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PANEL MEMBERS OVERVIEW 
 

MODERATOR 
 
Associate Professor Tay Chuan Beng 
Acting Cluster Director 
Programme Lead for the Future Ship and System Design R&D Programme 
Singapore Institute of Technology 

 
Assoc Prof Tay Chuan Beng is the Programme Lead for the Future 
Ship and System Design R&D Programme. He is currently a faculty 
member at Singapore Institute of Technology.  
 
Assoc Prof Tay has been actively involved in the electrification of 
harbour crafts, contributing as a member of the Enterprise 
Singapore (ESG) Industry Task Force on the electrification of 
harbour crafts and the Standard Working Group on Electric Harbour 
Crafts Charging System. 

 
 

PANELLISTS 
 
Dr Liza Chua 
Senior Engineer 
American Bureau of Shipping (ABS) 

 
Dr Liza Chua is a Senior Engineer at the American Bureau of 

Shipping (ABS) with expertise in maritime autonomous functions, 

virtual testing and the evolving regulatory landscape for maritime 

autonomy. Her work centres on advancing the safe and practical 

adoption of emerging technologies across the marine and offshore 

sectors, with a strong focus on verifying autonomous functions 

through virtual testing methods.  

 

She is also actively involved in industry efforts related to the IMO MASS Code, 

contributing to the alignment of regulation and technology to support the future of 

autonomous shipping.  
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Dr Nigel Koh 
Senior Director 
Technology Centre for Offshore and Marine, Singapore (TCOMS) 
 

Dr Nigel Koh is the Senior Director (Maritime System) at the 
Technology Centre for Offshore and Marine, Singapore (TCOMS), 
a position he has held since October 2025.  
 
Before joining TCOMS, Dr. Koh held senior positions at the 
Defence Science and Technology Agency (DSTA), Keppel 
Offshore & Marine Technology Centre, Keppel Singmarine, and 
Singapore Technologies Marine. 
 
He holds a Doctor of Philosophy in Marine Technology from 
Newcastle University, a Master of Science in Maritime Studies from 

Nanyang Technological University, and a Bachelor of Engineering with First Class 
Honours in Small Craft Technology from Newcastle University. Dr. Koh is a Fellow of the 
Royal Institution of Naval Architects. 
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practices. Ultimately, the findings are expected to accelerate the safe and effective 

deployment of autonomous navigation technologies and contribute to the global adoption 

of MASS. 
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Maritime Autonomy and its Impact on European Shipping 

 

Burmeister Hans-Christoph1, Koch Paul1, Constapel Manfred1 
1Fraunhofer CML, Germany 

 

Abstract: 

Maritime Autonomous Surface Ships (MASS) need to carry out collision-avoidance 

manoeuvres in accordance with the International Regulations for Preventing Collisions at 

Sea (COLREGs). This requires not only correct assessment of the COLREGs encounter 

situations and obligations, but also monitoring of the collision avoidance manoeuvres 

carried out - by the MASS but also by the surrounding vessels. Based on our previous 

work1 that introduced a rule-based system to assess COLREGs situations, this paper 

outlines a concept to assess whether vessels apply COLREGs-compliant manoeuvres or 

not. Each situation is represented as a set of annotations, where each set comprises 

different pieces of information about the situation. Transition between situation patterns 

occur due to manoeuvres or after passings. Situation patterns for overtaking, head-on, 

and crossing encounters situation patterns are linked and predictable for expected 

outcomes. By observing situations and their transitions, the system can classify 

manoeuvres as compliant, insufficient, or incorrect. The method preserves the 

transparency and traceability of symbolic rule-based reasoning while extending it into the 

temporal domain, enabling automated behavioural assessment suitable for MASS 

navigation systems, simulation studies, and large-scale AIS-based validation. To 

evaluate the approach, we employ a low-fidelity simulation tool that generates trajectories 

from a compact descriptive language. These trajectories allow controlled creation of 

compliant and non-compliant encounter scenarios, which are then fed into the 

assessment module to produce the corresponding sequences of annotation sets. This 

simulation-driven validation demonstrates how the developed framework can be applied 

to correct and incorrect manoeuvre patterns, providing an environment in which to 

systematically test the sensitivity and robustness of the presented assessment method. 

 

Reference: 

1. M. Constapel et al, On the implementation of a rule-based system to perform 
assessment of COLREGs onboard maritime autonomous surface ships, J. Phys.: 
Conf. Ser. 2311 012033, 2022. 
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PARALLEL SESSION 2: MARITIME ENERGY 
 

Opportunities and Challenges for Maritime Nuclear  
 

Bluck Michael1 

1Imperial College London, UK 

 

Abstract: 

Nuclear propulsion has a long history in the defence sector, providing extended at-sea 

operation in support of strategic military deployment. Driven by concerns over energy 

security and net-zero ambitions, the commercial maritime transport sector is looking to 

move away from conventional fossil fuel propulsion and nuclear is potentially a strong 

option. Recent developments in the form of small-modular reactors are potentially well 

aligned with this, yet we are some way from the selection of appropriate technologies, 

establishment of regulatory frameworks and the necessary international agreements in a 

global industrial sector. In this presentation, we will look at these opportunities and 

challenges for commercial maritime nuclear. 
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Assessing the Environmental Impacts of Alternative Fuels: A Fugitive 

Emission Study 

 

He Zhengxin1,2, Tan Shu Fen1*, Liu Ming1* 
1Maritime Energy and Sustainable Development Centre of Excellence, Nanyang Technological University, 

Singapore 
2School of Civil and Environmental Engineering, Nanyang Technological University, Singapore 

*Corresponding Author: Tan Shu Fen, Liu Ming 

 

Abstract: 

As maritime decarbonisation advances, alternative fuels such as methanol, ammonia, 

and hydrogen are being increasingly adopted. Existing studies have primarily focused on 

direct greenhouse gases from combustion, while overlooking fugitive emissions arising 

from fuel slip. These fuels are toxic in nature; a smaller amount will lead to significant 

environmental concerns. The importance of handling the vapour loss has been widely 

reported by maritime safety guidelines published by classification societies. Regulators 

have likewise recognised this gap; for example, the International Maritime Organization 

has explicitly included fugitive emissions for further development in the Life Cycle 

Greenhouse Gas Assessment Framework at the 83rd session of the Marine Environment 

Protection Committee. 

 

To address this gap, this paper systematically compares the environmental impacts of 

fugitive emissions from three alternative fuels: methanol, ammonia, and hydrogen on an 

equal energy basis, expressed per kilowatt-hour of engine output. We study the physical 

dispersion and atmospheric chemistry using numerical modelling to understand the 

formation of potential chemical species resulting from fugitive emissions into the 

atmosphere. Based on these results, we construct a time-resolved emission inventory 

and quantify the consequential environmental impacts, such as climate change, ozone 

formation, and toxicity for human health. Our preliminary results indicate that 

meteorological factors, such as wind speed and temperature, are important in 

determining the amount and dispersion of fugitive emissions across all fuels in this 

study. For methanol, aldehyde-dominated chains are the primary drivers of ozone-

related burdens. On the other hand, nitrous oxide formed from fugitive ammonia and 

hydrogen emissions is the primary contributor to the near-term climate impact. An in-

depth understanding of the dispersion, dilution, and degradation of fugitive emissions 

can provide critical considerations for alternative fuels adoption pathways. 

 

  



SMRC x MTEC/ICMASS Conference Proceedings 2026 

 

48 | P a g e  
 

Mitigation of Ammonia Leaks during Bunkering Operations using 

Water Curtains - A CFD Study 

 

Lau Yang Hao1, Venugopalan Raghavan1, Boppana Bharathi1, Chan Ronald1 Leong 

Jason1, Nguyen Vinh-Tan1 
1Institute of High Performance Computing, Agency for Science, Technology and Research, Singapore 

 

Abstract: 

Among alternative marine fuel candidates, ammonia is a promising carbon-free fuel for 

meeting   the IMO 2050 target to halve shipping greenhouse gas emissions. Recent trials 

of ammonia   transfer and bunkering in Singapore and elsewhere pave the way for the 

imminent adoption of ammonia to decarbonise the maritime and energy sectors. However, 

the high volatility, toxicity, and corrosiveness of ammonia present significant safety 

challenges. Accidental leaks due to various incidents, including hose disconnection and 

pipe ruptures, will result in the spread of hazardous ammonia vapour clouds in the air and 

plumes in the water. This may cause irreversible damage to nearby ships, infrastructure, 

human lives, and the environment. Effective mitigation strategies for ammonia leaks are 

therefore critical to ensure safe use of ammonia in   maritime applications.    

