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Abstract — This research is some contribution to advancing
acoustic sensing, offering long-range monitoring of boreholes.
High sensitive distributed acoustic sensor is required in oil
and gas exploration, pipeline detection, and various practical
applications. In this paper, a high sensitive quasi distributed
acoustic sensor was tested in borehole. The waveforms are
presented and distributed audio signal and spatial acoustic
imaging are demonstrated. The field test results of the sound
detection illustrate a good sensitivity within the flat frequency
range up to 5 kHz up to 900 m depth. The partial results
obtained further developments and applications in various
fields.
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I. INTRODUCTION

The design of distributed fiber-optic sensors has possible
to use systems for observation the condition of extended
industry facilities such as oil and gas pipelines, railways,
subways, production wells and cable routes [1]. A sensing
element is optical fiber. In addition, it is used to transmit an
information signal, which significantly reduces the size and
weight of the system [2—4]. The use of electrical sensors in
the systems described above is either economically
impractical or physically impossible because the electric
sensor is capable of making measurements at a single point.
So, a large number of point sensors are required to
monitoring of the extended object. At the same time, each
fixed sensor will create electromagnetic hindrances. It is
invisible with a small number of elements, but impact to
operation of compact tools. If the size of the system is
limited, for example, for well monitoring, it is impossible
to place electrical sensors along the length. Distributed
fiber-optic sensors are placed in the well using flexible
tubing.

It is the possibility of non-standard placement to cover a
certain surface, or wrapping around objects with a circular
cross-section, such as pipes due to the flexibility of fiber
[5-6]. To obtain advanced information about the condition
of an object, a combination of a distributed acoustic sensor
and a distributed temperature sensor is usually used [7].
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Il. STATE-OF-THE-ART

Nowadays distributed fiber-optic acoustic sensors (DAS)
have wide fields of application: petroleum industry,
railway, cable communications etc. [8-10].

An improved DAS using a waveguide electro-optic phase
modulator and a novel phase demodulation on homodyne
detection is proposed in [11]. The signal-to-noise ratio
(SNR) 20 dB is achieved, and the spatial resolution is about
10 m at 5 km sensing fiber.

Paper [12] devoted to suppress the interference fading
effect of OTDR system, a multi-frequency detection fading
recognition and suppression method based on SVM
classification. This method shows a good performance and
simple structure is used to construct the classifier.

Authors [13-15] use DAS Transducer for Enhanced
Acoustic Sensitivity. Some papers propose methods for
signal processing for DAS. For example, a deep learning
approach for the separation of multi-source signals in the
UW-FBG DAS system was design in [16]. The
effectiveness and robustness of the method were verified
by comparing of other methods and different signals. It is
providing a valuable solution for the signal separation in
complex environments using DAS [17].

I1l. MEASUREMENTS

We use DAS based on an advanced ¢-OTDR for the field
test results [13-15, 18-20].

A borehole seismic device was used for the first stage of
testing. This device generates shocks of a given energy in
Joules. The test scheme is shown in Fig. 1. The device was
lowered into the 5 m well from the ground surface. Also
there were 135 m of fiber in the well.

The seismic device generated an impact with energy of
0.1 kJ, 0.5kJ, 1.0 kJ, and 1.5 kJ (Fig. 2). The measurement
results are shown in Figs. 3-6. The graphs correspond to
the part of the fiber and the time where the effect was
observed.
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Fig. 3. Acoustic impact with energy of 0.1 kJ
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Fig. 4. Acoustic impact with energy of 0.5 kJ

Fig. 5. Acoustic impact with energy of 1.0 kJ.
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Fig. 1. Measurement chart
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Fig. 6. Acoustic impact with energy of 1.5 kJ.
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Fig. 2. Detection of signal from fiber.
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It is difficult to find exactly where the seismic device is
on this diagrams, but from [21] follows that where there is
one white stripe in Fig. 3.

IV. DISCUSSION

Each track is a point on the fiber. The distance between
the tracks is 0.8 m. the 1.5 kJ. Impact vibration spread to a
depth of 62 m from the seismic device in 3 sec from the
seismogram data. This corresponds to the expected results.
It seems we need some detection of vibration without
fading-noise [22]. If we transform the graphs into black and
white characterizing the intensity of seismic vibrations,
interference is clearly visible when the impact energy
increases to 1.0 kJ (Fig. 7).
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Fig. 7. Interference with acoustic impact with energy of 1.0 kJ.

V. CONCLUSIONS

Fiber-optic DAS can obtain locations and waveforms of
vibrations occurring at any section of the optical fiber. In
this paper we propose visualization of the acoustic impact
for define distance from surface to point of fiber.
Nevertheless, field test resulted that fading noise caused by
interference makes DAS unable to detect vibrations
correctly without fading suppression.

REFERENCES

[1] J.C. Juarez, E.W. Maier et al, "Distributed fiber-optic intrusion sensor
system," Journal of Lightwave technology, 2005, no. 23(6), p. 2081.

[2] Q. Liu, X. Fan, and Z. He, "Time-gated digital optical frequency
domain reflectometry with 1.6-m spatial resolution over entire 110-
km range," Opt. Express, 2015, no. 23(20), pp. 25988-25995.

