
 

 

 

 

 

 

 

Editor: 

M. Mahmoudian

15th IFAC Conference 
on Control Applications 
in Marine Systems, 
Robotics, and Vehicles 
(CAMS 2024) 

IFAC PapersOnline Volume 58, Issue 20 

Blacksburg, Virginia, USA 
3-5 September 2024

ISBN: 979-8-3313-0924-4 



Printed from e-media with permission by: 

 

Curran Associates, Inc. 

57 Morehouse Lane 

Red Hook, NY  12571 

 

 
 

Some format issues inherent in the e-media version may also appear in this print version. 

 

 

To the extent permissible under applicable laws, no responsibility is assumed by the Owner, the Publisher 

or the Licensee for any injury and/or damage to persons or property as a result of any actual or alleged 

libelous statements, infringement of intellectual property or privacy rights, or products liability, whether 

resulting from negligence or otherwise, or from any use or operation of any ideas, instructions, procedures, 

products or methods contained in the material therein. 

 

The publication of an advertisement in the POD Edition does not constitute on the part of the Owner, the 

Publisher or the Licensee a guarantee or endorsement of the quality or value of the advertised products or 

services described therein or of any of the representations or the claims made by the advertisers with 

respect to such products or services. 

 

 

 

Copyright© (2024) by the authors 

Open access publication under the CC-BY-NC-ND License 

https://creativecommons.org/licenses/by-nc-nd/4.0/ 

All rights reserved. 

 

Printed with permission by Curran Associates, Inc. (2025) 

  

For permission requests, please contact the publisher, Elsevier Limited 

at the address below. 

  

Elsevier Limited 

The Boulevard, Langford Lane 

Kidlington 

Oxford  OX5 1GB  UK  

 

 

 

 

Additional copies of this publication are available from: 

 

Curran Associates, Inc. 

57 Morehouse Lane 

Red Hook, NY 12571 USA 

Phone:  845-758-0400 

Fax:      845-758-2633 

Email:   curran@proceedings.com 

Web:     www.proceedings.com 



TABLE OF CONTENTS 

 

Enhancing Line-Of-Sight Guidance to Improve Path Following for Marine Surface Vessels.............................. 1 

Øivind K. Kjerstad, Erlend M. Coates 

Combining Reinforcement Learning and in Situ Current Velocity Measurements for Efficient UUV 

Guidance ............................................................................................................................................................... 9 

Brian Greeley, Jeremy Brandman, Jeffrey Book, Charlie Barron, Colin Olson 

Reducing Controller Effort in a Deep Reinforcement Learning-Based Autopilot for an 

Underactuated ASV ............................................................................................................................................ 15 

Joel Jose, R. S. Sanjeev Kumar, Erlend M. Coates 

Deep Reinforcement Learning for Path-Following Control of an Autonomous Surface Vehicle 

Using Domain Randomization ........................................................................................................................... 21 

Tom Slawik, Bilal Wehbe, Leif Christensen, Frank Kirchner 

Spatiotemporal Elastic Bands for Motion Planning in Highly Dynamic Environments ..................................... 27 

Herman B. Amundsen, Marios Xanthidis, Martin Føre, Eleni Kelasidi 

Towards Autonomous Control System in Brazilian Navy's USV-Lab Using MOOS-IvP Framework ............... 35 

Douglas Silva De Lima, Pedro Augusto De Oliveira Carvalho, Eduardo Eiras De Carvalho, 

Eduardo Aoun Tannuri, André Ribeiro Breitinger 

Autonomous Marine Collision Avoidance with Sensor Fusion of AIS and Radar ............................................. 41 

Audun G. Hem, Edmund F. Brekke, Giorgio D. K. M. Kufoalor, Ivan H. Kingman 

Model Based Navigation for a Twin Thruster Autonomous Surface Catamaran ................................................ 47 

Francesco Wanderlingh, Enrico Simetti, Giovanni Indiveri 

Joint Sensor and Actuator Fault Diagnosis for Autonomous Ships .................................................................... 53 

Agus Hasan, Pierluigi Salvo Rossi 

Hydraulic Volumetric Soft Everting Vine Robot Steering Mechanism for Underwater Exploration ................. 59 

Danyaal Kaleel, Benoit Clement, Kaspar Althoefer 

Kinematic Task-Priority Path Following for Articulated Marine Vehicles ......................................................... 65 

Bjørn Kåre Sæbø, Kristin Y. Pettersen, Jan Tommy Gravdahl 

Experimental Study of a Preliminary Height Controller for a Small Autonomous Hydrofoil Craft ................... 73 

Heejip (Henry) Moon, Daniel J. Stilwell, Stefano Brizzolara 

Unifying the Generalized Jacobian Matrix and Prioritized Task Hierarchies, with Application to 