 

Among leak mitigation strategies, one of the most commonly considered approaches in   

industry is the use of water curtains, due to their low cost and widespread availability, as 

well as the high solubility of ammonia in water. Additionally, water curtains have been 

postulated in several studies to effectively reduce ammonia concentrations and limit the 

range of ammonia plumes. However, the effective deployment of water curtains to contain 

ammonia leaks during ship operations remains unclear. Field-testing curtains in realistic 

leak scenarios is expensive and dangerous. As such, we model the impact of water 

curtains on ammonia leaks during bunkering using CFD simulations, which can handle 

complex geometries and multi-directional flows.    

 

We selected one of the most credible scenarios in ammonia bunkering operations to study 

in this work. The simulated conditions include vessel designs, ammonia storage pressure 

and temperature, leak rates and durations, and environmental factors such as wind speed, 

temperature, humidity, and atmospheric stability. To model effects of water, the 

multiphase flow simulations incorporate ammonia-air-water interactions, including 

ammonia entrainment and absorption by water, as well as droplet dynamics. Water 

curtains are dispensed by high-pressure sprays with adjustable nozzle configurations and 

flow rates, for rapid response in   confined or inaccessible areas. Because the mitigation 

efficiency of water curtains has been suggested to vary with droplet size, density, 

discharge rate, and proximity to the leak source, we investigate the impact of these 
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Results show that an air curtain operating at moderate air velocity can effectively limit the 

ammonia cloud footprint, performing on par with or better than a water curtain, while 

avoiding excessive flushing associated with caustic runoff handling. The findings 

demonstrate the potential of air-based mitigation systems as viable alternatives for 

enhancing safety during ammonia bunkering and provide a basis for their integration into 

ship design and emergency response planning.   
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Two-Phase Ammonia Flowmeter Performance Verification System 

 

Dr. Ye Shaochun1 
1National Metrology Centre, Agency for Science, Technology and Research, Singapore 

 

Abstract: 

Ammonia is emerging as a key fuel for maritime decarbonisation. Mass Flow Meters are 

critical for the accurate fuel quantity measurement essential to reliable ammonia custody 

transfer, engine performance assessment, and regulatory compliance. However, their 

deployment is hindered by metrological challenges arising from the thermodynamic 

properties of ammonia, leading to pervasive presence of two-phase flow conditions. 

Addressing this gap, A*STAR National Metrology Centre has developed a high-fidelity 

two-phase ammonia flow system to verify flow meter performance. Employing a 

thermodynamic methodology rather than mechanical mixing, the facility generates a wide 

range of Gas Volume Fractions with measurement traceability anchored in the single-

phase domain. This infrastructure moves the industry from theoretical derating to 

empirical validation, enabling the robust instrumentation required for the safety, efficiency, 

and regulatory compliance of next-generation ships powered by ammonia. 
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Virtual Testing for MASS: A Comprehensive Review of Current 

Practices, Gaps, and Standardisation Needs 

 

Ten Yao Hua1, Qin Geng1, Woo Donghan1, Chun Dohyun1, Chua Liza1, Park Jinmo2, Liu 

Yisi3, Tota Gayatri Kumar3, Zhang Daniel3, Coutinho Savio4, Song Jaeyoung5, Nakamura 

Jun5, Kureta Rui5, Tanihara Keisuke5, Kakuta Ryo5, Zhao Liangbin6, Fu Xiuju6, Liang Hui7, 

Liu Yangyang7 
1American Bureau of Shipping, Singapore 
2Avikus Co. Ltd., Korea 
3Centre of Excellence in Maritime Safety, Singapore Polytechnic, Singapore 
4Singapore Maritime Academy, Singapore Polytechnic 
5Monohakobi Technology Institute Co. Ltd., Japan 
6Institute of High Performance Computing, Agency for Science, Technology and Research, Singapore 
7Technology Centre for Offshore and Marine, Singapore, Singapore 

 

Abstract: 

This paper presents a comprehensive literature review and landscape analysis of virtual 

testing for autonomous ship navigation and collision detection/collision avoidance 

(CDCA), with the objective of consolidating fragmented research and industrial practice 

into a structured overview that can inform future standards and certification frameworks 

for Maritime Autonomous Surface Ships (MASS). The review encompasses academic 

studies, regulatory and class-society publications, national and regional testbed activities, 

industrial developments and prototype testing initiatives, as well as early operational 

insights obtained from MASS simulators and sea trials.  

 

Methodologically, the study employs structured searches across scientific databases, 

regulatory documents, industrial white papers, trial reports, and vendor materials to map 

the current state of the art in testing of autonomous CDCA systems. The analysis covers 

the types of scenarios (baseline, region-specific, edge and near-miss), test procedures, 

performance metrics, pass/fail criteria, coverage requirements, existing IMO maneuver 

tests applicability and the practical approaches and validation strategies adopted by 

developers. The review highlights strong growth in scenario-based testing, digital twins, 

high-fidelity simulators, and human-in-the-loop arrangements, with increasing focus on 

safety and reliability indicators tailored to autonomous functions. At the same time, the 

review identifies critical gaps, including the limited standardisation of safety metrics and 

acceptance criteria, inconsistent handling of critical/near miss or other edge scenarios 

derived from real traffic data, and challenges in the translation of virtual testing evidence 

into regulatory or class approval pathways.  

 

Drawing from these observations, the paper outlines a high-level concept of an 

autonomous CDCA virtual testing framework. The paper highlights overarching elements 
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of the framework including consistent scenario development, clear evaluation metrics, 

harmonised safety and reliability indicators, and mechanisms for linking virtual testing 

outcomes to broader assurance pathways such as actual MASS trials, regulatory and 

class approvals, and crew training. The findings establish an important knowledge 

foundation and identify key areas from a maritime assurance perspective, motivating 

future efforts towards practical, standardised approaches to virtual testing of autonomous 

maritime systems. 
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Development of a Mathematical Manoeuvring Model toward 

Constructing a Safety Assessment Environment for MASS 

 

Ito Makoto1, Takashina Junshi1, Yasukawa Hironori2, Kitagawa Yasushi3 

1ClassNK, Japan 
2Hiroshima University, Japan  
3National Maritime Research Institute, Japan 

 

Abstract: 

Ensuring the safety of Maritime Autonomous Surface Ships (MASS) is an essential step 

toward their social implementation. It is particularly important to verify scenarios that 

cannot be tested on actual ships through prior simulation, because real-world trials often 

involve high costs, operational constraints, and potential safety risks that make 

comprehensive testing impractical. To address this challenge, this study proposes the 

development of a simplified mathematical model toward constructing a safety assessment 

environment for MASS. 

 

The aim of this study is to develop a simplified mathematical model for low-speed 

manoeuvring motion. Low-speed manoeuvring is particularly critical because operations 

in ports and confined waters demand precise control, which requires that the models used 

for verification accurately represent the complex dynamics involved. In this study, the 

manoeuvring model is constructed based on the concept of MMG (Manoeuvring 

Modelling Group) model, which adopts a modular structure to separately represent the 

forces acting on the hull, propeller, and rudder. In low-speed manoeuvring, hull 

hydrodynamic forces are highly non-linear and complex, requiring detailed modelling, 

while propeller and rudder operations during low-speed manoeuvres demand that the 

model be extended to cover all four quadrants of operation. To achieve simplification 

without sacrificing physical validity, this study employs a polynomial model incorporating 

cross-flow drag terms to approximate non-linear hull forces, extends propeller forces to 

four quadrants by modifying the thrust coefficient in the first quadrant, and adjusts rudder 

forces based on slip ratio. 

