ;
Complex system with long measurement time
Static and dynamic measurement;
Cross correlation along fiber distance;
Single shot measurement
Static and dynamic measurement;
Cross correlation along laser frequency ;
Simple system solution
Static and dynamic measurement;
Rayleigh fast frequency demodulation

High spatial resolution
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Table 2 Development of DAS performance indicators based on LFM pulse

Vear Key technology ' Sensing Spa'tial Frequency Fad'ing
distance /km resolution /m  response /Hz  noise
2015 Time gated LFM pulse"™” 110 1.6 Yes
2017 LFM pulse with first-order Raman amplification "’ 75 10 500 No
2019 Hanning window pre-distorted LFM pulse'™ 108 5 455 No
2020 Dual identical LFM pulse +weak FBGs'™ 101. 64 10 80 Yes
2023 Frequency-diversity LFM pul's.e—i—'dive’rrsity combining+ Raman 1007 20 16 Ves
amplification””
2015 LEM pulse with 90° optical hybrid"" 40 3.5 600 Yes
2017 LLEM probe pulse™™ 19.8 0.3 200 Yes
2018 LFM Gaussian pulse”” 50 0.34 700 Yes
2019 LFM pulse and Non-matched filter'™"! 10 2 5000 No
2019 LEM pulse and matched filters™” 10 0.9 5000 Yes
2017 LFM pulse based on FDM"™"” 24.7 10 9000 Yes
2020 Interleaved identical LFM pulse” 0.86 5 277000 No
2020 LFM combined with weak reflector arrays"”’ 100 0.1 20000 No
2020 LEM pulse+ 2D linear filtering'™” 42 10 0.02-1 No
2020 LEM pulse+ phase analysis method"""! 1.2 10 1500 No
2020  Positive and negative LEM 4RV SM + Raman amplification ™’ 103 9.3 10800 No
2021 Continuous LFM wave "’ 1 4.4 1000000 No
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