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Ph.D. Program in Bioengineering and 
Robotics 

 

Curriculum Marine Technologies 
 

Research themes 
 
1. MARINE ROBOTICS TEAM FOR AREA EXPLORATION AND MONITORING ..................................... 2 
2. MODELLING AND CONTROL OF HYBRID CABLE-THRUSTER ACTUATED ROVS .......................... 3 
3. OBSTACLE DETECTION, TRACKING AND AVOIDANCE IN MARITIME ENVIRONMENTS ................ 4 

 
The marine environment is very harsh, it poses severe constraints such as extremely 
limited communication bandwidths (e.g., acoustic), and it often involves large scale 
of operations. The goal of the Marine Technologies curriculum is to develop key 
methodologies and technologies tailored for such a demanding environment. Marine 
robotics is certainly one of such key technologies, and indeed there is rising trend in 
the adoption of autonomous marine (surface and underwater) vehicles. The 
applications of such systems range from innovative types of area exploration, such 
as autonomous geophysical and geotechnical multi-sensor exploration and deep sea 
exploration, to water quality monitoring (e.g., to detect illegal release of 
contaminants) and disaster prevention or limitation (e.g., oil spills); to (semi-) 
autonomous manipulation for the maintenance of off-shore infrastructures (e.g., not 
only oil wells, but also wind farms), and many others. The focus of the curriculum is 
thus both on methodologies (e.g. robot navigation, guidance, and control, multi-
robot cooperation, manipulation) and technologies (e.g., new robotic prototypes, 
sensors) that explicitly tackle the fundamental constraints and limitations that such 
systems need to deal with by operating in the marine environment. Due to the 
distinctive difficulties of the marine environment, the research should not only be 
based on sound methodologies, but also robust and possibly experimentally 
verifiable and tested. 

The themes offered in this intake are supported by the Department of Informatics, 
Bioengineering, Robotics and System Engineering, University of Genoa, and by the 
Interuniversity Research Centre of Integrated Systems for the Marine Environment. 

The ideal candidates are students with a higher-level university degree, with a strong 
desire for designing and developing robot systems and technologies able to have a 
huge impact on the society in the upcoming future. 
 
International applications are encouraged and will receive logistic support with 
visa issues, relocation, etc. 
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1. Marine robotics team for area exploration and monitoring 
Tutor: Giovanni Indiveri 
Co-Tutors: Enrico Simetti 
 
Department:  
Department of Informatics, Bioengineering, Robotics and Systems Engineering, 
University of Genoa 
Web: www.dibris.unige.it 
 
The Ph.D. proposal is offered jointly with the Interuniversity Centre of Integrated 
Systems for the Marine Environment (ISME). 
Web: www.isme.unige.it 
 
Description:  
Systems composed by heterogeneous robotic platforms are increasingly studied for 
their use in the marine environment. For example, they can be used for water 
monitoring applications, where the goal is the sampling of a physical field of interest 
(e.g., salinity and temperature, water quality), or for geotechnical exploration, where 
the goal is the reconstruction of the geotechnical ground model. The robotic team 
can be composed of underwater vehicles (carrying the sensors, e.g. water quality 
sensors or hydrophones for seismic acquisition), surface vehicles (typically with a 
support role, for example for the localization of underwater vehicles), and 
sometimes aerial vehicles (for example to act as a wireless extension bridge). 

In the above reference scenarios, different research challenges emerge, including 
low-level control strategies, reliable navigation and guidance in real-world 
conditions, limited communication ranges and bandwidths and coordination and 
distributed task allocation and monitoring.  

Within this Ph.D. proposal, we want to investigate the problem focusing on two main 
aspects. The first deals with how with motion planning of the team (or the single 
vehicle), including strategies to maximise the information gained based on pre-
existing models (model-driven) or just on the data currently acquired (data-driven 
[1]). Such strategies might need to take into account also other goals such as 
maintaining the localization error bounded to correctly geolocalize the data. The 
second aspect is the high-level coordination between the heterogeneous platforms, 
to exploit efficiently the different platforms capabilities (e.g., when to schedule an 
aerial vehicle to take off to provide extended wireless range, or when to schedule an 
underwater vehicle to resurface for GPS fix).  

Requirements:  Very good knowledge of Matlab and C++ is required. 

References:  

[1] Munafò, A., Simetti, E., Turetta, A., Caiti, A., & Casalino, G. (2011). Autonomous 
underwater vehicle teams for adaptive ocean sampling: a data-driven approach. Ocean 
Dynamics, 61(11), 1981-1994. 