 

To validate the proposed model, this study conducts free-running tests specifically 

designed for low-speed manoeuvring. Such tests, particularly those involving thruster 

operations, are rarely reported, making this study a valuable contribution. The 

experiments to comprehensively cover combinations of thruster, rudder, and propeller 

operations are designed, which ensures that the model is evaluated under diverse 

conditions representative of port manoeuvres. Then the experimental results are 

compared with numerical simulations using the simplified model. The comparison shows 

good agreement, confirming that the model accurately reproduces the essential 
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characteristics of low-speed manoeuvring motion. This outcome indicates that the 

proposed approach is suitable for constructing safety assessment environments for 

MASS. 
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A Robust Simulation Framework for Verification and Validation of 

Autonomous Maritime Navigation 

 

Patil Mayur Shivaji1, Rathinam Sivakumar1, Sudharsan Nataraj1, Xing JiaChang1, Pagilla 

Prabhakar R.1, Saaiby Anthony S.2, Pan Keliang2, Kang Heonyong2, Ammula Veneela3, 

Tomdio Jude3, Wang Jin3  

1Department of Mechanical Engineering, Texas A&M University, College Station, TX, USA 
2Department of Ocean Engineering, Texas A&M University, College Station, TX, USA 
3American Bureau of Shipping, Spring, TX, USA 

 

Abstract: 

The maritime transportation sector is undergoing rapid technological transformation as 

global shipping activities continue to expand, and the availability of experienced seafarers 

declines. In response, Maritime Autonomous Surface Ships (MASS) are widely regarded 

as a viable solution to mitigate workforce shortages while improving navigational safety, 

operational efficiency and long-term cost effectiveness. Despite these anticipated 

benefits, MASS face several critical challenges that complicate their real-world 

deployment, particularly the need to operate reliably in adverse and unpredictable 

weather conditions. Extensive incident reports from the European Maritime Safety 

Agency (EMSA) between 2011 and 2024 indicate that over 60 percent of maritime 

accidents involve collisions, loss of control, groundings or contact events. Additionally, 

nearly 80 percent of grounding and contact incidents, along with approximately 70 percent 

of fatalities, are associated with severe weather conditions1. General cargo ships exhibit 

the highest vulnerability in such scenarios, followed by roll on/roll off ferries, bulk carriers 

and tankers2. These statistics highlight the need for rigorous testing and validation 

frameworks capable of evaluating MASS performance under realistic and unsafe 

conditions prior to large-scale deployment. 

 

To address these gaps, this work presents an enhanced virtual simulation framework that 

builds upon the existing platform jointly developed by Texas A&M University and the 

American Bureau of Shipping (ABS)3. The expanded framework integrates a detailed 

environmental modeling suite that captures a spectrum of adverse weather conditions, 

including fog, rain, wind and wave dynamics, all rendered with high physical fidelity. To 

support geographically realistic testing scenarios, the framework incorporates bathymetry 

and traffic data from major ports in the United States, notably the Port of Houston and the 

Port of Los Angeles. Furthermore, the simulator models how adverse weather degrades 

sensor performance and situational awareness, providing realistic representations of 

radar clutter, camera occlusion, reduced visibility and impaired perception capabilities. 

These enhancements enable examination of the complex interactions between 

environmental disturbances, vessel dynamics and autonomous navigation algorithms. 
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disseminated in ICMASS 2025). Early testing demonstrates that the safety shield 

effectively prevents hazardous intent during both precision maneuvers and transit 

operations, while retaining controllability and minimising operator workload. A structured 

experimental campaign with expert operators is planned for December 2025/January 

2026 to validate operational performance and indicate human-factor response under 

representative ROC conditions with remote steering. 

 

The presented approach contributes toward safe MASS operations in urban waterways 

by providing a continuous safety net during remote control. Ongoing work includes 

coupling the remote safety assistance with optimal fallback guidance and digital-twin-

based state estimation, which will be pursued as a complementary technical contribution 

for Fusion 2026. 
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Visual Rule-Guided Deep Reinforcement Learning for Autonomous 

Ship Navigation in IALA-Regulated Port Environments 

 

Lin Yuqing1, Kim Youngrong1 
1School of Civil and Environmental Engineering, Nanyang Technological University, Singapore  

 

Abstract: 

Safe and efficient autonomous navigation of Unmanned Surface Vehicles (USVs) in port 

environments is aimed at increasing operational efficiency and mitigating risks associated 

with human error. However, these operations are fundamentally constrained by high 

traffic density, complex multi-vessel interactions, and the strict requirement to comply with 

navigation regulations such as the International Regulations for Preventing Collisions at 

Sea (COLREGs) and International Association of Marine Aids to Navigation and 

Lighthouse Authorities (IALA) buoyage systems. Existing deep reinforcement learning 

(DRL) approaches for maritime autonomy often rely on simplified sensor data and lack 

the capability to integrate perceptual cues from IALA buoys. This limitation hinders the 

development of agents that can learn rule-consistent behaviors directly from vision. This 

creates a significant gap for safe, reliable, and verifiable deployment in regulated maritime 

waters. 

 

To address this gap, this study proposes Visual Rule-Guided Deep Reinforcement 

Learning (VRG-DRL), a framework that integrates visual perception of IALA buoy colours 

with shared-policy multi-agent decision policies. The framework utilizes a Convolutional 

Neural Network (CNN) encoder to extract IALA (Region A/B) colour semantics from 

camera imagery. These visual features are fused with vector-based observations and 

processed within a shared-policy Proximal Policy Optimization (PPO) architecture. This 

multi-agent approach is trained jointly with COLREGs-compliant fixed-route Autonomous 

Surface Vessels (ASVs) to ensure robust decisions in dynamic traffic scenarios. 

 

To validate cross-port generalisation and regulatory robustness, three container port 

simulation environments are constructed: Singapore (IALA Region A), Los Angeles 

(Region B), and Rotterdam (Region A). These environments feature distinct buoyage 

layouts, traffic densities, and IALA rule variations. These environments provide a rigorous 

benchmark. Extensive experiments demonstrate that VRG-DRL enables USVs to 

execute safe, rule-compliant, and goal-directed navigation and avoid collisions with 

dynamic ASVs. The results indicate that the shared-policy PPO improves training stability 

and policy transferability across heterogeneous port scenes. 

 

This study presents a DRL framework that successfully integrates visual-semantic 

perception of IALA rules with multi-agent learning. The findings demonstrate the feasibility 
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to train agents to navigate based on regulatory markers, not just abstract waypoints. This 

approach produces auditable, rule-consistent behaviors that provide a direct technical 

basis for certification, an important step for practical deployment. Future work will focus 

on the transfer of these policies from simulation to real-world USVs and will address more 

complex conditions. This research will serve as a foundational component for the 

development of robust decision support systems and, ultimately, the phased autonomy 

of larger commercial vessels. 
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A Web-Based Virtual Test Environment for Autonomous Navigation 

Systems Validation 

 

Liu Daniel1 

1Technology Centre for Offshore and Marine, Singapore 

 

Abstract: 

Testing Autonomous Navigation Systems (ANS) in high-traffic port waters requires a 

platform capable of organising encounter scenarios, replaying vessel behavior & 

responses in dynamic maritime environments, interfacing with external decision-making 

modules, and supporting structured performance evaluation. This paper presents the 

architecture of a web-based Virtual Test Environment (VTE) developed for ANS testing 

in the Singapore Strait, one of the world's busiest waterways. The contribution is not a 

new collision-avoidance algorithm, but an extensible platform architecture that integrates 

browser-based visualisation, AIS-driven scenario management, backend vessel 

maneuverability simulation engine, and reporting workflows into an integrated test 

environment. The system adopts a modular layered design that separates operator 

interaction, application services, data persistence, and external ANS integration, enabling 

future incorporation of risk assessment, COLREGs compliance checking, and higher-

fidelity vessel models. 
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PARALLEL SESSION 4: MARITIME 
CYBERSECURITY  
 

Resilient Maritime Localisation Using 5G Non-Terrestrial Networks 
Against GNSS Spoofing and Jamming 
 

Ma Yugang1, Chin Francois Po Shin1 and Sun Hongbo1  
1Agency for Science, Technology and Research, Institute for Infocomm Research, Singapore 

 

Abstract: 

Autonomous and smart vessels depend on accurate and resilient positioning to ensure 

safe navigation and berthing. However, Global Navigation Satellite Systems (GNSS) are 

highly susceptible to spoofing and jamming, leading to degraded or deceptive positioning 

information that can endanger maritime operations. To address this vulnerability, 5G Non-

Terrestrial Networks (NTNs) have emerged as a complementary infrastructure that 

integrates low-Earth-orbit (LEO) satellites into the 5G ecosystem to provide global 

coverage and an independent positioning source. Despite rapid progress in 3GPP 

standardisation, current 5G NTN positioning approaches typically yield only kilometer-

level accuracy when using single-satellite range with range and Doppler measurements,  

limiting their usefulness for maritime navigation. 

