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Agenda
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* Brief Introduction of IHPC
Al applications in maritime and challenges

« Examples of Al applications
« Port operation efficiency
 Traffic safety
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About IHPC (A*STAR)
Multi-disciplinary \

computational

expertise under Achievement

>3OO o ‘\ s & Awards
00 Y 1 roof
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International &
local technology

bC)

awards
Q Researchers with [ 250 Co-innovated award
g Established industry & acac!emic Technical articles 4% Wwinning products
S (mostly PhDs) annually
< Talents
z > ret(:ogni_s.ed iln top
5 internationa
£ : Spe_arheads [@] professional
CB) innovations through _ bodies
g ~ Modelling, Strong collaborations Winner of best
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- government agencies competitions &
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A*STAR: Agency of Science, Technology and Research
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https://www.a-star.edu.sg/News-and-Events/a-star-innovate

Co-innovation through Deep Multidisciplinary Modelling, Simulation
and Knowledge-driven Al

Social & Cognitive Engineering Mechanics Materials Science & Fluid Dynamics Electronics & Photonics
Computing Chemistry
« Complex Systems * Social & Behavioural + Design & Optimisation of + Alloys & Materials Design » Coupled & Complex Flow * Nano & Quantum
+ Multi-scale Optimisation Insights Structural Materials + Chemistry & Catalysts + Engineering Fluids Flow Photonics/Al
. :Biraviour & Cognitive . Virtualisatiqn of « Polymers & Formulations « Computation for + Electromagnetics
ELEnES Manufacturing & . 3 Optimisation & Design of + 3D Inverse Imaging &
+ Social & Human-Level Al Processes Electronics & Engineering Syst Optical Modelli
ocia uman-Level X ; A ngineering Systems ptical Modelling
* Design & Analysis of * Physics-based Data Driven
Engineering Systems, Modelling

Reliability & SHM

* Mechanics- Coupled
Systems

Computing & Intelligence

@% + Computational Atrtificial Intelligence

+ High Performance Computing Knowledge-driven Al

+ Decentralised Computing
Cross-departmental Initiatives

0‘92 Og2 o
S, R %g/
\G DG 5

Digital Manufacturing Processes & Accelerated Materials & Chemicals Green Technologies for Marine, Environmental & Food MedTech &
Design Development Offshore, Oil & Gas Engineering Sustainability HealthTech
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Al Applications in Maritime

!

Automation &

digital
transformation

7

Autonomous ship &
underwater vehicles

!

Big data

applications from
AIS + others

Maritime security &

7

Maritime intelligent
transport systems

\ 4

surveillance

Energy & economic
efficiency

Vessel destination

Port community
systems

\ 4

A 4

prediction

\ 4

Voyage optimization

Predictive analytics,

visual surveillance &
neuropsychological
evaluation etc.

Internet of vessels
(loV)

A

Ship behavior analysis

Vessel dispatching

Port operation

Maritime Pollution

eee

prediction

efficiency evaluation

eee

\ 4

\

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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[ Vessel performance/ )
> maintenance
\ prediction y
4 N
Marine environment
prediction
4 '
Visual surveillance
systems
. y J
' '
Crew stress, fatigue
evaluation
\ J

eee
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Data availability,
data scarcity and
data quality in

maritime

Data privacy and
data security

problem

Computing is not Trustworthy &
advanced for handling = explainable Al

large-scale data, Systems
especially for
implementing complex

Al models

Copyright @ IHPC 2020. All rights reserved.

Lack of clarity of
relevant
regulations, like Al
in autonomous

vessels



Big Spatiotemporal Maritime Data Pre-analysis

Size: 20 TBs Computational Outcomes
framework

Errors, missing values - correction 1 . —
. 4 0, LTA 1

Reconstruction Alg Abnormal spnd.43.4;a (1319 9

+  Noise, error handling Abnormal RoT : 50.3% 15.8%

Corrected and consistent data

i
®

Repack 11 times reduction
m accessable, less storage 75
2
-
S Big AIS data pre-analysis Trajectory reconstruction
<
= * Methods deal with errors and missing data  Al-based learning from historical trajectories
; developed for AIS data considering its * High quality reconstruction
S applications and features * Provide inputs for port/vessel operation and
O » Compress to retain essential information for traffic safety management via trajectory
8 storage reduction reconstruction
Z * Improve analytics efficiency: 400 time more
é size reduction
O
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Deep Learning Architecture for Traffic Safety Study

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

Methodology: deep learning approach
Outcomes targeted: novel Al research for traffic safety enhancement