Contacts:  giovanni.indiveri@unige.it  and  enrico.simetti@unige.it  
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2. Modelling and control of hybrid cable-thruster actuated ROVs  
Tutor: Enrico Simetti 
Co-Tutors: Giovanni Indiveri 
 
Department:  
Department of Informatics, Bioengineering, Robotics and Systems Engineering, 
University of Genoa 
Web: www.dibris.unige.it 
 
The Ph.D. proposal is offered jointly with the Interuniversity Centre of Integrated 
Systems for the Marine Environment (ISME). 
Web: www.isme.unige.it 
 
Description:  
The capability to keep a steady positioning as well as to lift and deploy (heavy) 
payloads are both essential in many applications of Remotely Operated Vehicles 
(ROVs) in the marine construction and hydraulic engineering sectors. However, 
these capabilities are often limited by the available on-board vehicle propulsion 
power.  
To overcome these limitations, the novel concept of a hybrid cable-thruster 
actuated ROV has emerged recently. The use of cable actuation can significantly 
increase the payload handling capabilities of ROVs, provide additional supports 
to resist strong currents, and enable more precise positioning. 
 
Within this Ph.D. proposal, we want to investigate the problem focusing on two main 
aspects. The first deals with the low-level control, as the hybrid cable-thruster driven 
ROV is an overactuated system. Hence, the allocation of forces to the actuators 
needs to be optimized, taking into account reasonable cable and propeller models. 
Preliminary results on modelling of cable-thruster actuated ROVs can be found 
in [1].  
Second, the execution of tasks such as grabbing and moving armour stones, grouting 
them, should be implemented, to show the capabilities of the system. As the ROV 
can be teleoperated, an hybrid architecture for shared control can be implemented 
in terms of a task-priority architecture [2]. 
 
Requirements:  Very good knowledge of Matlab and C++ is required. 

References:  

[1]  El-Ghazaly, G., Gouttefarde, M., & Creuze, V. (2015, September). Hybrid cable-thruster 
actuated underwater vehicle-manipulator systems: A study on force capabilities. In 2015 
IEEE/RSJ International Conference on Intelligent Robots and Systems (IROS) (pp. 1672-
1678). IEEE. 

[2] Simetti,  E.,  Casalino,  G.,  Wanderlingh,  F.,  and Aicardi,  M. (2018a).  Task priority 
control of underwater intervention systems:  Theory and applications. Ocean 
Engineering, 164:40–54 
 

Contacts:  enrico.simetti@unige.it  and  giovanni.indiveri@unige.it     
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3. Obstacle detection, tracking and avoidance in maritime environments 
Tutor: Enrico Simetti 
Co-Tutors: Francesca Odone 
 
Department:  
Department of Informatics, Bioengineering, Robotics and Systems Engineering, 
University of Genoa 
Web: www.dibris.unige.it 
 
The Ph.D. proposal is offered jointly with the Interuniversity Centre of Integrated 
Systems for the Marine Environment (ISME). 
Web: www.isme.unige.it 
 
Description:  
Recently, there has been considerable interest in the development of unmanned 
surface vehicles (USVs) due to their increasing demand in various maritime 
applications. One of the main capabilities that unmanned vehicle must be endowed 
with is a robust, reliable, effective and real-time guidance, navigation, and control 
(GNC) system. The ability to detect, recognize and track different targets and 
obstacles in real-time is strongly required in order to reliably operate in the complex 
and dynamic marine environment, where environmental disturbances (winds, 
waves, and currents), sea fog, lighting conditions, and water reflection, have a great 
impact on the performance of the perception system. 
 
The goal of this Ph.D. proposal is twofold. On the one hand, research in multi-sensor 
detection and tracking is needed. Previous works have started lying down a possible 
detection and tracking pipeline based on camera and a LIDAR [1], using a state-of-
the-art object detection CNN (Convolutional neural network) YOLO [2]. Further 
improvements can be reached including a thermal camera and considering 
alternative GPU architectures such as nvidia Xavier or Google Coral. On the other 
hand, once the tracking is performed, the GNC of the vehicle should take this 
information into account to autonomously avoid the obstacle [3]. This proposal can 
exploit the ULISSE catamaran for the experimental validation [1]. 
 
Requirements:  Good programming skills (Matlab, Python or C++); Background 
knowledge in computer vision and machine learning. 

References:  

[1] Mina Sorial, Issa Mouawad, Enrico Simetti, Francesca Odone, Giuseppe Casalino, 
Towards a Real Time Obstacle Detection System for Unmanned Surface Vehicles, 
OCEANS 2019, Seattle 

[2] Joseph Redmon, Ali Farhadi: YOLOv3: An Incremental Improvement (and references 
therein) 

[3] Casalino, G., Turetta, A., & Simetti, E. (2009, May). A three-layered architecture for real 
time path planning and obstacle avoidance for surveillance USVs operating in harbour 
fields. In Oceans 2009-Europe (pp. 1-8). IEEE. 

 
Contacts:   enrico.simetti@unige.it  and  francesca.odone@unige.it  