 

This paper proposes a deep-learning-enhanced single-satellite localisation framework 

that substantially improves 5G NTN positioning accuracy. The method outperforms the 

typical method with Round-Trip Time (RTT) and Doppler (range-rate) measurements and 

satellite beamforming features, all of which are available within the 3GPP NTN standard. 

An AI model, called deep learning super resolution (DLSR), is trained to learn and correct 

the residual nonlinear mapping between the existing and projected high system setting to 

reach higher measurement accuracy and resolution. This effectively compensate for 

measurement noises, especially sampling uncertainty, beam pointing error and channel 

impairments. 

 

The proposed algorithm achieves a localisation error below 29 m for 90% of the cases, 

with a root-mean-square error (RMSE) of 12 m using a single LEO satellite at an orbital  

altitude of 600 km. These results demonstrate that decameter-level vessel localisation is  

attainable even with a single 5G NTN satellite, making the method a viable GNSS-resilient  

solution for port and near-shore operations, where high reliability, accuracy, and security  

are essential for autonomous berthing and collision avoidance. 
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noise and natural traffic variability, thereby helping to limit alarm fatigue for human 

operators on the bridge or in the control room.  

 

Beyond its immediate application to NMEA 2000, the proposed methodology can be 

extended to other maritime and industrial communication protocols used in navigation, 

propulsion and cargo monitoring. By integrating probabilistic modelling, temporal 

dynamics and edge based deployment, this research contributes a proactive and adaptive 

cybersecurity mechanism that enhances situational awareness and supports continuous 

monitoring of vessel networks. Overall, the work represents a significant step towards 

more resilient MIoT architectures, providing ship operators, classification societies, 

system integrators and cybersecurity practitioners with a specialised tool to protect critical 

maritime systems against increasingly sophisticated DDoS or other threats.  
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sensor streams, and control actions can be recorded for replay and objective post-

exercise analysis.  
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Convention. It argues that although the SUA Convention offers a more suitable legal basis 

than traditional piracy rules for addressing cyber threats to autonomous shipping, further 

interpretative development and regulatory clarification are needed. The paper concludes 

by emphasising the importance of international cooperation and legal adaptation to 

ensure effective accountability for cyberattacks against ROCs in an increasingly digital 

maritime environment. 
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across the different networks such as 5G, Wi-Fi, satellite, or other links depending on the 

link quality. By monitoring the link quality continuously and switching paths proactively 

before disruptions occur, our framework ensures smooth handovers with minimal packet 

loss.  

 

By focusing on reliability and practical use cases rather than specific protocols, our 

approach provides a vendor-agnostic, software-based solution that can be run on diverse 

hardware such as routers, switches and various end devices that can be used on board 

the vessels. This allows the vessels to set up a resilient communication backbone using 

various different communication systems. 
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PARALLEL SESSION 5: SMART SHIPS 
 

From CONOPS to Approval: Regulatory and Commercial Pathways for 
Demonstrating Autonomous Inland Shipping between Terneuzen and 
Ghent 
 

Mørkid Odd Erik1  
1SINTEF Ocean AS, Norway 

 

Abstract: 

The transition to autonomous inland shipping in Europe requires not only technical 

maturity but also collaborative, transparent, and reproducible approval processes. This 

paper presents a structured approach to securing permits for an autonomous vessel 

demonstration on the cross-border waterway between Terneuzen (NL) and Ghent (BE), 

a milestone within the AUTOFLEX project. 

 

Rather than focusing solely on regulatory frameworks, we analyse both the legal 

requirements and the commercial acceptability of risk, recognising the interplay between 

hard governance (laws, decrees, administrative procedures) and soft governance 

(stakeholder trust, market readiness, and operational risk tolerance). The Flemish 

framework, based on Article 70 of the Scheepvaartdecreet, provides a model for testing 

autonomous systems under temporarily adapted legal conditions, while Dutch authorities 

emphasise risk acceptability in practice. 

 

To ensure balance and transparency, the paper integrates perspectives from authorities 

and stakeholders through targeted interviews, capturing their views on challenges in the 

approval process. Approval is structured around a Concept of Operations (ConOps) in 

accordance with IEEE 1362, complemented by a maritime adaptation of the Specific 

Operations Risk Assessment (SORA) method. Together with validation data, these 

elements form a Comprehensive Safety Portfolio (CSP) that supports both regulatory and 

commercial decision-making. 

 

The result is a blueprint for future pilot projects that bridges innovation, governance, and 

market viability, laying the foundation for sustainable deployment of autonomous inland 

vessels across Europe. 
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Agent-Based Multimodal Retrieval and Regulation Analysis for 

Automated Ship Design Compliance 

 

Huang Yi-Lun1, Weng Wei-Chu1 
1Department of Systems Engineering and Naval Architecture, National Taiwan Ocean University, Taiwan 

(R.O.C.) 

 

Abstract: 

With the advancement of artificial intelligence and digital-twin technologies, the demand 
for 3D assets and automated regulatory verification is increasing across intelligent 
manufacturing. However, current digital workflows still lack an integrated mechanism for 
processing engineering documents, multinational ship-classification rules, and design 
data, leaving ship-survey and design-review tasks predominantly manual, time-
consuming, and susceptible to regulatory misinterpretation. 
 
This research presents a ship-regulation management and semi-automated compliance-
review framework that integrates vision-language models with agent-based retrieval 
(Agent-RAG). The system employs YOLOv11 for layout interpretation and element 
segmentation, while the Qwen3-VL model family provides multimodal semantic 
understanding and relational extraction from scanned PDF regulations. Through this 
processing pipeline, unstructured rule documents are converted into a structured, 
machine-interpretable, and semantically searchable regulatory knowledge base. 
 
To support engineering applications, the framework incorporates semantic compression, 
hierarchical indexing, and adaptive retrieval to reduce token usage and enable secure 
on-premises long-document processing. Agent-based task planning further automates 
strategy selection, cross-society rule comparison, and traceable reasoning. The 
framework also provides a foundation for digital-twin applications, including automated 
drawing-to-regulation checks, structural compliance evaluation, and regulation-driven 
design workflows in shipbuilding and defense engineering.  
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Turku University of Applied Sciences Testbed for Resilient Uncrewed 

Surface Vessels 

 

Paavola Jarkko1   
1Turku University of Applied Sciences, Finland 

 

Abstract: 

Turku University of Applied Sciences is a hub for developing intelligent systems for 
autonomous operation in maritime domain. Turku archipelago provides unique and 
realistic conditions for experimentation and validation of autonomous systems. 
 
Our research infrastructure includes the test vessel eM/S Salama and a dedicated remote 
operations centre, enabling real-time monitoring and control over wireless communication 
links. A key focus area is resilient communications: ensuring reliable, secure, and low-
latency connectivity for autonomous and remotely operated systems in dynamic and 
harsh environments. This includes multi-link communication architectures, redundancy, 
adaptive networking, and robust operation under degraded or contested communication 
conditions. 
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types categorised systematically. This ensures systematic extraction of event attributes, 

causal factors, affected regions, and operational consequences.  

