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ABSTRACT

In accordance with the International Maritime Organization (IMO) regulations concerning
greenhouse gas emission reduction and the transition toward autonomous shipping,
developing a ship control system that integrates energy management efficiency with safety
is imperative. This research proposes a real-time framework on the MATLAB/Simulink
platform for the Ro-Pax vessel M/S Nils Holgersson. A comprehensive mathematical model
was developed, encompassing ship dynamics, a multi-engine propulsion system, and
environmental resistance utilizing simulated sensor data. Furthermore, an Application
Programming Interface (APIl) was integrated with a marine meteorological database to
retrieve real-time weather data for model training. This study applied Deep Reinforcement
Learning (DRL) via the Twin Delayed Deep Deterministic Policy Gradient (TD3) algorithm to
manage the main engines' load distribution and control the rudder angle. The primary
objectives were to minimize fuel consumption and enhance collision avoidance success
rates. Simulation results demonstrated that the proposed framework reduced total fuel
consumption by 1.592% (equivalent to 73.56 kg per voyage) along a 43-nautical-mile route
from Yachthafen Hohe Dine, Rostock, to Marina Baltica 1, Libeck, Germany. This efficiency
improvement consequently mitigated CO5 emissions by 226.71 kg per voyage. Additionally,
the system increased the collision avoidance success rate by 1.75% compared to
conventional control systems (improving from 93.71% to 95.46%). This was evaluated based
on the vessel's ability to maintain a safe distance and allocate adequate time margins for
evasive maneuvers. These outcomes clearly demonstrate the proposed framework's high
potential for commercial implementation, successfully achieving both safety and energy
efficiency targets simultaneously. This research provides a significant foundation for the
future development and advancement of autonomous marine vehicle control systems.

KEYWORDS: Autonomous Shipping, Deep Reinforcement Learning (DRL), TD3 Algorithm,

Energy Management, Collision Avoidance, Fuel Efficiency
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INPUT: Obstacle vessels data,
LiDAR & Radar specification OUTPUT: Rudder angle command (rad)

INPUT: Desired Trajectory, Ship

Hydrodynamic derivative coefficient
I OUTPUT: Current ship speed (mis)

A=Vt Path Planning & Traffic Obstacle Collision
# Ship’s Model Data i
OUTPUT:

OUTPUT: DCPA (m), TGPA (s), OUTPUT:

Distance (m), Relative bsaring

]

Current Position
INPUT:

Environmental
data

(lat. & long.) QUTPUT: X,Y position, Yaw rate (rad/s), Heading

(rad), cross-track arror (m), surge & sway speed

(), Obstacle Course (°) Collision risk (0.1) Deep Reinforcement Learning Unit

with TD3 algorithm
API Envi » Ship Resi: ’ Engine Systems '

QUTPUT:

(m/s), waypaint index (k), rudder angle (rad)

ouTPuT:
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* Speed (mis) and * Thrust Error (N}
Direction (%) of Wave, *  Load Engines (%) A
Wind, and Current, * Fuel Flow Rate (kgis)
* Sea temperature (°C) * Electrical Power ouput (N) 1o s ndex (0-100%)
* Significant wave height INPUT: Engine’s
(m) & Peak wave

period (s)
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1) ANNABLIZENTNALARINNILLIN W38 Brake Mean Effective Pressure (Pa) A4&3N13

27T
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d

A

Wa 7 fe wsedamawsn (Nm)

A a 3
v, @8 danenszuanguiv (m’)
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2) usibavasluans w3a Propeller Load Torque (Nm) @98un3

T;Oadzp‘KQ‘nz.DS (2)
A A , b 3
Wa p Ao ANURWILLUDEII (kg/m?)
L a Qs‘ ~ Q
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A v ] 6 o
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A ci a d'
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A A & A ) ) A ¥ 2
T @e Awhansaurtinmitauwitin (m?)
4 da awdsluslWdau
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4.3.3 WIIAIHNMIWBANEIINNTLUEN (Longitudinal Current Resistance)
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4.3.4 USIMUMBIwSaL (Calm Water Resistance)
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