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IMPROVING ECHO SOUNDER DEPTH ACCURACY 
USING THERMOMETRIC DATA

A.N. Samchenko, A.V. Kosheleva, A.A. Pivovarov, I.O. Yaroshchuk

This paper demonstrates the impact of hydrological processes on bathymetric surveys conducted with 
standard echo sounders. It proposes correcting the obtained depths using sea temperature measurements. 
Temperature is known to significantly affect the speed of sound in water. Although some echo sounders 
allow setting an average water temperature or can be equipped with temperature sensors, the sea surface 
temperature can significantly vary from the average temperature of the water column. For nearly two decades, 
the authors have been conducting hydrological and acoustic research in the shelf zone of the southwestern part 
of Peter the Great Bay (the Sea of Japan). The hydrology in the bay is characterized by high variability during 
the summer and autumn seasons, with high-frequency, intense internal waves observed against a background 
of low-frequency oscillations. The temperature profile in the bay at sea depths exceeding 40 meters typically 
features a single, well-defined surface thermocline that forms in spring as the upper layer warms, whereas up 
to three distinct thermoclines can be observed in late summer. In October, a high-gradient thermocline occurs, 
where the temperature can change by up to 18 °C within a 10-meter depth interval. Consequently, the depth 
determination error can reach 3.5%, or 2.5 meters for a sea depth of 70 meters.

Keywords. echo sounder, acoustic signals, bathymetry, thermometry, internal waves, thermocline, Peter 
the Great Bay, the Sea of Japan.

References
1.	 Abbasov I.B. Modern trends in monitoring the aquatic environ-

ment of coastal water areas // Environmental safety of the coastal and off-
shore zones of the sea. 2019. No. 1. P. 29‒39. DOI: 10.22449/2413-5577-
2019-1-29-39

2.	 Dushenin Yu.V., Markovich I.I. Application of multipath sonar 
instruments with digital spatial and temporal signal processing for envi-
ronmental monitoring of water areas // Izvestiya SFU. Technical sciences. 
2015. No. 12(173). P. 85‒98.

3.	 Brown C.J., Sameoto J.A., Smith S.J. Multiple methods, maps, 
and management applications: Purpose made seafloor maps in support of 
ocean management // Journal of Sea Research. 2012. Vol. 72. P. 1‒13. DOI: 
10.1016/j.seares.2012.04.009.

4.	 Uchino K. Advanced Piezoelectric Materials. Part of series: 
Woodhead Publishing in Materials. Chapter 1 - The Development of Piezo-
electric Materials and the New Perspective. Woodhead Publishing, 2017. 
92 p. DOI: 10.1016/B978-0-08-102135-4.00001-1.

5.	 Markovich I.I. Digital spatial and temporal signal processing in 
multipath sonar of a marine underwater robotic complex // Izvestiya SFU. 
Technical sciences. 2019. No. 1(203). P. 239‒248. DOI: 10.23683/2311-
3103-2019-1-239-248.

6.	 Markovich I.I., Zavtur E.E. An algorithm for determining the co-
ordinates of targets using the difference-range method, taking into account 
inaccuracies in the installation of receiving sonar antennas // Izvestiya SFU. 
Technical sciences. 2017. No. 8(193). P. 162‒171. DOI: 10.23683/2311-
3103-2017-8-162-171.

7.	 Gaida T.C., Mohammadloo T.H., Snellen M., Simons, D.G. Map-
ping the Seabed and Shallow Subsurface with Multi-Frequency Multibeam 
Echosounders // Remote Sens. 2020. №12. 52. DOI: 10.3390/rs12010052.

8.	 Hidayat W., Saputra L.R., Hidayat R.R. et al. Comparison of 
Sound Speed from Measurements and Models in the Waters of Bunaken 

National Park, North Sulawesi. 19 May 2025: PREPRINT. DOI: 10.21203/
rs.3.rs-6653653/v1.

9.	 Dolgikh G.I., Dolgikh S.G., Chebrov V.N., Shevchenko Yu.V. 
The Cape Schultz geophysical polygon // Bulletin of the Far Eastern 
Branch of the Russian Academy of Sciences. 2010. No. 5. P. 165‒169.

