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• Brief Introduction of IHPC

• AI applications in maritime and challenges

• Examples of AI applications 

• Port operation efficiency 

• Traffic safety 

Agenda
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About IHPC (A*STAR)

Spearheads 
innovations through 

Modelling, 
Simulations and AI

Established 

1998

Strong collaborations 
with industry & 

government agencies

250
Technical articles 
published 
annually

Researchers with 
industry & academic 

experience 
(mostly PhDs) 

300>

>

Multi-disciplinary 
computational 

expertise under

1 roof

Achievement
s & Awards

Winner of best 
papers, 
competitions & 
Hackathons

Co-innovated award 
winning products 
with partners

Talents 
recognised in top 
international 
professional 
bodies

International & 
local technology 
awards

A*STAR: Agency of Science, Technology and Research

https://www.a-star.edu.sg/News-and-Events/a-star-innovate
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Co-innovation through Deep Multidisciplinary Modelling, Simulation 

and Knowledge-driven AI

• Complex Systems

• Multi-scale Optimisation

Systems Science

• Social & Behavioural 
Insights

• Behaviour & Cognitive 
Influence

• Social & Human-Level AI

Social & Cognitive 
Computing

• Design & Optimisation of 
Structural Materials

• Virtualisation of 
Manufacturing & 
Processes

• Design & Analysis of 
Engineering Systems, 
Reliability & SHM

• Mechanics- Coupled 
Systems

Engineering Mechanics

• Alloys & Materials Design

• Chemistry & Catalysts

• Polymers & Formulations

• Electronics & 
Semiconductors

Materials Science & 
Chemistry

• Coupled & Complex Flow

• Engineering Fluids Flow

• Computation for 
Optimisation & Design of 
Engineering Systems

• Physics-based Data Driven 
Modelling

Fluid Dynamics

• Nano & Quantum 
Photonics/AI

• Electromagnetics

• 3D Inverse Imaging & 
Optical Modelling

Electronics & Photonics

Cross-departmental Initiatives

• Computational Artificial Intelligence

• High Performance Computing

• Decentralised Computing

Computing & Intelligence 

Knowledge-driven AI

Digital Manufacturing Processes & 

Design

Green Technologies for Marine, 

Offshore, Oil & Gas Engineering

Accelerated Materials & Chemicals 

Development

Environmental & Food 

Sustainability

MedTech & 

HealthTech
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Automation & 

digital 

transformation

Big data 

applications from 

AIS + others

Energy & economic 

efficiency

Predictive analytics, 

visual surveillance & 

neuropsychological 

evaluation etc.

Maritime security & 

surveillance

Vessel destination 

prediction  

Ship behavior analysis

Maritime Pollution 

prediction 

Voyage optimization

Vessel dispatching

Port operation 

efficiency evaluation

…

Autonomous ship & 

underwater vehicles

Port community 

systems

Internet of vessels 

(IoV)

Maritime intelligent 

transport systems

Vessel performance/

maintenance 

prediction

Marine environment 

prediction

Visual surveillance 

systems

Crew stress, fatigue 

evaluation

AI Applications  in Maritime

… … …
Z. H. Munim, et al, “Big data and artificial intelligence in the maritime industry: a bibliometric review and future research directions,”
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Challenges of Applying AI in Maritime

Lack of clarity of 

relevant 

regulations, like AI 

in autonomous 

vessels

6

Data availability, 

data scarcity and 

data quality in 

maritime

Data privacy and 

data security 

problem

Computing is not 

advanced for handling 

large-scale data, 

especially for 

implementing complex 

AI models

Trustworthy & 

explainable AI 

Systems 
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Big Spatiotemporal Maritime Data Pre-analysis

Trajectory reconstruction

• AI-based learning from historical trajectories 

• High quality reconstruction

• Provide inputs for port/vessel operation and 

traffic safety management via trajectory 

reconstruction   

Big AIS data pre-analysis 

• Methods deal with errors and missing data 

developed for AIS data considering its 

applications and features

• Compress to retain essential information for 

storage reduction

• Improve analytics efficiency: 400 time more 

size reduction 
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Deep Learning Architecture for Traffic Safety Study

Objective: incorporating multi-modal data into AI modeling for time-ahead prediction

Methodology: deep learning approach

Outcomes targeted: novel AI research for traffic safety enhancement

avoid 

trn (%)

no trn

(%)

Trn

(%)

avoid 

trn

66.03 32.11 2.86 

no trn 0.75  95.60 3.65 

trn 0  0.44 99.56 

Confusion matrix for multi-classification 

(collision avoidance turn, regular turn or no 

turn)



9Copyright @ IHPC 2020. All rights reserved.