 

By bridging data silos and operationalising maritime disruption analytics, this work 

provides a practical and extensible AI-based architecture that transforms fragmented 

maritime and supply chain signals into actionable risk intelligence. MARKS enhances 

resilience planning, enables proactive cargo flow management, and supports the 

development of next-generation, risk-aware maritime supply chain digitalisation.  
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Integrating Agentic AI into Maritime Logistics: Towards Autonomous, 

Sustainable, and Resilient Port Ecosystems 

 

Chiara Saragani1*, Saurí Sergi1, Xiao Zhe2, Fu Xiuju2, Qin Zheng2, Garrido Javier3 
1CENIT, CIMNE (CERCA) - UPC Campus Nord, Spain  
2Institute of High Performance Computing, Agency for Science, Technology and Research, Singapore  
3Innovation Department, Port de Barcelona, Spain 

*Corresponding Author: Chiara Saragani 

 

Abstract: 

The maritime and port sectors are undergoing a profound digital transformation driven by 

the pursuit of greater efficiency, sustainability, and resilience. In this context, Agentic 

Artificial Intelligence (Agentic AI) has emerged as a promising paradigm that leverages 

multiple interconnected autonomous agents capable of collaborating, planning, and 

adapting dynamically to achieve complex goals with minimal human supervision. These 

systems integrate diverse data sources, stakeholders, and objectives into a coherent 

decision-making framework through reasoning, memory, and self-organisation.  

 

Despite its transformative potential, the application of Agentic AI in the maritime sector 

remains in its infancy, with limited research currently available. Agentic AI has the 

capacity to enhance efficiency, sustainability, and resilience in environments involving 

multiple actors, heterogeneous data, and interconnected processes typical of port 

operations. By autonomously integrating diverse data streams and optimising decisions 

across multiple objectives, Agentic AI presents significant opportunities to improve 

coordination, performance, and adaptability across the various services that define 

modern smart port systems. A holistic overview of these functional services is illustrated 

in Figure 1.  

 
Figure 1: A holistic view of functional services for a Smart Port 

 

This article aims to explore the potential benefits of Agentic AI for the maritime 31 domain 

and port logistics, as well as to outline the workflow system of the proposed 32 
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applications. Several use cases illustrate its applicability, including climate risk mitigation 

logistics and operations management, and the development of digital and green corridors 

that support energy-efficient routing and carbon monitoring. Additional applications are 

discussed in environmental management, such as energy optimisation, emission control, 

waste handling, and ecosystem protection, as well as in cybersecurity. An example of the 

proposed workflow is illustrated in Figure 2. 

 

 
Figure 2: Agentic AI workflow system for vessel arrival monitoring, considering port 

authorities and port service providers as end users. 

 

While Agentic AI can significantly improve the efficiency and sustainability of port 

operations, its implementation introduces complex challenges. These include technical 

integration, data governance, security, and financial considerations, which require 

collaborative approaches among all port stakeholders. The latter part of this study focuses 

on identifying these challenges and proposing strategies for their effective management 

to ensure a responsible and inclusive deployment of Agentic AI within the port and 

maritime ecosystem.  

 

The study demonstrates that although Agentic AI is a nascent field, it holds great promise 

for the logistics sector and, in particular, for ports, where diverse stakeholders combine 

multiple information sources and pursue varied objectives. By connecting current AI and 

automation applications across seaside, hinterland, and terminal areas, Agentic AI 

systems can achieve broader objectives and generate new value. 
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indicating how information is prioritised in practice and informing an improved default 
layout. Overall, the study addresses whether a user-customised GUI can lower mental 
workload, enhance situational awareness, and improve operational performance in 
teleoperated passenger vessel operations. The results are also expected to inform GUI 
design guidelines for maritime teleoperation and future MASS control centres. 
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The system aims to deliver actionable early alerts to support two types of interventions: 
(i) crew tightening of lashings in safe conditions and (ii) navigational adjustments during 
normal and adverse weather to mitigate rolling and instability risks.  
 
Ultimately, this project pioneers a practical, scalable, and safety-critical innovation for the 
maritime industry, advancing early detection, traceability, and compliance with the 
upcoming IMO container loss reporting mandate. By enabling proactive risk mitigation 
using existing vessel cameras, the solution strengthens cargo safety, enhances 
operational reliability, and contributes to the sustainability of global maritime transport.  
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Study on Emergency Collision Avoidance for Autonomous Ships 

 

Li Meng Xuan1, Weng Wei-Chu1 
1Department of Systems Engineering and Naval Architecture, National Taiwan Ocean University, Taiwan 

(R.O.C.) 

 

Abstract: 

With the advancement of technology, and in order to reduce maritime accidents caused 
by human error in vessel operations, countries around the world have begun to focus on 
the research and development of technologies related to Maritime Autonomous Surface 
Ships (MASS). Among these, the collision avoidance problem for autonomous ships is 
the most critical. However, this topic has been extensively discussed in numerous papers. 
Therefore, this study specifically investigates a special collision avoidance scenario: 
emergency collision avoidance. 
 
This research specifically adds an emergency collision avoidance function to an 
autonomous navigation system that has been under development for many years. This 
autonomous navigation system already possesses path navigation, collision avoidance, 
and free maneuvering capabilities. Specifically: the path navigation function guides the 
ship according to a pre-planned route; the collision avoidance function allows the ship to 
avoid other vessels at any time, with strategies including altering the course or reducing 
speed; and the free maneuvering function allows for autonomous control of the engine 
and rudder, either ahead or astern, to safely guide the vessel along the predetermined 
path or for collision avoidance. 
 
To verify the feasibility of the developed emergency collision avoidance function, the 
autonomous navigation system is associated with a ship motion simulation system. A 22-
meter long twin-screw yacht is selected for the tests. First, the existing collision avoidance 
function of the autonomous navigation system is tested, ranging from two-ship to multi-
ship avoidance scenarios. Subsequently, multiple multi-ship emergency collision 
avoidance scenarios are designed to challenge the newly added emergency collision 
avoidance function. Based on the test results, the decision-making of the emergency 
collision avoidance function allows the own ship to safely perform an emergency collision 
avoidance with the target vessels.  
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PARALLEL SESSION 9: CARGO OPTIMISATION 
 

The Pulse of Maritime AI: Recent Developments, Sector Implications, 
and Ongoing Research 
 

Angeloudis Panagiotis1  
1Imperial College London, UK 

 

Abstract: 

The lasting impact of AI in the maritime sector will not come from the models alone. It 

depends on the tooling, the orchestration, and the domain-specific engineering required 

to make AI reliable in safety-critical environments. 

 

Building on the overview of AI developments in the maritime sector presented at SMRC 

2025, this talk examines how the landscape has shifted over the last 12 months and 

where it is heading. Agentic AI workflows have reshaped development pipelines, giving 

rise to a growing ecosystem of software products that address regulatory compliance, 

voyage optimisation, and operational reporting. Maritime operations are governed by 

physical, regulatory, and operational logic that purely statistical models cannot fully 

capture, particularly in edge cases where the consequences of failure are highest. As the 

initial wave matures, this gap between data-driven methods and domain engineering 

presents both a challenge for industry and an opportunity for research that can credibly 

bridge the two. 

 

We examine where this convergence can happen and where academic contributions can 

be most consequential. Two areas are of particular relevance. The first concerns 

surrogate modelling techniques that approximate vessel-level physics at reduced 

computational cost, opening the possibility of fleet-scale modelling and scenario analysis 

that has historically been impractical. The second concerns simulation frameworks in 

which heterogeneous maritime entities, including vessels, port infrastructure, and 

regulatory mechanisms, are modelled as autonomous agents with embedded operational 

logic and physics-informed behaviour, moving beyond the simplified scheduling models 

that have characterised much of the agent-based literature. When extended to ship-port 

interaction and multi-modal logistics chains, such frameworks offer a complementary 

perspective to monitoring-oriented digital twin platforms by enabling forward-looking 

analysis that allows diverse stakeholders to explore operational trade-offs under 

uncertainty. 

