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INVESTIGATION OF A VECTOR-SCALAR RECEIVER
PRACTICAL APPLICATION
IN PASSIVE MODE

A.I. Mashoshin, V.S. Melkanovich

The purpose of the work is to consider aspects of the practical application of combined (vector-scalar)
receivers (CP) in distributed hydroacoustic underwater surveillance systems when they operate in the passive
mode. The noise immunity of the CP in an isotropic noise field is evaluated. The choice of the most informative
frequency range was made for detecting low-noise underwater objects (LNUO). The width of the directional
characteristic of the CP and the root-mean-square error of the bearing of the local source are estimated when
using the Bartlett and Capon spatial processing algorithms. An algorithm for detecting and classifying LNUO
is presented, based on the detection and analysis of roller-blade sound patterns of discrete components in
the infrasound frequency range. It is shown that this algorithm also makes it possible to detect LINUO when
the input of the CP is exposed to the noise of extraneous objects. An algorithm for detecting LNUO in the
audio frequency range under conditions of exposure to powerful local interference at the input of the CP is
considered, which consists in correcting the spectral correlation matrix of signals at the output of the receiving

channels of the CP by reducing the value of its highest eigenvalue.

Keywords: combined (vector-scalar) receiver, noise reduction, spatial processing, detection and classification

algorithms.

References

1. Peshekhonov V.G., Braga Yu.A., Mashoshin A.I. A network-
centric approach to solving the problem of underwater lighting in the
Arctic). From the Southern Federal University. Technical sciences. 2012,
No. 3, pp. 219-227.

2. Borodavkin A.N., Bogomolov A.P., Durnev LN., Titkov L.V.
Radio-acoustic systems of naval aviation. VUNC Navy “Naval Academy”.
St. Petersburg. 2022. 287 p.

3. Gordienko V.A., Ilyichev V.I., Zakharov L.N. Vector-phase
methods in acoustics. Moscow: Nauka, 1989.

4. Pesotsky A.V., Smaryshev M.D. Comparative evaluation of the
effectiveness of receiving antennas consisting of combined receivers in a
free field and near a flat screen. Acoustic. journal. 1989. Vol. 35, No. 3.
Pp. 495-498.

5. Skrebnev G.K. Combined sonar receivers. St. Petersburg: Elmore,
1997. 200 p.

6. Shenderov E.L. On the noise immunity of a receiving antenna
consisting of sound pressure receivers and oscillatory velocity receivers.
Hydroacoustics. 2002. Issue 3. pp. 24-40.

7. Shchurov V.A. Vector acoustics of the ocean. Vladivostok:
Dalnauka, 2003. 308 p.

8. Smaryshev M.D. On the noise immunity of a sonar combined
receiver. Acoustic. Journal 2005. Vol. 51, No. 4. Pp. 558-559.

9. Smaryshev M.D. Comparative assessment of the noise immunity
of antennas consisting of combined receivers in an anisotropic interference
field . Hydroacoustics. 2006. Issue 6. Pp. 18-24.

10. Dzyuba V.P. Scalar vector methods of theoretical acoustics.
Vladivostok: Dalnauka, 2006. 195 p.

11. Gordienko V.A. Vector-phase methods in acoustics. Moscow:
Fizmatlit, 2007. 480 p.

12. Baskin V.V., Smaryshev M.D. Noise immunity of a flat antenna
consisting of combined receivers. Acoustic. journal. 2008. Vol. 54, No. 4.
Pp. 629-636.

UNDERWATER INVESTIGATIONS AND ROBOTICS. 2025. No. 3 (53)

13. Gordienko V.A., Gordienko E.L., Krasnopivtsev N.V.
Nekrasov V.N. Noise immunity of sonar receiving systems recording
acoustic power flow. Acoustic. Journal, 2008, vol. 54, No. 5. Pp.774-785.

14. Kasatkin B.A., Zlobina N.V., Kasatkin S.B., Zlobina D.V.,
Kosarev G.V. Evaluation of the noise immunity of a combined receiver in
the shallow sea sound field. Underwater research and robotics. 2017. No. 2
(24). Pp. 41-51.

15. Smaryshev M.D. On the use of combined receivers and antennas
in shipboard hydroacoustics. Hydroacoustics. 2016. No.25 (1). Pp.5-16.

