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STUDY OF THE INFLUENCE
OF A TOWED REPEATER FLOAT
ON THE MOVEMENT OF AUV

V.V. Kostenko, 1.G. Mokeeva

The article proposes a computational and experimental method for assessing the motion parameters of
an autonomous unmanned underwater vehicle when towing a float along the surface, which provides radio
communication between the vehicle and a remote control post, as well as measuring the geographic coordinates
of the underwater tethered system. The methodology is based on the analysis of the dependence of the force
effects at the ends of the towing cable on the immersion depth and speed of the underwater vehicle with a
fixed length of the communication line with the float. To simulate the steady-state motion of the tethered system
“underwater vehicle — communication cable — float”, the ZONA application program was used, based on
numerical integration over the length of the equation of a flexible inextensible thread in a steady flow. Based
on the results of the simulation and in accordance with the dependence of the AUV’s hydrodynamic resistance
on the speed of movement, the requirements for the control actions of its propulsion and steering system were
determined. The calculation of the power consumed by the propulsion and steering system for the AUV’s steady
motion during towing of the float was carried out, based on the results of full-scale tests of the vehicle and
pool tests of its vertical thruster. The results of this calculation, carried out for the MMT-3500 AUV developed by
IMTP FEBRAS, made it possible to estimate the dependence of its autonomous operating time and range on the
speed of steady movement and the immersion depth of the vehicle for the selected length of the communication
cable with the repeater float. During the analysis of the results of the calculations, an assessment was made of
the speeds of economical movement of the tethered system “AUV — communication cable — float”, providing
it with maximum cruising ranges.

Keywords: underwater tethered system, AUV, communication cable, repeater float, flexible inextensible
line equation, propulsion and steering complex, power consumption for movement, economy speed, autonomy
of use, cruising range.

References

1. Unmanned Free Submersibles / Ageev M.D., Kasatkin B.A., Kise- 6. Inzartsev A., Kiselev L., Kostenko V., Matvienko Yu., Pavin A,

liov L.V, et al. L: Sudostroenie, 1981. 224 p. (In Russian).

2. Nicholson J.W., Healey A.J. The present state of autonomous un-
derwater vehicle (AUV) applications and technologies // Marine Technolo-
gy Society Journal. 2008. Vol. 42, No. 1. P. 44-51.

3. Autonomous underwater robots: systems and technology / M.D.
Ageev, L.V. Kiselev, Yu.V.Matvienko; Edited by M.D. Ageev / [Executive
Ed. L.V. Kiselev]; Institute of Marine Technology Problems. M.: Nauka,
2005. 398 p. (In Russian).

4. Inzarcev A.V., Matvienko Yu.V., Pavin A.M., Rylov N.I. Monitor-
ing morskogo dna s primeneniem tekhnologij intellektual’noj obrabotki
dannyh poiskovyh ustrojstv na bortu avtonomnogo neobitaemogo podvod-
nogo apparata [Seabed monitoring using intelligent data processing tech-
nologies from search devices on board an autonomous underwater vehicle].
Underwater investigation and robotics. 2005. Vol. 2, No. 20. P. 20-27. (in
Russia).

5. Matvienko Yu.V., Inzarcev A.V., Kiselev L.V., Shcherbatyuk A.F.
Perspektivy povysheniya effektivnosti avtonomnyh podvodnyh robotov
[Prospects for improving the efficiency of autonomous underwater robots]
// News of the Southern Federal University. Technical Sciences. 2016.
1(174). P. 123-141. (in Russia).

Shcherbatyuk A. Underwater robotic complexes: systems, technologies,
application. Ed. by L. Kiselev. FSB Institute of Problems of Marine Tech-
nologies FEB RAS: Vladivostok, 2018. 368 p. (In Russian).

7. Sanchez P.J.B., Papaelias M., Marquez F.P.G. Autonomous under-
water vehicles: Instrumentation and measurements // IEEE Instrumentation
& Measurement Magazine. 2020. 23(2). P. 105-114.

8. Borejko A.A., Konoplin A.Yu., Mihajlov D.N., Borovik A.L,
Kir’yanov A.V. Rezul’taty i perspektivy ispol’zovaniya ANPA v kom-
pleksnyh ekspedicionnyh issledovaniyah [Results and prospects of using
AUVs in complex expeditionary research]. Proceedings of the conference
“Advanced Control Systems and Problems”. 2022. P. 388-391. (in Russia).

