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AUTONOMOUS VESSEL PATH FOLLOWING
AND COLLISION AVOIDANCE

M. Farkhadov, A. Sorokin, I. Zhidomirov, S. Kerimov

In this paper we propose a method to solve the problem of autonomous vessel navigation in highly uncertain
conditions. The primary goal was to make the Reinforcement Learning agent to learn the policy allowing the
AV to follow a certain path while avoid collisions with any other objects. Maneuvering of AV in the proposed
conditions is the principal subject of this paper. Several scenarios were explored during the research with static
and dynamic objects. The agent was trained with model free off-policy algorithms. The training process was
divided in several parts where we were experimenting with meta-learning approach elements to achieve the

robustness of the agent behavior.

Keywords: path following, maneuvering, machine learning, reinforcement learning, model free, obstacle

avoidance.

References

1. EMSA Consolidated Annual Activity Report 2020, Ref. Ares
(2021)3908717 — 15/06/2021

2. Figueiredo J.M.P., Rejaili R.P.A. Deep Reinforcement Learning
Algorithms for Ship Navigation in Restricted Waters. Mecatrone. 2018.
Vol. 3, No. 1. P. 1.

3. Sawada R., Sato K., Majima T. Automatic ship collision avoidance
using deep reinforcement learning with LSTM in continuous action spaces.
Journal of Marine Science and Technology. 2021. Vol. 26, No. 1. P. 509—
524. https://doi.org/10.1007/s00773-020-00755-0

4. Zhu M., Skulstad R., Zhao L., Zhang H., Li G. MPC-based
path planning for ship avoidance under COLREGS. 2022. https://www.
researchgate.net/publication/365588516_MPC-based_path_planning_for
ship_collision_avoidance under COLREGS

5. Imazu H., Koyama T. The optimization of the criterion for collision
avoidance action. The Journal of Japan Institute of Navigation. 1985. Vol.
71. P. 123-130.

6. Kouzuki A., Hasegawa K. Automatic collision avoidance system
for ships using fuzzy control. Journal of the Kansai Society of Naval
Architects. 1987. Vol. 205. P. 1-10.

7. Stamenkovich M. An application of artificial neural networks for
autonomous ship navigation through a channel. IEEE PLANS 92 Position
Location and Navigation Symposium Record. Troy, MI, USA, 1992.
P. 346-352.

8. Xie S., Chu X., Zheng M., Liu Ch. A composite learning method
for multi-ship collision avoidance based on reinforcement learning and
inverse control. 2020. https://www.sciencedirect.com/science/article/abs/
pii/S0925231220309401

9. McGookin E.W., Murray-Smith D.J., Li Y., Fossen T.I. Ship
steering control system optimisation using genetic algorithms. Control Eng.
Pract. 2000. Vol. 8. P. 429-443. DOI: 10.1016/S0967-0661(99)00159-8

10. Fossen T.I. Handbook of Marine Craft Hydrodynamics and
Motion Control. John Wiley & Sons. 2011. 582 p.

11. Schulman J., Levine S., Moritz Ph., Jordan M.1., Abbeel P. Trust
Region Policy Optimization, arXiv.org > cs > arXiv:1502.05477

12. Schulman J., Wolski F., Dhariwal P., Radford A., Klimov O.
Proximal Policy Optimization Algorithms, arxiv.org/abs/1707.06347

13. Wang N., Su S.-F., Yin J., Zheng Z., Er M. J. Global asymptotic
model-free trajectory-independent tracking control of an uncertain
marine vehicle: an adaptive universe-based fuzzy control approach.
IEEE Trans Fuzzy Syst. 2017. Vol. 26. P. 1613-1625. DOI: 10.1109/
TFUZZ.2017.2737405

14. Singh A.J., Nguyen D.T., Kumar A., Lau H.C. Multiagent
decision making for maritime traffic management. 2019. https://ink.library.
smu.edu.sg/cgi/viewcontent.cgi?article=5890&context=sis_research

UNDERWATER INVESTIGATIONS AND ROBOTICS. 2024. No. 3 (49)

Information about the authors

FARHADOYV Mais, Doctor of Technical Sciences, Head of the
Laboratory of Ergatic Systems, Chief Researcher

V.A. Trapeznikov Institute of Management Problems of the Rus-
sian Academy of Sciences

Work address: 65, Trade Union Street, Moscow, 117997. Russia

Research Interests : theory, technologies of heterogeneous sys-
tems and service and control networks, models, algorithms and
technical means of controlling robotic complexes and networks,
fundamental problems of ergatic systems, multifunctional un-
derwater vehicles

E-mail: mais@ipu.ru. Phone: +7 925 507 8195

ORCID: https://orcid.org/0000-0002-7166-9567

Scopus AuthorId=57195741457. AuthorID: 205385

Web of Science ResearcherID: S-7814-2016

SOROKIN Andrey, applicant

V.A. Trapeznikov Institute of Management Problems of the Rus-
sian Academy of Sciences

Work address: Moscow, Russia

Research Interests Navigation and control in underwater and sur-
face space, machine learning, artificial intelligence.

E-mail: nasir84@mail.ru

ZHIDOMIROY lvan, applicant

V.A. Trapeznikov Institute of Management Problems of the Rus-
sian Academy of Sciences, VIB PAO

Work address: Moscow, Russia

Research Interests Navigation and control in underwater and sur-
face space, machine learning, radio and acoustic communica-
tion, unmanned vehicles

E-mail: enegazer@yandex.ru

ORCID: https://orcid.org/0000-0001-6791-2774

KERIMOY Server, engineer

V.A. Trapeznikov Institute of Management Problems of the Rus-
sian Academy of Sciences

Work address: Moscow, Russia

Research Interests control of unmanned vehicles, navigation and
control in underwater space, information and control models and
architectures.

E-mail: serverdevel@ya.ru

61