 

We discuss how these approaches relate to fleet decarbonisation under evolving IMO 

regulatory targets, the coordination of autonomous and conventional vessels in mixed-
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traffic environments, and the optimisation of port call sequences in congested maritime 

hubs. We close by identifying directions that may warrant closer collaboration between 

academia, industry, and regulatory bodies. 
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Automated Cargo Allocation for Maritime Tankers: Hybrid Optimization 

and ML for Efficiency and Safety 

 

Tan Peng Hui1, Zhang Guoping1  
1Agency for Science, Technology and Research, Singapore 

 

Abstract: 

The maritime industry is increasingly pivoting toward digitalisation to eliminate human 

error and enhance marine asset performance. A critical component of fleet management 

is cargo optimisation, specifically for the complex domains of chemical and crude oil 

tankers. Current industry practices rely heavily on manual decision-making, where 

operators determine stowage based on experience and manually verify compliance using 

loadicators. This manual approach is prone to errors due to the complexity of stability 

requirements and offers no guarantee of optimal stowage plans, often resulting in sub-

optimal asset utilsation. 

 

This work presents an automated solution, the Auto Cargo Allocation (ACA) system, for 

generating cargo stowage plans and loading/discharging sequences. The proposed 

architecture integrates a Hybrid AI/Machine Learning module with rigorous Mathematical 

Modeling within a cohesive framework. The system utilises Machine Learning to generate 

initial stowage plans based on historical similarity, which are then refined by mathematical 

models acting as strict constraints. 

 

The optimisation framework employs a multi-objective approach designed to maximise 

cargo load and empty tanks while minimising ullage. To ensure operational safety and 

compliance, the model strictly adheres to complex constraints including cargo handling 

specifications like commingling rules, cargo history, adjacent temperature requirements, 

and USCG regulations. It simultaneously accounts for port restrictions such as maximum 

permissible draft and air draft. Additionally, the system rigorously enforces vessel stability 

mandates by maintaining positive trim, strictly controlling list limits, and ensuring that 

shearing forces and bending moments remain within 100% of their safety limits. The 

architecture further includes an Infeasibility Analyser to detect issues and automatically 

suggest fixes. Specifically for Very Large Crude Carriers (VLCCs), the system 

incorporates a Simulator Module to validate operations with precise valve sequence 

control before execution. 

 

The proposed system has achieved significant operational improvements. Research 

results indicate a reduction in planning time of up to 90% through automation and a 

20% increase in cargo loaded through resource optimisation. Additionally, the number 

of required tanks was minimised by up to 15%. Beyond theoretical application, this 
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system demonstrates substantial industrial impact. It has been commercially deployed 

on a fleet of 80 chemical tankers and 25 VLCCs. Future developments will explore new 

use cases in maritime applications to further advance fleet digitalisation.  
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Programmable 5G Network for Enabling Smart Port Operation 

 

Lee Gary1 
1Agency for Science, Technology and Research, Singapore 

 

Abstract: 

Digitalisation and automation are key trends in maritime port operations as the industry 

is moving towards smarter and greener future. In order to realise fully automated systems 

where yard cranes, autonomous guided vehicles (AGVs), and connected vessels are 

working in tight coordination, reliable wireless connectivity is essential to facilitate closed-

loop control orchestration. Traditionally, wireless network is viewed as just a simple bit-

pipes providing best efforts connectivity, which is insufficient to support autonomous port 

operations. However, with recent move towards cloudified 5G and increasing trend 

towards network API, wireless network is transformed into intelligent and programmable 

platform, providing opportunities to the developers and end users to exercise control and 

interact with the network based on their use cases and needs. This work presents how 

this is introduced into autonomous systems, the benefits it can bring, and the important 

considerations as it pertains to orchestration and optimising this new degree of control.  

 

We first outline where relevant network control, in the form of network API, resides in the 

architecture. Particularly, we introduce the notion of quality-on-demand (QoD), review 

recent proof-of-concepts on its use case, and show how it could potentially make a 

difference in port automation through some illustrative examples. We then extend and 

pose the problem statement when we start to scale to multiple systems and show that in 

the extreme case whereby all systems greedily request for QoD privileges, the gains can 

become diminishing. We then set up a centralised, global optimisation problem over time 

and space that motivates having coordinated ways to schedule systems calls for QoD 

privileges at different time that minimises collisions or flooding, hence leading to 

performance improvement. Our proposed scheduling approach is practical and 

lightweight. It aligns well with ongoing industrial transformation, network API exposure 

architectures, and current maritime digitalisation trends/needs. It demonstrates that open 

network APIs, paired with provable online control, provide a practical foundation for safe, 

efficient, and scalable smart-port operations.  

 

  





SMRC x MTEC/ICMASS Conference Proceedings 2026 

 

111 | P a g e  
 

optimisation (MAPPO). A shared actor network maps local observations to control actions, 

which makes the method scalable to fleets of different sizes. A centralised critic observes 

the global state during training and guides the emergence of cooperative behaviour. 

 

Experiments on synthetic port traffic derived from real arrival patterns show that the 

learned policy reduces fuel consumption while keeping delays and safety constraints 

under control. The policy adapts to changes in traffic density and environmental 

conditions without retraining. These results suggest that cooperative reinforcement 

learning, combined with data-driven fuel modelling, can support the development of smart 

ship operations for high-traffic hub ports such as Singapore, where coordinated and 

energy-aware arrival control is increasingly important. 
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PARALLEL SESSION 10: SMART SHIPS 
 

Construction Of HiLS Environment and Issues Organisation 
Corresponding Toward Certification Acquisition of Collision 
Avoidance System of Autonomous Ship 
 

Tanihara Keisuke1, Kureta Rui1, Nakamura Jun1 

1Monohakobi Technology Institute Co., Ltd., Japan 

 

Abstract: 

This study developed an evaluation and validation environment for the safety verification 
of autonomous vessel avoidance systems, considering cost-effectiveness and reliability 
improvements in system development. The environment comprises a Hardware-in-the-
Loop Simulation (HiLS) system and a scenario generation and evaluation system. 
Simulations using diverse scenarios based on guidelines from classification societies and 
government agencies were conducted across multiple avoidance systems, enabling 
comparison and assessment of avoidance performance and safety indicators. Simulation 
logs are stored in IEC61162-450 format, allowing for extensible analysis through the 
addition of evaluation metrics and re-calculation. However, real-time validation within the 
HiLS environment involving actual hardware was found to be time-consuming due to 
equipment constraints, making it challenging to balance scenario coverage and 
verification efficiency. Future efforts will focus on combining real-time validation with fast-
time verification using Simulation in the Loop Simulation (SiLS) and automated scenario 
generation during simulation, aiming to improve efficiency while maintaining 
comprehensive coverage. These advancements are expected to support autonomous 
vessel certification, international standard compliance, and the realisation of a cost-
effective validation environment during development. 
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extreme wind events, thereby supporting more resilient port operations in Singapore and 
similar coastal urban regions. 
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Navigating in Waves and Currents: Challenges for Ship 

Manoeuvrability and Autonomy 

 

Kudupudi Ravindra Babu1 

1Technology Centre for Offshore and Marine, Singapore 

 

Abstract: 

Ship manoeuvrability in real operating conditions is strongly influenced by environmental 
disturbances such as waves and currents. These effects introduce complex, time-varying 
loads that significantly affect trajectory, stability, and control performance, posing 
important challenges for autonomous navigation systems. This study investigates the 
impact of waves and current effects on ship manoeuvring behaviour using a physics-
based simulation framework that captures the interaction between hydrodynamic loads 
and vessel response. The formulation incorporates nonlinear manoeuvring forces derived 
from high-fidelity CFD simulations, enabling detailed representation of nonlinear 
hydrodynamic behaviour. Propulsion and resistance effects are included to represent 
realistic operating conditions. Simulation results demonstrate that environmental 
disturbances can lead to substantial trajectory deviations, increased turning radius, and 
degradation in path-following performance. In particular, steady currents induce 
persistent cross-track errors, while waves introduce oscillatory motions that affect 
heading stability and increase control effort. The implications of these effects on 
autonomous navigation are examined, highlighting the need for disturbance-aware 
control strategies to ensure accurate path tracking and safe operation. The findings 
emphasise the importance of incorporating environmental effects into manoeuvring 
analysis for next-generation maritime systems. 
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By demonstrating that DAS can reliably detect and distinguish anchor, thruster, and 

hydraulic system signatures, this study highlights its potential as a non-intrusive, 

continuous surveillance tool for maritime safety. The capability for event classification and 

characterisation of seabed activities is critical for early detection of anchor-drag or 

unauthorised seabed interference near critical subsea infrastructure, supporting proactive 

cable protection and situational awareness for maritime authorities.  