Free-Floating VMSs ........................................................................................................................................... 79 

Marianna Wrzos-Kaminska, Bjørn Kåre Sæbø, Kristin Y. Pettersen, Jan Tommy Gravdahl 

Low-Cost Sensor Technologies for Underwater Vehicle Navigation in Aquaculture Net Pens .......................... 87 

Bent O. A. Haugaløkken, Oscar Nissen, Martin B. Skaldebø, Sveinung J. Ohrem, Eleni 

Kelasidi 

Towards Online Data-Driven Discovery of Autonomous Ship Models for Digital Twins ................................. 95 

Agus Hasan, Erlend M. Coates 

Torque Reconstruction for Maritime Powertrains Using Trend Filtering ......................................................... 101 

Urho Hakonen, Mikael Manngård, Sampo Laine, Raine Viitala 



Performance of Ship Navigation Wave Filters with Low Encounter Frequency in Following Seas ................ 107 

Simen T. Roang, Thor I. Fossen, Tor A. Johansen 

Kinodynamic Motion Planning for a System with Squid Dynamics ................................................................. 115 

Logan E. Beaver, Cong Wei, Wei-Kuo Yen 

Gliding in Extreme Waters: Dynamic Modeling and Nonlinear Control of an Agile Underwater 

Glider ................................................................................................................................................................ 121 

Hanzhi Yang, Nina Mahmoudian 

Time-Optimal Rendezvous for Cooperative UUV Swarms Using Hamilton-Jacobi Partial 

Differential Equations....................................................................................................................................... 127 

Jeremy Brandman, Colin Olson 

Path Planning for a Cooperative Navigation Aid Vehicle to Assist Multiple Agents Sequentially ................... 133 

Artur Wolek 

Centralized Underwater Cooperative Transport with Safety Constraints ......................................................... 139 

Markus H. Iversflaten, Henrik Schmidt-Didlaukies, Jan Tommy Gravdahl, Kristin Y. Pettersen 

COLSim, a Simulator for Hybrid Navigation Acceptability and Safety ........................................................... 147 

Benoit Clement, Thomas Chaffre, Pouria Sarhadi, Marie Dubromel 

Cooperative Control of Teams of Catamaran Surface Vessels with Noisy Dynamics ...................................... 153 

Violet Mwaffo 

Heterogeneous Multi-Robot (UAV-USV-AUV) Collaborative Exploration with Energy 

Replenishment .................................................................................................................................................. 159 

Li-Fan Wu, Mo Rastgaar, Nina Mahmoudian 

Visual and Hydrodynamic Feedback Control of a Robotic Fish for Inline Swimming .................................... 165 

Wei-Kuo Yen, Kruti Bhingradiya, Tony Regli, Derek A. Paley 

Hybrid Cable Thruster Actuated Remotely Operated Underwater Vehicle ...................................................... 171 

Youssef Attia, Enrico Simetti, Marc Gouttefarde 

Virtual-Target Based Path-Following in the 3D Underwater Environment ...................................................... 177 

Marco Bibuli 

Path Following Model Predictive Control of a Coupled Autonomous Underwater Vehicle ............................. 183 

Isah A. Jimoh, Hong Yue 

Adaptive Control of a Two-Zone Model of Electric Ship Power Electronics Power Distribution 

System .............................................................................................................................................................. 189 

Zahrasadat Alavi, John J. Zenor, Kurtis B Kredo II, Hadil H Mustafa, Roy E Crosbie 

Application of Modified Model Reference Adaptive Controller and Observer (MRACO) for Speed 

Control of an Unmanned Underwater Vehicle .................................................................................................. 196 

Sveinung Johan Ohrem, Bent Oddvar Arnesen Haugaløkken, Christian Holden 

Adaptive and Robust Direct Data-Driven Controller for Surface Vessel Navigation ....................................... 203 

Luka Mandic, Ðula Nad, Nikola Miškovic 

Autopilot System for Depth and Pitch Control in Underwater Vehicles: Navigating Near-Surface 

Waves and Disturbances ................................................................................................................................... 209 

Vladimir Petrov, Gage Maclin, Venanzio Cichella 



Object Manipulation in Marine Environments Using Reinforcement Learning ............................................... 215 

Ahmed Nader, Muhayy Ud Din, Mughni Irfan, Irfan Hussain 

Uncertainty-Aware Decision Making for Safe Navigation of Autonomous Ships ........................................... 223 

Peter Nicholas Hansen, Yaqub Aris Prabowo, Dimitrios Papageorgiou, Roberto Galeazzi 

Experimental Identification of Decoupled Ship Dynamic Models for an Autonomous Catamaran 

Urban Cargo Vessel .......................................................................................................................................... 229 