[3] O.V. Stukach, L. A. Ershov, L.V. Sychev, “Towards the Distributed
Temperature Sensor with Potential Characteristics of Accuracy”,
2018 XIV International Scientific-Technical Conference on Actual
Problems of Electronics Instrument Engineering (APEIE), October 2-
6, 2018, Novosibirsk, Russia. DOI: 10.1109/APEIE.2018.8546271.

[4] D. Chen, Q. Liu, X. Fan, and Z. He, "Distributed fiber-optic acoustic
sensor with enhanced response bandwidth and high signal-to-noise
ratio," Journal of Lightwave technology, 2017, no. 35(10), pp. 2037-
2043.

[5] R.Zh. Aimagambetova, A.D. Mekhtiyev, O.V. Stukach, "Experimental
Studies of Laboratory Samples of Fiber-Optic Sensors within
Reinforced Concrete Building Construction. Part 1: Overview",
International Seminar on Electron Devices Design and Production
(SED), 2024 October 02-03, Sochi, Russian Federation, Publisher:
IEEE. DOI: 10.1109/SED63331.2024.10741063.

19

[6] R.Z. Aimagambetova, A.D. Mekhtiyev, O.V. Stukach, "Experimental
Studies of Laboratory Samples of Fiber-Optic Sensors within
Reinforced Concrete Building Construction. Part 2: The Experiment,”
Dynamics of Systems, Mechanisms and Machines (Dynamics), 2024,
12-14 Nov., Omsk, Russian Federation, pp. 1-8, DOI:
10.1109/Dynamics64718.2024.10838662.

[7] ILA. Ershov, O.V. Stukach and R.Z. Aimagambetova, "The Peculiar
Measure Identifying of the Temperature Leap in the Distributed
Raman Sensors", Dynamics of Systems, Mechanisms and Machines
(Dynamics), 2021, 9-11 Nov., Omsk, Russian Federation, pp. 1-4,
doi: 10.1109/Dynamics52735.2021.9653721.

[8] Q. Sun, C. Fan, H. Li et al, “Progress of research on optical fiber
distributed acoustic sensing technology in petroleum industry”,
Geophysical Prospecting for Petroleum. 2022, no. 61(1), pp. 50-59,
DOI: 10.3969/j.issn.1000-1441.2022.01.005.

[9]1 H. Wu, Z. Chen, L. Lv, et al, “Novel pressurized water pipe leak
monitoring method based on the distributed optical fiber vibration
sensor”, Chin. J. Sci. Instrum. 2017, no. 38(1), pp. 159-165, DOI:
10.19650/j.cnki.cjsi.2017.01.0 21.

[10] J. Tejedor, J.M. Guarasa, H.F. Martins, et al, “A contextual GMM-
HMM smart fiber optic surveillance system for pipeline integrity
threat detection”, Journal of Lightwave Technol., 2019, no. 37(18),
pp. 4514-45225, DOI: 10.1109/JLT.2019.2908816.

[11] F. Ma, X. Wang, Y. Wang, R. Zhu, Z. Yuan et al, "An improved
device and demodulation method for fiber-optic distributed acoustic
sensor based on homodyne detection”, Optical Fiber Technology,
71(2022), p. 102925, DOI: 10.1016/j.yofte.2022.102925.

[12] Y. Wang, J. Wang, Y. Fan, Y. Gao et al, "Interference fading
suppression for distributed acoustic sensor using frequency-shifted
delay loop", Optics & Laser Technology 171(2024), p. 110441, DOI:
10.1016/j.optlastec.2023.110441.

[13] D.F. Gomes, G.H. Weber, D.R. Pipa, M.J. Silva et al., “DAS
Transducer for Enhanced Acoustic Sensitivity”, IEEE Sensors
Letters, 2023, wvol. 7, no. 9, p. 5001204, DOI:
10.1109/LSENS.2023.3309262.

[14] H. Li, Q. Sun, T. Liu, C. Fan, et al, "Ultra-High Sensitive Quasi-
Distributed Acoustic Sensor Based on Coherent OTDR and
Cylindrical Transducer", Journal of lightwave technology, 2020, vol.
38, no. 4, February 15, pp. 929-938, DOI:
10.1109/JL.T.2019.2951624.

[15] D.F. kandamali, X. Cao, M. Tian, Z. Jin, et al, “Machine learning
methods for identification and classification of events in phi-OTDR
systems: a review”, Appl. Optics, 2022, no. 61(11), pp. 2975-2997.,
DOI: 10.1364/A0.444811.

[16] Z. Luo, Z. Yang, X. Chen, C. Ran, J. Huang, Y. Ye, "Separating
method for multi-source vibration signals in ultra-weak fiber Bragg
grating distributed acoustic sensors", Optical Fiber Technology, 2023,
no. 81, p. 103501, DOI: 10.1016/j.yofte.2023.103501.