 

Current project utilises the dark fiber in the first span. Future research aims at expanding 

these capabilities over multiple repeaters and developing bright fibers with integrated 

communication and sensing functions will further push the boundaries of what is possible, 

leading to more resilient and informed management of our coastal and marine 

environments. 
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This study provides a system-level perspective on ITT design and contributes to the 

development of scalable, resilient, and sustainable intra-port transport solutions through 

informed barge sizing strategies. 
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Towards Next Generation Port Service Intelligence: Leveraging 

Generative AI and Reinforcement Learning for Cruise Vessel Berthing 

Plan Optimisation 

 

Yin Xiao Feng1, Wang Ke1, Chieng Roland1, Xiao Zhe1, Zhang Wei1, Lin Jason1, Fu Xiuju1 

1Institute of High Performance Computing, Agency for Science, Technology and Research, Singapore 

 

Abstract: 

One of the key operational responsibilities of a cruise terminal service provider is 

preparing berthing plans for incoming cruise vessels. This process is typically performed 

manually by planners through detailed inspections of vessel and berth schematics, which 

can be both time-consuming and tedious. Planners must consider numerous operational 

constraints, including vessel dimensions, the location of provision, baggage, and other 

shell doors, as well as openings for utilities such as water and sewage. The berthing plan 

is also subject to frequent last-minute changes due to the dynamic nature of vessel 

operations and shifting requirements. Managing the berthing plan generation and these 

adjustments demands close coordination across multiple teams, increasing resource 

strain and potentially affecting safety, terminal efficiency, and service quality. 

 

To address these challenges, this study proposes an automated system for berthing plan 

generation and optimisation. The proposed framework comprises: 

1) an optimised pipeline for vessel schematic extraction using Large Language 

Models (LLMs) to identify openings, shell doors, Length Overall (LOA), and other 

vessel particulars; 

2) a rule-based engine for berthing plan generation and feasibility checking; 

3) a reinforcement learning (RL) engine for plan optimisation; and 

4) an LLM-based module for responding to vessel berthing queries and providing 

recommendations for last-minute adjustments. 

 

The proposed system aims to significantly reduce the time and effort required for berthing 

plan preparation through automation and optimisation, while minimising user intervention. 

It enhances flexibility, explainability, and adaptability of berthing plan adjustments through 

an LLM-driven agent and provides an intuitive digital interface to streamline the overall 

berthing planning process. 
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Digital Maritime Intelligence 
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SMART SHIPS 
 

Adaptive Oscillatory Foil Propulsion System inspired by Thresher 
Shark Kinematics 
 

Tan Xue Lin1  
1Agency for Science, Technology and Research, Institute of High Performance Computing, Singapore 

 

Abstract: 

The Adaptive Oscillatory Foil Propulsion System is a bio-inspired propulsion 

technology that emulates the tail mechanics of thresher sharks. By combining video-

derived kinematic measurements with machine learning-driven design optimization, the 

system generates high-aspect-ratio oscillatory foils capable of lift-based thrust. 

Adjustable parameters, including oscillation frequency, amplitude, span, chord, and duty 

cycle, allow the propulsor to operate efficiently across low-to-moderate speeds. This 

approach offers a novel alternative to conventional rotary propellers, enhancing 

efficiency and ecological compatibility in marine applications.  

 

 

AI-Enabled Predictive Maintenance for Marine Auxiliary Machinery: A 
Smart Ship Approach 
 

Cdt. Rahman Azizur1  
1Academy of Maritime Education and Training University, India 

 

Abstract: 

The maritime industry continues to rely heavily on Planned Maintenance Systems (PMS), 

which are schedule-driven and often disconnected from actual equipment condition. This 

results in premature overhauls, unplanned failures, and avoidable energy losses. This 

research examines the transition from conventional PMS to AI-driven Predictive 

Maintenance Systems (PdMS) for marine auxiliary machinery, positioning PdMS as a key 

enabler of smart ships.  

 

The study analyses how real-time sensor data, condition monitoring, and machine 

learning models can predict equipment degradation, optimise maintenance intervals, and 

improve machinery availability. A comparative framework is developed to evaluate PMS 

and PdMS across reliability, energy efficiency, maintenance cost, and operational risk. 

Findings indicate that PdMS enables earlier fault detection, reduces unnecessary 

maintenance, and contributes to improved fuel efficiency and emission performance 

through optimised machinery operation.  
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The research highlights predictive maintenance as a practical and scalable pathway 

toward intelligent, energy-efficient, and resilient maritime operations, aligned with 

the objectives of digitalisation and sustainable shipping.  

 

 

Automated Ship Hull Inspection 
 

Prasetyo Marcel Bartholomeus1 

1Singapore University of Technology or Design, Singapore 

 

Abstract:  

Automated ship hull inspection is critical for improving operational efficiency, safety, and 

maintenance planning in maritime operations. Traditional inspection methods rely on 

divers to manually capture images of submerged hull regions, posing significant safety 

risks, particularly in complex niche areas such as sea chest, propellers, and bow thrusters. 

This work proposes an integrated robotic and vision-based solution for automated hull 

assessment and inspection. A remotely operated vehicle (ROV) equipped with a sensor 

and onboard edge computing performs in-situ data collection. Captured data is processed 

in real time using AI modules to enable mapping, ego-location, and semi-autonomous 

navigation. The system generates both real-time 2D hull maps and offline 3D interactive 

map for before-and-after cleaning comparison. Additionally, an interactive interface 

provides quantitative assessment, including biofouling distribution, estimated growth area, 

cleaning time, and projected fuel efficiency improvements. The proposed approach 

enhances inspection consistency, reduces human risk, and enables data-driven 

maintenance decisions. 
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Decision-Making for Collision Avoidance Using MMG-Based Non-linear 
Model Predictive Control in Busy Waterways 
 

Dr. Liu Yangyang1  
1Technology Centre for Offshore and Marine, Singapore 

 

Abstract: 

Maritime autonomy is reshaping vessel operations by enhancing safety, efficiency, and 

decision-making while reducing reliance on human intervention in complex and high-risk 

environments. A key enabling technology for Autonomous Surface Vessels (ASVs) is 

Collision Detection and Collision Avoidance (CDCA), which allows vessels to perceive, 

predict, and respond to surrounding traffic in compliance with the International 

Regulations for Preventing Collisions at Sea (COLREGs). The Singapore Strait and Tuas 

Port present a particularly demanding operational environment, characterised by dense 

vessel traffic, narrow waterways, strong tidal currents, and strict regulatory constraints. 

This study proposes a situation-aware, COLREGs-compliant CDCA framework for large 

vessels. The framework integrates a 3-DOF MMG-based nonlinear model predictive 

controller implemented in CasADi with environmental disturbance compensation, explicit 

COLREGs handling for multi-ship encounters, and AIS-driven real-time risk assessment 

using TCPA, DCPA, and a dynamic collision risk index. Simulation 

results demonstrate safe, efficient, and regulation-compliant autonomous navigation in 

dense coastal waters.  

 

 

Design of a Scalable Architecture for Harbour Craft Digitalisation 
 

Koh Tsyr Harn1  
1Nanyang Technology University - Maritime Energy and Sustainable Development Centre of Excellence, 

Singapore 

 

Abstract: 

This work presents a scalable and field-deployable digitalisation architecture for small- 

and mid-sized harbour craft to address fragmented systems and limited onboard 

infrastructure. The architecture unifies heterogeneous onboard data sources and 

analytics within a single shipboard digitalisation framework. It supports multi-fuel and 

multi-vessel operations, enabling continuous monitoring of energy efficiency, machinery 

condition, and emissions performance. 

  

The architecture incorporates multi-protocol data gateways, vision-based instrument 

reading, secure shipboard communication, and reliable edge-to-cloud data 
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synchronisation for continuous monitoring. The system was validated across multiple 

harbour craft under real operating conditions, demonstrating stable performance, 

improved machinery visibility, and enhanced operator awareness during sea trials. The 

results demonstrate the feasibility of a portable, data-driven platform to support practical 

digitalisation without major vessel retrofitting. 