Yan-Yun Zhang, Jef Billet, Peter Slaets 

Uncertainty Aware Path Planning and Collision Avoidance for Marine Vehicles ............................................. 235 

Karim Ahmadi Dastgerdi, Bhawana Singh, Wasif Naeem, Nikolaos Athanasopoulos, Benoit 

Lecallard 

Advancing Sparse Classical Scene Flow into the Maritime Domain ............................................................... 241 

Nicholas Dalhaug, Trym Anthonsen Nygård, Annette Stahl, Rudolf Mester, Edmund Førland 

Brekke 

Model-Based Reinforcement Learning for Ship Path Following with Disturbances........................................ 247 

Zhengyang Dong, Linying Chen, Yamin Huang, Pengfei Chen, Junmin Mou 

Nonlinear Model Predictive Control for Sinusoidal Gait Tracking for an Underwater Snake Robot ............... 253 

Amer Orucevic, Eirik Lothe Foseid, Mads Erlend Bøe Lysø, Kristin Ytterstad Pettersen, Jan 

Tommy Gravdahl 

Surface Contour Following by an Underwater Vehicle with Integral Action ................................................... 259 

Ian Willebeek-Lemair, Curtis Grant, William Lambert, Stefano Brizzolara, Craig A. Woolsey 

Nonlinear PID Control for Automatic Docking of a Large Container Ship in Confined Waters 

Under the Influence of Wind and Currents ....................................................................................................... 265 

Simon J. N. Lexau, Anastasios M. Lekkas, Morten Breivik 

A Comparative Study of Control Laws for a Maritime Surface Vessel Tracking an Underwater 

Vehicle .............................................................................................................................................................. 273 

Aksel Trentemøller Frafjord, Ivar Bjørgo Saksvik, Øivind Kåre Kjerstad, Erlend M. Coates 

PID-Fixed Time Sliding Mode Control for Trajectory Tracking of AUVs Under Disturbance ........................ 281 

Jack Close, Mien Van, Stephen McIlvanna 

Learning-Based Integrated Cooperative Motion Planning and Control of Multi-AUVs .................................. 287 

Behnaz Hadi, Alireza Khosravi, Pouria Sarhadi, Benoit Clement, Ali Memarzadeh 

Active Pose - Autonomous Hole-Filling Techniques for 3D Surface Reconstruction in Underwater 

Exploration ....................................................................................................................................................... 293 

Mauhing Yip, Christian Schellewald, Timmy Gambin, Annette Stahl 

Automation at Sea and Human Factors ............................................................................................................ 301 

Linda Grosser, Chelsea Wilkinson, Michelle Oppert, Siobhan Banks, Benoit Clement 

Batch Estimation of a Steady, Uniform, Flow-Field from Ground Velocity and Heading 

Measurements ................................................................................................................................................... 307 

Artur Wolek, James McMahon 

Mouth Opening Frequency of Salmon from Underwater Video Exploiting Computer Vision ......................... 313 

Christian Schellewald, Aya Saad, Annette Stahl 



Who Performs Better? A Comparison Between Backstepping and Model Predictive Control for 

Ship Trajectory Tracking .................................................................................................................................. 319 

Qianqian Qiu, Linying Chen, Pengfei Chen, Yamin Huang, Junmin Mou 

Research on ASV/ROV Cooperative System with AI for Seagrass Distribution Survey ................................. 325 

Ikuo Yamamoto, Akihiro Morinaga, Taishi Oshino, Kyohei Kinoshita, Yasunori Izumi 

Autonomously Docking a Feeder Vessel; an Experimental Validation............................................................. 329 

Bas. J. De Kruif 

A POMDP Model-Based Online Risk Mitigation Method for Autonomous Inland Vessels ............................ 335 

Abhishek Dhyani, Yunjia Wang, Mathias Verbeke, Davy Pissoort, Vasso Reppa 

Good Seamanship Score Quantification in Complex and Congested Waterways ............................................ 341 

Yaqub A. Prabowo, Peter N. Hansen, Dimitrios Papageorgiou, Roberto Galeazzi 

Power-Based Safety Constraint for Redundant Robotic Manipulators ............................................................. 347 

Erling Tveter, Kristin Y. Pettersen, Jan Tommy Gravdahl 

Learning Optimal Guidance Schemes with Safety Guarantees for Underactuated Marine Vehicles ................ 354 

Eirik L. Foseid, Erlend A. Basso, Henrik M. Schmidt-Didlaukies, Mathias Marley, Jan Tommy 

Gravdahl 

Energy-Shaping Control for Swimming in Underwater Snake Robots ............................................................ 360 

Mads Erlend Bøe Lysø, Kristin Ytterstad Pettersen, Jan Tommy Gravdahl 

MPC Path Following with Macroscopic Shape Adjustment for AIAUVs ........................................................ 368 