Concurrent/parallel Computing for Trajectory Prediction

ML + Physics motion modeling for Non-linear 

vessel trajectory prediction (up to 10 min)
KB assisted Traffic hotspot (dense traffic) 

prediction

Actor model based concurrent computing system (cluster to enable advanced forecasting services in near real-time)

Route planning
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Zhe Xiao, Xiuju Fu, Liye Zhang, Wanbing Zhang, Ryan Wen Liu, and Rick Siow Mong Goh, “Big Data Driven Vessel Trajectory and Navigating State Prediction with Adaptive Learning, Motion Modeling and Particle Filtering Techniques”, IEEE Transactions on Intelligent Transportation Systems, 2020

Zhe Xiao, Xiuju Fu, Liye Zhang and Rick Siow Mong Goh, "Traffic Pattern Mining and Forecasting Technologies in Maritime Traffic Service Networks: A Comprehensive Survey," in IEEE Transactions on Intelligent Transportation Systems, 2019

Zhe Xiao, Liye Zhang, Xiuju Fu, Wanbing Zhang, Joey Tianyi Zhou, Rick Siow Mong Goh, "Concurrent Processing Cluster Design to Empower Simultaneous Prediction for Hundreds of Vessels' Trajectories in Near Real-Time," in IEEE Transactions on Systems, Man, and Cybernetics: Systems,2019

Zhe Xiao, Loganathan Ponnambalam, Xiuju Fu and Wanbing Zhang, “Maritime Traffic Probabilistic Forecasting based on Vessels’ Waterway Patterns and Motion Behaviours”, IEEE Transactions on Intelligent Transportation Systems, 2017

1 2 3
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Operational Events Detection: Operation Insights & Tracking

Motivation: Decipher Vessel Operation Events (berthing, anchorage, bunkering, slowing down) for

future happenings to benefit operations and planning to improve efficiency.

Outcomes: 

A system based on AI

approach for real-

time vessel operation

event and historical

events detection,

which is applicable to

other ports

Automated detection

of details of

vessels/fleets

operations and

automating port

operation reports.
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Federated Learning for Maritime Data Privacy and AI

Federated Learning for Enlarging Data Scale with Privacy Preserving

SAR

AIS

meteorological data oceanographic data

+ human behaviour data (video etc.) 

+ other sensor data (Wave, Currents, Wind, Temp) …

…

Maritime 

supply chain

Coordinated 

sea-port 

planning

Port operationShipping

Ship lifecycle 

management

Data Repository Model Repository

Traffic 

surveillance

Sea route 

planning

Prognostic modelling

Objectives:
• Route generation with FL for spatial-temporal optimisation

• Global optimisation using different parties’ data in privacy preserving way for insight

generation

Vetted

Algorithms

Data on-site

Data on-site

Querier

Choose Algorithm

Algorithm

Answer
Federated 

Learning

A

B

C

Estimated Time of Arrivals 

(O, D)

Answer: Optimum Route,

Time and Distance 

• Move compute to data site

• Federated Learning for insight generation

• Send a query and get result without sharing 

data

Use case 1: Optimize the Voyage using Federated Learning

Use case 2: Optimize the Bunkering Services

Objectives:
• Improve barge utilization

• Reduce the number of barges to fulfil the same load of bunkering services

• Decision making on scheduling and service arrangement

Maritime traffic data 

(from agency)

Data visibility for better situational 

awareness

Smart algos & models

Optimization of bunkering services 

and suggestion for different 

bunkering service companies

Model 

repository

Data fusion & 

aggregation

Privacy & 

security

Optimization 

& 

Coordination

Federated learning platform

(core components for the use 

case)

Barge operation data (from 

companies)

Data from other industry 

players(suppliers, ship master, 

bunkering surveyor  etc.)

Cross-organizational 

big domain data
Federated learning, AI models 

& optimisation engines

API 

exposure

Objective: fully capture data intelligence by consolidating isolated data in 

the past and secure data privacy 

Methodology: collective learning, not exchanging/centralizing data

Outcomes targeted: open novel research and business avenues and has 

the potential to improve in maritime sector

N. Rieke et al., “The future of digital health with federated learning,” npj Digit. Med., vol. 3, no. 1, 

pp. 1–7, Sep. 2020, doi: 10.1038/s41746-020-00323-1.



12Copyright @ IHPC 2020. All rights reserved.

• AI is with big potential for its application in maritime operations

• IHPC maritime research:

• AI-based modeling and optimization considering complex
system behaviors for system improvement

• HPC based analytics, simulation and optimization methodologies
development and quantum computing based exploration

• Research and applications development experiences in traffic
safety and port operation efficiency enhancement

• New research in maritime emission related study

Summary
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