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USING A VECTOR–SCALAR SENSOR  
TO STUDY THE CHARACTERISTICS  

OF UNDERWATER NOISE OF A SCUBA DIVER

S.V. Gorovoy, A.A. Tagiltsev, V.G. Sirenko

The results of an experimental study in the frequency band 10-4000 Hz of spectral densities, coherence 
functions, and one-dimensional probability distribution densities of instantaneous sound pressure values and 
the horizontal component of the sound pressure gradient of underwater noise from a scuba diver equipped 
with Aeris scuba gear (USA) motionless at the bottom are presented. The noises were recorded in the coastal 
water area at a distance of 2 m from the source. During the experiment, man-made interference caused by the 
movement of ships, as well as pulse interference caused by marine crustaceans, was observed. It is shown that 
the main part of the noise energy generated by the breathing of a scuba diver is concentrated in the range 
of 15-1000 Hz. The highest values of the coherence function of the signals perceived by the sound pressure 
receiver and the sound pressure gradient receiver during exhalation were observed in the regions of 25-100 
Hz and 350-600 Hz, during inspiration – in the regions of 80-250 Hz and 350-800 Hz. It is proposed to use 
the sums of Gaussian distributions as models of the distribution densities of the instantaneous values of the 
recorded noises. Recommendations on possible practical applications of the research results are given. 

Keywords: hydroacoustic noise of shallow sea, vector–scalar sensor, underwater noise from a scuba diver.

References

1.	Buzzacott P. Mortality rate during professionally guided scuba div-
ing experiences for certified divers, 1992-2019 // Diving and Hyperbaric 
Medicine. 2021.– June. 30. 51(2). P. 147-151. 

2.	Korenbaum V.I., Gorovoy S.V., Tagiltsev A.A., et al. The possibil-
ity of passive acoustic monitoring of light divers // Reports of the Academy 
of Sciences. 2016. Vol. 466. No. 5. P. 1-5. 

3.	Korenbaum V.I., Borodin A.E., Gorovoy S.V., and others. Experi-
mental study of biological noise of divers. Fundamental science is devoted 
to the Navy. Volume 2. Materials of the round table in the framework of the 
VII International Naval Salon. July 1, 2015, Moscow: TECHNOSPHERE, 
2016. P. 92-98. 

4.	Korenbaum V.I., GorovoyS.V., Kostiv A.E., et al. An attempt at 
hydroacoustic localization of an open-circuit scuba diver //The Journal of 
the Acoustical Society of America. 2019, 146(6), P. 4507–4513. 

5.	Gemba K., Nosal E. Source signature characterization for detection 
of open–circuit SCUBA regulators // Proceeding of Meeting on Acoustics. 
2013. V. 19. 

6.	Erbe C., Parson V., Duncan A., et al. Underwater acoustic signature 
of recreational swimmers, divers, surfers and kayakers // Acoustics Austra-
lia. 2016. Vol. 44(2). P. 333-341. 

7.	Gorovoy S., Korenbaum V., Borodin A. et al. Detecting respiratory 
noises of diver equipped with rebreather in water // Proceedings of Meet-
ings on Acoustics. 2015 24(1), 070020. 

8.	Rebreather FROGS 18 [Electronic resource] https://milproa-
qualung.com/products/frogs-18 ?variant=45006669938871. Verified on 
03/24/2026. 

9.	Gorovoy S.V. Comparative analysis of the characteristics of sig-
nals recorded using a vector receiver and a pressure hydrophone in shallow 
water // Proceedings of the XXXVI session of the Russian Acoustic Soci-
ety. Moscow: GEOS, 2024. P. 77-83. 

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

11.	 Kasatkin B.A., Zlobina N.V., Kasatkin S.B., and others. Shallow 
sea acoustics in a scalar–vector description: theory and experiment. Vladi-
vostok: IPMT FEBRAS, 2019. 360 p. 

12.	 Dzyuba V.P. Scalar vector methods of theoretical acoustics. Vlad-
ivostok: Dalnauka Publ., 2006. 195 p. 

13.	 Bendat J., Pirsol A. Applied analysis of random data. Moscow: 
Mir, 1989. 540 p. 

14.	 Breslav I.S. Patterns of respiration: Physiology, extreme condi-
tions, pathology. L.: Nauka, 1984. 206 p. 

15.	 Bouvet M., Schwartz S.C. Underwater noises: Statistical model-
ing, detection, and normalization // The Journal of the Acoustic Society of 
America. 1988. Vol. 83. No. 3. P. 1023-1033. 

16.	 Bond J.W., Stein D., Zeidler J. Gaussian Mixture Models for 
Acoustic Interference // Technical Report 1667 AD–A285 950 DTIC, 1994. 

17.	 Gorovoy S.V. Statistical models of the hydroacoustic noise back-
ground of shallow coastal waters // Proceedings of the XXXVIII session of 
the Russian Acoustic Society. Moscow: GEOS.– 2026. 131-137. 



UNDERWATER  INVESTIGATIONS AND ROBOTICS. 2026. No. 3 (57)94

SEA TECHNOLOGY FACILITY AND METHODS OF UNDERWATER RESEARCH

Information about the authors 

GOROVOY Sergey Vladimirovich, associate Professor of 
the Department of Electronics, Infocommunications and 
Instrumentation 

Federal State Autonomous Educational Institution of Higher 
Education "Far Eastern Federal University" 

Adress: FEFU Campus 10 Ajax Bay, Russky Island Vladivostok 
690922 Russia

V.I. Ilyichev Pacific Oceanological Institute Far Eastern Branch 
Russian Academy of Sciences 

Adress: 690041, Vladivostok, st. Baltic, 43
Research interests: digital signal processing, sonar measurements, 

vector–scalar sensors 
Phone: +7914-721-21-86 
E-mail:  GorovoySV@mail.ru 
ORCID: 0000-0003-1370-953X

Tagiltsev Alexander Anatolyevich, Ph.D., associate professor, 
head of Laboratory for Ocean Research Equipment Development

V.I. Ilyichev Pacific Oceanological Institute Far Eastern Branch 
Russian Academy of Sciences 

Adress: 690041, Vladivostok, st. Baltic, 43
Research interests: hydroacoustic antennas and transducers, 

acoustic measurements
Phone: +7 (423) 231-18-50
E-mail: atagiltsev@poi.dvo.ru
ORCID: 0000-0001-9207-4418

SIRENKO Vladimir Grigorievich, Master's student in 
the Department of Electronics, Infocommunications and 
Instrumentation. 

Federal State Autonomous Educational Institution of Higher 
Education "Far Eastern Federal University" 

Adress: FEFU Campus10 Ajax Bay, Russky Island Vladivostok 
690922 Russia

Research interests: diving, sonar measurements, marine mammal 
research

Phone: +7914-655-88-64 
E-mail: vlad_sir2019@gmail.com 

Recommended citation: 

Gorovoy S.V., Tagiltsev A.A., Sirenko V.G. USING A VECTOR–
SCALAR SENSOR TO STUDY THE CHARACTERISTICS OF 
UNDERWATER NOISE OF A SCUBA DIVER. UNDERWA-
TER INVESTIGATIONS AND ROBOTICS. 2026. No. 3 (57). 
С.  84–94. DOI: 10.37102/1992-4429_2026_57_03_10. 
EDN: OAWTIK.