Dense
Layers

Input 3:
Other
Vessels
Features

TCN
|

(Concatenation

T
Convolution
Layers
S

Input 1:
Traffic
Image

timestamp 1

Input 2: Self
Vezzel
Features

(Concatenation

Dense
Layers

Input 3:
Other
Veszel
Features

1
Convolution
Layers

4

Input 1:
Traffic

Image

fimestamp 2

Input 2: Self
Vezzel
Features

Dense
Layers

Input 3:
Other
Veszel
Features

| Output I
F

(Concatenation

T
Convolution
Layers

S

Input 1:
Traffic
Image

fimestamp n
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Input 2: Self
Vezzel
Features

Confusion matrix for multi-classification
(collision avoidance turn, regular turn or no

turn)
avoid no trn Trn
trn (%) (%) (%)
avoid 66.03 32.11 2.86
trn
no trn 0.75 95.60 3.65
trn 0 0.44 99.56




Concurrent/parallel Computing for Trajectory Prediction

" Predict 25 minutes in ad
Truth Hostpot
ction Host

Using a fixed training window is not proper, how to find the best training window?
This is ot salling sate(uning)

Y o p—

W By (0) = [goy + ey (6 = Epey)lsinleyg + e (£ = b))
w(0)= iy + 003 (0= telcoslery + @i (¢ = -2)]

heta aigortm. g i)

cog
cog

derivation -~

[0}

N st point with cog = 0
/ e L] 1. Obtan tbe trmmmeral i by partices
'/ b o

Tesacony Toeassod Terog e el o

Sailng sraght

@ ML + Physics motion modeling for Non-linear @

tn

KB assisted Traffc tspot (dense traffic)

vessel trajectory prediction (up to 10 min) prediction Route planning
Cluster Computing Data Primary Dispatcher Executor Executor Executor | T | ! !
Cluster Start Vessel list o o 1
configuration B pua NI g BN s O
Access vessel list > . |

AlS data o, H
Load balancing :

Task dispatching Lo prrr——vy

RR VRR DRR PRR =
Load balancing method

pn
Jobs execution Jobs execution | Jobs execution ;5 L=t
at node 1 at node 2 HE
iL, >OH; = Lj>OH;,i ' jii.j T LN
Output collection Standby Dispatcher Switch —myg
L a on

Actor model based concurrent computing system (cluster to enable advanced forecasting services in near real-time)
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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 Moti on Intelligent T Systems, 2017

1C ion jiours”, IEEE Tl
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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.

® % D

e 4 oA | Outcomes:
S ~ Asystem based on Al
1T e approach for real-
© 7c o w time vessel operation
e ‘ o, - 7/13% event and historical
@ " o S a3 events detection,
- = - - IR L N @ which is applicable to

other ports

| . Automated detection
Q% V of details of

— vessels/fleets

C operations and

\ automating port

\ operation reports.
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Federated Learning for Maritime Data Privacy and Al

Use case 1: Optimize the Voyage using Federated Learning

Objectives:

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
Federated Learning for Enlarging Data Scale with Privacy Preserving

Model Repositor

) Coordinated

Trqfflc sea-port

surveillance planning
Ship lifecycle
management

. . Maritime
Prognostic modelling supply chain

Data Repository

Sea route
planning

Ry 2
SAR meteorological data  oceanographic data

+ human behaviour data (video etc.)
+ other sensor data (Wave, Currents, Wind, Temp) ...

Central Server

‘f?b OO 0‘:‘0
Node 1 ® Node e,
/ N N L g ’
/ D NI
o B o % go s
',:;‘;iﬂ g h'?‘rz‘l "‘%"g Local Data
Cross-organizational Federated learning, Al models API

big domain data & optimisation engines exposure

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.
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Route generation with FL for spatial-temporal optimisation
Global optimisation using different parties’ data in privacy preserving way for insight

generation
Vetted ‘%'
Algorithms =
( = N
Ly
_ ) > N o=
Estimated Time of Arrivals . \\ Data on-site
(O, D) ’ \
/ \
B S Bty e o
L3 ! i —
“ ) Learning

Querier Answer: Optimum Route,
Time and Distance

: -
Move compute to data site . ~E|:I! -~ e
Federated Learning for insight generation =
Send a query and get result without sharing v _C

data = Data on-site

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

o:‘-?w Smart algos & models
Maritime traffic data =5~
(from agency)-~ . , - - 'v
N + s &
B
29
Model
repository

Data fusion &

Barge operation data (from aggregation
companies)
|- Optimization
Coordination Optimization of bunkering services
and suggestion for different
Privacy & bunkering service companies
security

Federated learning platform
Data visibility for better situational (core components for the use
awareness case)



Summary

Al is with big potential for its application in maritime operations

& & D

e |HPC maritime research:

 Al-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
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