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I. Autonomous Systems 

• From mathematical point of view, an autonomous system is a 

system which does not explicitly depend on independent 

variables. 

• The advent of autonomous system appertains to the revolution 

of automation in industry and commerce.  



• Autonomous cars (unmanned ground vehicles) can sense 

their surroundings and navigate automatically without human 

input.  
 

II. Autonomous Vehicles 

• A fully Autonomous Ship (Surface Vessel) is a ship which can 

observe and sense its environment, navigate and maneuver 

autonomously without human intervention. 
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III. Autonomous Vessels 
Why Autonomy for Vessels? 

• Cost reduction of crew 

• Cost reduction due to decrease in the speed of voyages. 

• Reduced emissions. 

• Increased safety: currently more than 75% of maritime 

accidents are caused by human errors. 

• Increased cargo capacity. 
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III. Autonomous Vessels 
Advent of Autonomous Ships: When? 

• Fully autonomous ships are not going to appear over night.  

• Several companies have started investigating autonomous 

vessels. 

• Remotely controlled ships will appear in near future in 

maritime applications.  

• Rolls-Royce believe that they can test an autonomous 

unmanned ocean going ship by 2035. 

Rolls-Royce Marine 
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III. Autonomous Vessels 
Autonomous Ships: Challenges 

• What technologies are needed and what should be 

investigated/created so that autonomous ships can function robustly 

kilometres from shore?  

• How can an autonomous ship be made (at least) as safe as 

conventional ships? 

• What are the new risks with application of autonomous ships? 

• Considering the need for more advanced technologies on-board of 

these ships, what strategies/methodologies can be adopted to reduce 

production costs? 

• How to motivate ship owners or transport companies to invest in 

autonomous ship systems? 

• How should autonomous ships interact with each other and also with 

non-autonomous ones to avoid accidents and reach higher efficiency 

in carrying out different tasks? 

• What considerations should be taken into account so that the on-

board power and propulsion systems work properly in an autonomous 

vessels?  
 

These are key challenges of the TU Delft 

research lines aimed at creating smarter 

vessels.
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IV. Autonomous Vessels: from the Scientific Point of View 
What Mathematics Can Do in Our Favor? 

• Challenge: safe and robust operation. 

• To address this issue, several algorithms have been 

developed/adopted at TU Delft. One is Nonlinear Robust Tube-Based 

Model Predictive Control for ASVs.  
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IV. Autonomous Vessels: from the Scientific Point of View 

• Two MPC problems are solved; one for nominal system 

(without disturbances) and the other one for the real system 

(where disturbances are applied).   

• The simplest case example: 

Simulation Results: 
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IV. Autonomous Vessels: from the Scientific Point of View 
Toward the concept of self-learning autonomous vessels 

• Dynamical uncertainties within ships is a challenging problem. 

• One of the important uncertainties is within the propellers dynamics of 

ships.  

• We used Neural Networks and Adaptive Control schemes. 

• Objective: motion control of an autonomous vessel by real-time 

estimation of propellers dynamics: 

 

 



IV. Autonomous Vessels: from the Scientific Point of View 
Power and Propulsion Systems in Autonomous Vessels 

• What about on-board Power and Propulsion Systems? 

• There are several on-going projects at TU Delft such as 

ShipDrive and GasDrive. 
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IV. Autonomous Vessels: from the Scientific Point of View 
Power and Propulsion Systems in Autonomous Vessels 

• Efficiency in terms of fuel consumption is an important issue for autonomous vessels. 

Several algorithms have been addressed at TU Delft to increase the efficiency of ship 

power and propulsion systems such as Predictive On-Board Power Management 

algorithm.  

 

 

• Health monitoring and fault handling is also another critical challenge. In the context of 

ShipDrive project, we are investigating Fault-Detection and Isolation algorithms for the 

ship power and propulsion systems. 
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IV. Autonomous Vessels: from the Scientific Point of View  
Predictive On-Board Power Management algorithm 
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IV. Autonomous Vessels: From the Scientific Point of View 

Overview 
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IV. Benchmarks for Research on Autonomous 

Vessels 
 

• In order to study dynamical behaviour of autonomous vessels several 

benchmarks have been developed at TU Delft such as Delfia-1, Delfia-

1*, Seabax.  
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Why: 

• Complete a first essential step towards full autonomous ship. 

• Have the opportunity to take action in Real-Time; 

• Improve traffic management – Increase safety in port 

terminals – Minimize transport delay 

The Grey Seabax: 

a Remote Controlled Vessel (RCV) 
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• Remotely real-time interaction;  

• Collect information on the main parameters of the system and 

take decisions accordingly; 

• Provide control signals that will be managed autonomously 

on board; 

What do we want to achieve: 
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How: 

• Designing a robust communication infrastructure; 

• Sensors for feedback signals from the vessel (Sensor data 

fusion, self-localization, signal analysis and processing); 

• A real application based on the equations describing its 

motion. 

The Grey Seabax: 

19/38 



TITO NERI for Dynamic Positioning 

Experiments 
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Delfia:  
A Benchmark For Analyzing Collective Behavior 

Of Autonomous Vessels 
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Delfia:  
From Centralized to Distributed Control 
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“More autonomy on a lower level results in increased 

survivability” 



Roboat: 
Amsterdam Autonomous Boats 
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• Amsterdam Institute For 

Advanced Metropolitan 

Solutions (AMS) 

• MIT 

• TU Delft 

• WUT 

 

• A fleet of autonomous boats in Amsterdam’s canals, monitoring the environment, 

providing transportation and enabling self-assembling bridges and other urban 

infrastructures. 

• Roboat is the world’s first major research program on autonomous floating 

systems that focusses on moving people and goods, portable infrastructure and 

data gathering.  



The Amphibian:  
A Futuristic Vision To Explore New Transportation 

Routes 
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• Non-linearity in the mathematical equations; 

• Under actuated system; 

• Very low friction. 

Challenges: 



Thank You for Your Attention 
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