 

 

From Fleet Supervision to Teledrive: Designing a Human-Centred 
Maritime ROC 
 

PhD Candidate Gusev Alexey1  
1Norwegian University of Science and Technology 

 

Abstract: 

 
As maritime autonomy advances, remote operation centres (ROCs) are becoming critical 

for supervising vessels and enabling safe human intervention when automation reaches 

its limits. This project builds on earlier work conducted with the NTNU Shore Control Lab 

and translates small-scale concept exploration into 1:1 prototyping and testing. Through 

human-centred design, we developed a full-scale ROC that supports situational 

awareness, smooth transitions between fleet supervision and manual takeover, and 

sustainable operator comfort. The project combines targeted desk research, field and lab 

observations, stakeholder interviews, iterative prototyping, and testing with researchers 

and experienced navigators. Findings from the preceding design phase indicate that 

operator experience depends on balancing immersion, collaboration, and cognitive focus, 

and that fleet control and teledrive may be best supported by distinct but connected 

workstations. The ROC prototype demonstrate technical feasibility, operational 

relevance, and commercial viability for future maritime applications at sea today.  
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improving motion predictability, this work enables autonomous systems to proactively 

adjust control actions, enhancing safety, trajectory adherence, collision avoidance, and 

energy efficiency.  

 

 

Towards a holistic risk-aware collision avoidance strategy for MASS in 
port waters 
 

Dr. Chen Xi1  
1Technology Centre for Offshore and Marine, Singapore 

 

Abstract: 

Risk awareness and assessment are critical to enhancing the autonomy and safety 

performance of MASS systems. This study proposes a holistic risk-aware collision 

avoidance strategy for MASS operating in port waters. Specifically, the proposed 

framework firstly employs systems theoretic process analysis (STPA) to 

systematically identify potential hazardous events, unsafe control actions, and risk 

influential factors from a control-system perspective. The outcomes of STPA are then 

incorporated into a Bayesian network (BN) to estimate the real-time risk level of the 

operating environment. A spatial-temporal risk map is further constructed to quantify and 

visualise the evolution of collision risk level, which is further incorporated into a collision 

avoidance algorithm based on MPC control, enabling the vessel to perform active risk-

informed and COLREGs-compliant maneuvers in complex port scenarios. The 

proposed methodology is validated by high-fidelity virtual testing simulations of multiple 

encounter scenarios within the Singapore port area. 
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MARITIME ENERGY 
 

Biogenic Carbon Accounting in Lifecycle Assessment 
 

Chew Shee Jia1  
1Energy Studies Institute, National University of Singapore, Singapore 

 

Abstract:  

Bio-based fuels are increasingly discussed as a pathway toward net-zero emissions in 

maritime transport, with lifecycle assessment (LCA) commonly used to evaluate their 

greenhouse gas (GHG) emissions. Within LCA, biogenic carbon can be treated differently 

from fossil carbon depending on the accounting approach adopted, which may influence 

how reported climate performance is interpreted. Motivated by the need to better 

understand these differences, this study examines how alternative biogenic carbon 

treatments affect the presentation and comparability of LCA results. Using a 

representative bio-based marine fuel pathway, the study applies several widely used 

biogenic carbon accounting treatments within a comparative LCA framework to examine 

their implications for reported lifecycle greenhouse gas intensity indicators. The analysis 

focuses on how methodological choices shape reported climate performance and its 

interpretation, rather than assessing the inherent climate performance of the fuel, with the 

aim of supporting transparent interpretation and informed use of LCA results in maritime 

decarbonisation strategies and policy discussions.  

 

 

Decarbonisation with green ammonia using SOFC for power 
generation (NH3-SOFC) 
 

Dr. Shen Zonghao1  
1Imperial Global Singapore, Singapore 

 

Abstract:  

Using green ammonia in the maritime sector is a game-changer in promoting 

sustainability and reducing emissions. With its high hydrogen content, efficient storage 

and transportation, and lower flammability than hydrogen, ammonia is emerging as a 

promising hydrogen carrier. In addition, it can be used as fuel for solid oxide fuel cells 

(SOFCs) and combustion engines, offering high energy efficiency and scalability. 

  

The project aligns with the spirit of the Decarbonisation Grand Challenge. By developing 

SOFCs optimised for ammonia use, the project targets emissions reduction in the 

maritime industry, a challenging sector to decarbonise. Through novel materials and 
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MARITIME CYBERSECURITY 
 

Byzantine-Tolerant Formation Control in Maritime Buoy Swarms 
 

Shrivastava Siddhant1  
1Singapore University of Technology and Design, Singapore 

 

Abstract:  

Maritime security operations increasingly rely on autonomous buoy swarm formations for 

critical missions including surveillance, search and rescue, and environmental monitoring. 

These interconnected cyber-physical systems face sophisticated cyber attacks that can 

compromise mission effectiveness and pose significant risks to maritime safety. This 

paper presents a robust Byzantine fault-tolerant formation control algorithm for maritime 

buoy swarms that maintains operational functionality under cyber-physical attacks. Our 

approach achieves task coverage under GPS spoofing attacks, resilience under 

communication jamming, and formation stability during actuator hijacking attempts. The 

multi-dimensional trust scoring system scores each agent across behaviour, 

communication, and trust dimensions. This trust-weighted formation control provides 

realistic attack monitoring while maintaining system functionality and mission integrity. 

Scalability analysis demonstrates consistent performance from 10 to 30-agent swarms. 

The system maintains mission capability even under significant attack scenarios, 

providing a robust foundation for secure autonomous maritime operations. 

 

 

Confined Space Connectivity for Maritime Use-cases 
 

Sangle Manisha Sudhakar1  
1Agency for Science, Technology and Research, Institute for Infocomm Research, Singapore 

 

Abstract:  

Providing reliable wireless connectivity in confined spaces is challenging due to physical 

and electromagnetic constraints. However, ensuring connectivity in such environments 

significantly improves worker safety, emergency response, and operational efficiency.  

  

In marine sector, confined spaces are predominantly metallic, causing severe signal 

attenuation and multipath reflections that degrade wireless performance. Additionally, 

industrial activities such as welding and generator operation increase electromagnetic 

interference, further compromising communications reliability.  
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To address these challenges, a multimode network integrating WiFi (IEEE 

802.11s), Bluetooth, and HomePlug AV has been developed. A multimode portable 

gateway extends network deeper into confined areas, enhancing scalability and 

robustness. The system achieves user data rates up to 30 Mbps in non-line-of-sight 

conditions over distances of 30 meters.  

   

The solution has been deployed in a local yard. It supports real-time vital sign monitoring, 

worker localisation, and live video streaming, enabling remote 

expert assistance, improving productivity and reducing on-site technical presence. This 

has resulted in productivity improvements and emergency response times considerably.  
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Spatiotemporal GNSS Integrity Monitoring for Maritime Navigation 
Using LSTM-Based Conflict Scoring 
 

Sankalp Chakravarthy Sreenath1  
1Training Institute of Science and Technology, Academy of Maritime Education and Training University, 

India 

  

Abstract:  

Merchant vessels operate GNSS-dependent (specifically GPS) bridge systems despite 

civil GNSS signals being unauthenticated and vulnerable to spoofing. Documented 

anomaly and maritime casualty analyses from the IMO highlight systemic risk amplified 

by human reliance on ECDIS overlays. Existing bridge systems verify signal availability 

but lack behavioral integrity validation as there is no option to check for discrepancy.  

  

This research proposes a non-intrusive, software-only LSTM-based Co-Pilot for 

shipboard GNSS integrity monitoring. The framework passively collects the NMEA-0183 

data (position, SOG, COG, heading, ROT, STW) and learns vessel specific 

spatiotemporal motion signatures using sliding-window (time based 30s) 

recurrent modelling. Adaptive multi-parameter Conflict Score quantifies residual 

divergence between predicted and observed kinematic states, enabling early prediction 

of gradual drag-off spoofing undetectable by rule-based logic.  

  

Experimental validation for the software demonstrates 94.6% detection accuracy, 6.3% 

false-positive rate, and 17 sec mean detection delay, outperforming conventional 

threshold systems without hardware retrofit or automation override.  
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