Ivan Gushkov, Kristin Y. Pettersen, Jan Tommy Gravdahl 

Maneuvering-Based Dynamic Thrust Allocation for Fully-Actuated Vessels .................................................. 374 

Emir Cem Gezer, Roger Skjetne 

Exploiting Fano Resonance in Wave Energy Systems ..................................................................................... 380 

Andrei M. Ermakov, Jack L. Rose-Butcher, Yury A. Stepanyants, John V. Ringwood 

Accelerated MPC for Wave Energy Converters, Using Duality Techniques .................................................... 386 

J. T. Scruggs, M. G. Veurink, C. H. Ligeikis 

Nonlinear Control Design for a Spherical Wave Energy Converter ................................................................. 392 

Habeebullah Abdulkadir, Ossama Abdelkhalik, Mohamed A. Shabara 

Constrained Pseudo-PI Linear Control of a Wave Energy Converter Via Model Predictive Control ............... 398 

Tanvir Alam Shifat, Ryan Coe, Giorgio Bacelli, Ted K. A. Brekken 

Fuzzy Logic Control of Wave Energy Converters ............................................................................................ 404 

Mohamed A. Shabara, Jeff Grasberger, Ossama Abdelkhalik, Nathan Tom 

Experimental Validation of an Intent-Inference-based Ship Collision Avoidance Algorithm .......................... 410 

Jinwook Park, Jiyong Choi, Jinwhan Kim, Jeonghong Park, Dongjin Yeo 

A Conceptual Approach to Harbor Object Detection: The Potential of 3D-LiDAR-based Sensor 

Fusion for High Precision ENC ........................................................................................................................ 415 

Fynn Pieper, Axel Hahn 

Vision-Driven UAV River Following: Benchmarking with Safe Reinforcement Learning .............................. 421 

Zihan Wang, Nina Mahmoudian 



Safeguarding Autonomous Surface Vessels Against Cyber-Attacks on Sensor Systems.................................. 428 

Ivan Kuncara, Augie Widyotriatmo, Agus Hasan 

Analysis of LiDAR-Camera Fusion for Marine Situational Awareness with Emphasis on Cluster 

Selection in Camera Frustum ........................................................................................................................... 434 

Juraj Obradovic, Matej Fabijanic, Matko Batoš, Nikola Miškovic 

Force-Limited Control of Wave Energy Converters Using a Describing Function Linearization .................... 440 

Rebecca McCabe, Maha N. Haji 

Co-Design of a Wave Energy Converter for Autonomous Power .................................................................... 446 

Ryan G. Coe, Michael C. Devin, Carlos A. Michelén Ströfer, Jantzen Lee, Brek Meuris 

Robust Power Peak Seeking Control of Hydrokinetic Turbines ....................................................................... 452 

Kartik Naik, Henry Valachovic, Jing Sun 

Waves Filtering in Heading Controllers: Impact on the Power Production of an Energy Ship ........................ 458 

Giovanni Juin-Gauthier, Aurélien Babarit, Baptiste Elie, Olivier Kermorgant, Vincent 

Frémont 

Underwater Vehicle Navigation Using Bearing Measurements from a Mobile Beacon ................................... 464 

Simon A. Hoff, Henrik M. Schmidt-Didlaukies, Erlend A. Basso, Damiano Varagnolo, Kristin 

Y. Pettersen 

A BlueROV2-Based Platform for Underwater Mapping Experiments ............................................................. 470 

Tudor Alinei-Poiana, David Rete, Davian Martinovici, Vicu-Mihalis Maer, Lucian Busoniu 

A Low-Cost 4K Video Streaming Underwater Observatory for Coastal Oceans ............................................. 476 

Giorgio Salvemini, Christopher Kaba, Alex Alcocer, Ivar Bjørgo Saksvik, Vahid Hassani 

A High-Fidelity Unity Simulator for ROV Pilot Training ................................................................................ 481 

Pierre Odin Holt Boniface, Håkon Teigland, Ivar Bjørgo Saksvik, Vahid Hassani 

Disturbance Observer Based Control for a Remotely Operated Vehicle .......................................................... 487 

A. Baldini, R. Felicetti, A. Freddi, A. Monteriù 

Adaptive Observer-Based Funnel Heading Control of Surface Vessels with Rudder Actuator 

Nonlinearity ...................................................................................................................................................... 493 

Reza Shahnazi, Adeleh Poursadegh, Martin Kurowski, Torsten Jeinsch 

Robust Interaction Using Generalized Super-Twisting Impedance Control ..................................................... 499 

Jan Inge Dyrhaug, Kristin Ytterstad Pettersen, Jan Tommy Gravdahl 

Author Index 

 