9. Volodin A.N., Panasenko V.V., Horoshev V.A. Analiz i perspektivy
razvitiya avtonomnyh neobitaemyh podvodnyh apparatov [Analysis and
development prospects of autonomous unmanned underwater vehicles] //
Proceedings of the conference “Intelligent Systems, Control, and Mecha-
tronics. 2022. P. 198-204. (in Russia).

10. Shcherbatyuk A.F. Perspektivy ispol’zovaniya avtonomnoj pod-
vodnoj robototekhniki dlya monitoringa portovyh akvatorij [Prospects for
using autonomous underwater robotics for monitoring port waters]. Pro-

34 UNDERWATER INVESTIGATIONS AND ROBOTICS. 2026. No. 2 (56)



SYSTEMS, TECHNOLOGIES AND EXPERIMENTS

ceedings of the Conference on Management of Large-Scale Systems De-
velopment (MLSD’2023). 2023. 1055 (In Russia)..

11. Kostenko V.V., L’vov O.Yu. Kombinirovannaya sistema svyazi
i navigacii avtonomnogo podvodnogo robota s poplavkovym modulem
[Combined communication and navigation system for an autonomous un-
derwater robot with a float module] // Underwater investigation and robot-
ics. 2017. 1(23). P. 31-43. (in Russia).

12. Merkin D.R. Vvedenie v mekhaniku gibkoj niti [Introduction
to flexible filament mechanics] // Nauka Publ. Moskva, Russia, 1980. (in
Russia).

13. Kostenko V.V., Mokeeva I.G. Issledovanie harakteristik ustano-
vivshihsya rezhimov i dinamiki privyaznoj sistemy avtonomnogo podvod-
nogo robota s buksiruemym poverhnostnym modulem radiosvyazi [Study
of steady-state characteristics and dynamics of the tethered system of an
autonomous underwater robot with a towed surface radio communication

module] // Underwater investigation and robotics. 2020. 2(32). P. 34-41.
(in Russia).

14. Pantov E., Mahin N., Sheremetov B. Osnovy teorii dvizhenija
podvodnyh apparatov [Fundamentals of the theory of movement of un-
derwater vehicles] // Sudostroenie Publ. Leningrad, Russia. 1973. (in Rus-
sian).

15. Evstegneeva A.S. Ispol’zovanie komp’yuternoj programmy Ad-
vanced Grapher kak sredstvo realizacii principa naglyadnosti v processe
obucheniya matematike [Using the Advanced Grapher computer program
as a means of implementing the principle of visualization in the process
of teaching mathematics] // Young scientist. 2018. 2(188). P. 108-112. (in
Russia).

16. Kostenko V., Pryazhennikov P. Methodology for the Development
and Design of the AUV Propulsion System // 2025 International
Conference on Ocean Studies (ICOS). Vladivostok, Russian Federation,
2025.P. 011-017. DOI: 10.1109/ICOS67841.2025.11371639.

Information about the authors

KOSTENKO Vladimir V., Ph.D., leading researcher, head labo-
ratory of actuating devices and remote control system

Institute of Marine Technology Problems Far East Branch Russian
Academy of Sciences

Address: 5a, Sukhanov Str., Vladivostok, 690950

Scientific interests: Underwater robotics, motion control systems,
propulsion and steering systems, dynamic models, towed sys-
tems

Phone : +7 (984) 145-43-85

E-mail: kostenko@marine.febras.ru, kosten.ko@mail.ru

SPIN-kox: 2310-3141

ORCID: 0000-0002-3821-3787

Resercher ID: AAF-6399-2021

Scopus ID: 57189036440

MOKEEVA Irina G., senior researcher, laboratory of actuating
devices and remote control system

Institute of Marine Technology Problems Far East Branch Russian
Academy of Sciences

Address: 5a, Sukhanov Str., Vladivostok, 690950

Scientific interests: Underwater robotics, motion modeling of
AUV’s and ROV’s, optimization of propulsion and steering sys-
tems, underwater tethering systems

Phone: +7 (423) 243-24-16

E-mail: pq1205@rambler.ru

ORCID: 0000-0001-6217-6763