10.	 Leontyev A.P., Yaroshchuk I.O., Smirnov S.V., Kosheleva A.V., 
Pivovarov A.A., Samchenko A.N., Shvyrev A.N. A spatially distributed 
measuring complex for monitoring hydrophysical processes on the ocean 
shelf // Instruments and Experimental Techniques. 2017. Vol. 60. No. 1.  
P. 130‒136. DOI: 10.1134/S0020441216060191

11.	 Yaroshchuk I.O., Leontiev A.P., Kosheleva A.V., Samchenko 
A.N., Pivovarov A.A., Khrapchenkov F.F., Shvyrev A.N., Yaroshchuk E.I. 
Experimental studies of internal waves in the coastal zone of the Sea of 
Japan // Underwater research and Robotics. 2013. No. 1. P. 37‒44.

12.	 Samchenko A., Dolgikh G., Yaroshchuk I., Kosheleva A., Piv-
ovarov A., Novotryasov V. Extreme Hydrometeorological Conditions of 
Sediment Waves’ Formation and Migration in Peter the Great Bay (The Sea 
of Japan) // Water. 2023. Vol. 15. 393 P. DOI: 10.3390/w15030393.

13.	 Yaroshchuk I., Kosheleva A., Lazaryuk A., Dolgikh G., Pivo-
varov A., Samchenko A., Shvyrev A., Gulin O., Korotchenko R. Estima-
tion of Seawater Hydrophysical Characteristics from Thermistor Strings 
and CTD Data in the Sea of Japan Shelf Zone // J. Mar. Sci. Eng. 2023.  
Vol. 11. 1204 p. DOI: 10.3390/jmse11061204.

14.	 IOC, SCOR and IAPSO The international thermodynamic equa-
tion of seawater – 2010: Calculation and use of thermodynamic proper-
ties. Intergovernmental Oceanographic Commission, Manuals and Guides. 
2010. No. 56. UNESCO (English). P. 171.

15.	 Kuperman W.A., Lynch J.F. Shallow-water acoustics // Physics 
Today. 2004. Vol. 10(57). P. 55‒61.



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

SEA TECHNOLOGY FACILITY AND METHODS OF UNDERWATER RESEARCH

75

About the authors
SAMCHENKO Alexander N., Ph.D., Senior Researcher
V.I. Il'ichev Pacific Oceanological Institute, Far Eastern Branch, 

Russian Academy of Sciences
Address: 43 Baltiyskaya Str., Vladivostok, Russia, 690041
Research interests: geoacoustic modeling, low-frequency hydro-

acoustics, seismoacoustics, shelf and coastal geomorphology
Е-mail: samchenko.an@poi.dvo.ru
ORCID: 0000-0002-5184-0718

KOSHELEVA Alexandra V., Researcher
V.I. Il'ichev Pacific Oceanological Institute, Far Eastern Branch, 

Russian Academy of Sciences
Address: 43 Baltiyskaya Str., Vladivostok, Russia, 690041
Research interests: hydroacoustics, oceanology, data processing
Е-mail: kosheleva@poi.dvo.ru
ORCID: 0000-0001-6508-6325

PIVOVAROV Alexander A., Researcher
V.I. Il'ichev Pacific Oceanological Institute, Far Eastern Branch, 

Russian Academy of Sciences
Address: 43 Baltiyskaya Str., Vladivostok, Russia, 690041
Research interests: hydroacoustics, hardware, oceanology
E-mail: pivovarov@poi.dvo.ru
ORCID: 0000-0003-0037-1568

YAROSHCHUK Igor O., Dr. Sc. (Phys. & Math.), Head of 
Laboratory

V.I. Il'ichev Pacific Oceanological Institute, Far Eastern Branch, 
Russian Academy of Sciences

Address: 43 Baltiyskaya Str., Vladivostok, Russia, 690041
Research interests: statistical hydroacoustics, statistical modeling,
seismoacoustics, oceanology
Е-mail: yaroshchuk@poi.dvo.ru
ORCID: 0000-0002-3212-9752

Recommended citation: 

Samchenko A.N., Kosheleva A.V., Pivovarov A.A., Yaroshchuk I.O. IMPROVING ECHO SOUNDER DEPTH ACCURACY USING 
THERMOMETRIC DATA. UNDERWATER INVESTIGATIONS AND ROBOTICS. 2026. № 3 (57). С.  68–75. DOI: 10.37102/1992-
4429_2026_57_03_08. EDN: JKQLWT.