[17] Z. Luo, Z. Yang, B. Lu, B. Xu, J. Huang, “Modular DAS
demodulation system based on ultra-weak fibre Bragg grating”, J.
Instrum., 2022, no. 17(10), p. 10037, DOI: 10.1088/1748-
0221/17/10/P10037.

[18] D. Chen, Q. Liu, and Z. He, "Distributed fiber-optic acoustic sensor
with sub-nano strain resolution based on time-gated digital OFDR",
Asia Communications and Photonics Conference, Guangzhou(China),
2017, p. S4A.2.

[19] S. Wang, X. Fan, Q. Liu, and Z. He, "Distributed fiber-optic vibration
sensing based on phase extraction from time-gated digital OFDR,"
Opt. Express, 2015, no. 23(26), pp. 33301-33309.

[20] L. Macedo, E. Pedruzzi, L. Avellar, et al, “High-resolution sensors
for mass deposition and low-frequency vibration based on phase-
shifted bragg gratings”, IEEE Sensors Journal, 2023, no. 23 (3), pp.
2228-2235, DOI: 10.1109/JSEN.2022.3231434.

[21] ILA. Ershov, O.V. Stukach, N.V. Myasnikova, "Features of the
Implementation of the Extremal Filtration Method in the Distributed
Optic-Fiber Temperature Sensor", 2021 International Seminar on
Electron Devices Design and Production (SED), Czech Republic,
Prague, 27-28 April, 2021, IEEE Publisher, 5 p., DOl
10.1109/SED51197.2021.9444514.

[22] D. Chen, Q. Liu, and Z. He, "Phase-detection distributed fiber-optic
vibration sensor without fading-noise based on time-gated digital
OFDR," Opt. Express, 2017, no. 25(7), pp. 8315-8325.



© CHUCTEMHASI MH)XEHEPUS 1 NHO®OKOMMVYHUKAINN. 2025, Nel (1) https://sys-engine.ru

HNudopmanust 06 aBTopax:

EpmoB 1lBaH AmHaTONbeBUY, acCUCTEHT Kadeapbl

3anuTsl nHdopmanuu HoBocubupckoro
TOCYAapCTBEHHOI'O ~ TEXHMYECKOTO  yHUBEpCHTETa, T.
HoBocubupck, Poccus, e-mail: ershov@corp.nstu.ru,

ORCID: 0000-0003-1524-6508.
Crykaa Oner Brmagumuposud,
kadenper  3amuTel  WHPOPMAIUU
TOCYIapCTBEHHOTO  TEXHHYECKOTO
Hosocubupck,  Poccus,

I.T.H., Tpodeccop
Hosocubupckoro
yHHUBEpCUTETA, T.
mpodeccop  AemapTaMeHTa
ONEeKTpOHHOW HWHXXEHEepHH MOCKOBCKOTO  HHCTHUTYTa
SJIEKTpOHUKM u  Matematuku uM. A.H.TuxoHosa
HanumonaneHOro  MCCIENOBATENIbCKOTO  YHHUBEPCHUTETA
«BrIcIIas mIKojIa 9KOHOMUKW», I'. MockBa, Poccust, e-mail:

tomsk@ieee.org , ORCID: 0000-0001-6845-4285.

IloneBble HCTBITAHMS pacnpez[enéHHoro
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Annomayua — IT0 HccIeJOBaHHe SIBJIsAETCSl BKJIAIOM B
pa3sBHTHE  AKYCTHYECKOr0  30HAMPOBAHMs, Ipeljaras
MOHHTOPMHI  CKBaXHH Ha  OOJBIIMX  PACCTOSTHHSIX.
BbICOKOUYBCTBUTEIbHBIA pacnpele]éHHbI  aKyCcTHYeCKHU
JaTYMK Heo0XoaMM 1pu  pa3Beake HepTH M rasa,
MOHHTOPHHIE TPY0ONPOBOAOB H B JAPYIHX HPaKTHYECKHX
npuioxkenusax. B 3Toil cTraTbe BBICOKOYYBCTBHUTE/IbHBIN
KBa3upacnpeaeaéHHbI aKyCTHYeCKHii JaTYUK ObLT HCHBITAH
B CKBaKUHE. IIpeacraBiensl hopmbI BOJIHBI,
NPOAEeMOHCTPUPOBAHbI  PACHpPeAeJEHHBIN AyAMOCUTHAT U
NPOCTPAHCTBEHHAas! aKycTH4yecKast BU3YaJU3aLHUsl.
Pe3ynbTaThl MOJIEBBIX MCHOBITAHWI OOHApY:KeHHs] 3BYKa
WLTIOCTPHPYIOT XOPOINYI0 YYBCTBHUTEIBHOCTH B Ipejeax
YacTOTHOro amama3zoHa 10 5 kl'm Ha ray6une mo 900 m.
YacTuyHble pe3yJbTaThl MOJYYHIIH JajbHeiilllee pasBUTHE U
NMpHMeHeHHe B Pa3IHYHbIX 00/1aCTHAX.

KmroueBsie ciioBa — DAS, nonasiienne 3atyxanus, OTDR,
HeTsiHAsA reodu3uKa, aHAJIU3 BUOpaLMii.
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