16. Matvienko Yu.V., Kamorny A.V., Hvorostov Yu.A. On one
approach to solving the problem of detecting an underwater source of noise
signals. Underwater research and robotics. 2018. No. 2 (26). Pp. 37-43.

17. Matvienko Yu.V., Hvorostov Yu.A., Kamorny A.V,
Glushchenko M.Yu., Kuzkin V.M., Perestelkov S. A. Experimental studies
of a system for detecting low-noise underwater targets in shallow waters.
Underwater research and robotics. 2022. No. 3 (41). Pp. 4-12. DOIL:
10.37102/1992-4429 2022 41 _03_01. EDN: CUYKTZ

18. Matvienko Yu.V., Hvorostov Yu.A., Kuleshov V.P. Features of the
use of scalar-vector sound receivers in underwater monitoring systems in
local areas. Underwater research and robotics. 2022. No. 4 (42). Pp. 4-15.
DOI: 10.37102/1992-4429 2022 _42 04 _01. EDN: CAMOFW.

19. Urik R. J. Fundamentals of hydroacoustics, Sudostroenie, 1978.

20. Alexandrov I.A. On the physical nature of the sound of propeller
rotation in cavitation mode. Acoustic. Journal. 1962. Vol. 8, No. 4, p.34.

21. Okhrimenko S.N., Mnakatsanyan A.A., Rubanov I.L. Some fea-
tures of noise emission of objects detected by hydroacoustic means. Sci-
entific Bulletin of the Defense Industry of Russia. 2023. Issue 2. Pp.51-56.

22. Grinenkov A.V., Mashoshin A.l. Evaluation of the accuracy of
determining the distance to an underwater noise source at the maximum
detection distance. Hydroacoustics. 2024. No. 57 (1). Pp.59-70

23. Kuzkin V.M., Matvienko Yu.V., Perestelkov S.A. Applica-
tion of interferometric processing for localization of low-noise sound

13



SYSTEMS, TECHNOLOGIES AND EXPERIMENTS

sources. Underwater research and robotics. 2019. No. 4 (30). pp.49-57.

24. Malyshkin G.S. Optimal and adaptive methods of hydroacoustic
signal processing. In 2 volumes. Volume 2. Adaptive methods. JSC Con-
cern Central Research Institute Electropribor. 2011. 374 p.

25. Acoustics of the ocean, edited by L.M.Brekhovskikh. Moscow:
Nauka, 1974. 694 p.

26. Koryakin Yu.A., Smirnov S.A., Yakovlev G.V. Shipboard sonar
technology. Current status and current issues. Saint Petersburg: Nauka,
2004. 412 p.

27. Malyshkin G.S., Melkanovich V.S. Classical and fast projection
adaptive algorithms in hydroacoustics. St. Petersburg: SSC RF JSC “Con-
cern “Central Research Institute “Electropribor”. 2022. 268 p.

(@]

Recommended citation:

Information about authors

MASHOSHIN Andrey Ivanovich, doctor of science, professor,
chief of the research center

JSC «Concern «Elektropribor»

Address: 197046, Saint-Petersburg, Malaya Posadskaya str., 30

Scientific interests: in underwater acoustic, AUV control systems

E-mail: aimashoshin@mail.ru

Phone: +79217632345

ORCID: 0000-0002-4785-966X

MELKANOVICH Victor Sergeevich, PhD, leading scientist
JSC «Concern «Elektropribor»

Address: 197046, Saint-Petersburg, Malaya Posadskaya str., 30
Scientific interests: in underwater acoustic, AUV control systems
E-mail: vmelkanovich@mail.ru

Phone: +79112670573

ORCID: 0009-0006-4402-1411

Mashoshin A.l., Melkanovich V.S. INVESTIGATION OF A VECTOR-SCALAR RECEIVER PRACTICAL APPLICATION IN PASSIVE
MODE. Underwater investigations and robotics. 2025. No. 3 (53). P. 4—=14. DOI: 10.37102/1992-4429 2025 53 03 _01. EDN:

DCGERL

14 UNDERWATER INVESTIGATIONS AND ROBOTICS. 2025. No. 3 (53)



