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Application Areas of Al in Maritime Comin

Al's advantages, purposes, and requirements
Purpose: Leverage data and computing power j-ritime Safety & Security

for automatically execution of predefined,
repetitive tasks.

Requirement: Al
Domain/phenomenon
quantity and quality.

modeling,  Computing,
understanding, Data

Advantage: Modelling once, run in many
places. Faster and more economical compared
to manual, traditional processes, reducing
human errors, faster, more real-time in
decision-making and support

Disadvantage: Difficulty in reflecting new
dynamic structure of factors, unseen situations
(black swan). Performance is very sensitive to

data quantity and quality.

+ Crew mental health assessment
+ Fatigue screening

Key Research Areas of Maritime Al
Autonomous Shipping

* Object detection & recognition
+ Navigational situation perception
+ (ollision avoidance for Autonomous Vessels

Accident, incident or risk prediction
Crew competency assessment

Sea-state estimation

Typhoon (hurricane) forecasting Maritime Robotics

» Robots for ship’s hull clean and maintenance
+ Underwater robots for ship inspections

+ Fire robots on ships

+ Anti-piracy robots

Vessel engine and compressor health ({/r: Y &
Ballast pump ‘ AN :
Ship propulsion system \ vV { i
Hull structure monitoring d A\ / SmartPorts
Maritime crane L port situation monitoring (e.g., congestion monitoring)
* Infrastructure management (e.g., berth allocation)
+ Predictive analysis (e.g., ETA and congestion

prediction)
+ Communication enhancement (e.g,, VHF recognition)
+ PSCinspection (e.g, ship candidates selection for PSC
inspection)

* Maritime emission monitoring

+ Maritime emission estimation/prediction

+ Maritime emission reduction/optimization
2
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Safety is paramount for maritime sector.

The existing VTS(Vessel Traffic System):

1) Engrossed by “passive mode” which requires tedious
human labor and especially rely on Vessel Traffic
Services Officer (VTSO)' professional experience and
skills

2) Without a knowledge base to support advanced services
of intelligence

3) Lack features like intelligent solutions on collision risk
detection(such as using linear model), and a set of
proactive add-on features like hotspot forecasting etc.

Bunkering of new fuels:

1) Careful assessment is needed for preventing accidental
leakages for bunkering and handling of marine alternative
fuels
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VTS Transformation from “passive” to “proactive” A =

HPC
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As-is Transformation To-be Al models are not
(" Aland Human 71 | taking over the role
Monitoring of HMI & Visualizer : Collaborative v £ : of human .
Vessel Traffic : Decision Support 4§ o g : operations, instead
Service Intelligence I e % o % %ﬂ Al models. play a role
- | A'ﬁﬁafﬁ‘:st'son 25 2 2l | that provides strong
Knowledge Base | ¢ g & =) |assistance to
Much on Ut S5l | perform some
EIL I o qual 5= £ |essential tasks
e Acemant Big Data Processing . Computational - : :
! Assessment )

Manage multi-modal data (such as AIS data, radar data, video surveillance and communication voice etc.) for effective
computational assessment.

Advanced Al models running in the backend for improved accuracy, which extends the prediction window in both
temporal and spatial dimensions for better and time-forward situation awareness.

To automate the processes and work in proactive manner, allowing earlier discovery of potential risks in advance and
hence action-taking to mitigate risks and avoid last-minute actions.
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Our paper - Next Generation Vessel Traffic Services System - from “Passive” to “Proactive”
published by IEEE Intelligent Transportation Systems Magazine
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Sensing of coming
vessels and risk
warning (next 10-15

mins)
2]
L
>
% Historical high risk Safe Traffic situation
- ® / cases (near miss), traffic Awareness
I hotspots & For risk mitigation
= incidents (up to 1-2 hours ahead)

CREATING GROWTH,
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Vessel's turning status prediction for advanced risk warning A =

IHPC

@& objective

Develop predictive model to predict/detect
vessels’ turning (changing navigation . | Table 1: prediction performance
status); Intelligently monitor vessels’
crossing-channel intentions

@ Research Foci

Accuracy Precision  Recall  F1-score AUC
9230%  8827%  9767%  9273%  92.27%
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Large-scale human-
annotated traffic data

Big volumes of traffic data processing

Large-scale human-annotated data

~ Predicted turning point with

Al based vessel turning status prediction ‘ i e\ - ~ Lspatial informa

i | = ke - temporal-spatial information
|
|

to provide inputs for enhanced vessel’s
trajectory prediction and risk warning

| T T TR T e T T e e = - -
[E/ Deliverables

Accurate turning status prediction (92.3%) IHPC's turning prEdmt'On model

Our paper is submitted to IEEE Trans on Intelligent Transportation Systems
Integrated with trajectory prediction model
for better vessel turning trajectory
prediction
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Collision risk warning model for earlier warning (10-15 mins ahead) A ==

IHPC

@& objective

Establish intelligent collision alert function
that advances the existing linear model -
achieving earlier warning and better
accuracy

® % O

@ Research Foci

Leverage on big data intelligence to design
and develop non-linear vessel movement = . =]
prediction _
Many rounds of workshops with MPA’s Port Traditional Warning B0
Operations Control Centre (POCC) .
operators for model validation. e SR
Testbedding with real-time traffic at MPA 4

Living Lab

[E/ Deliverables

IHPC Warning

Model using nonlinear movement w0 06:43:05
prediction-based collision risk alert

Dashboard that visualizes the collision risk
services
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Traffic hotspot prediction for potential traffic hotspots @ominsanead) A, =

IHPC

@& objective

Establish traffic dense hotspot
forecasting function serving as an add-on
features for proactive maritime traffic

safety management fﬁ"!ﬁfﬁﬁéZiBEi;essft”aﬁthaé‘?%o;40

Prediction Hostpot: Start at 07:29:20

® % O

@ Research Foci

Situation awareness of traffic dense hotspot
by aggregating vessels’ long term (up to 30
min) trajectory prediction through big data
intelligence

Many rounds of workshops with MPA's Port
Operations Control Centre (POCC)
operators for model validation
Testbedding with real-time traffic at MLL

[E/ Deliverables

Model using nonlinear trajectory prediction-
based traffic dense hotspot situation
awareness up to 30 min in advance
Dashboard that visualizes the traffic dense
hotspot forecasting features over live traffic

07:26:20
2017-04-13 THU Scale:1X

IHPC's hotspot forecasting for early situation awareness
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CFD-based risk assessment for accidental leakages of new fuel bunkering@ .
Contact: nguyenvt@ihpc.a-star.edu.sg

=+ CFD-based gas cloud dispersion
model for a range of cryogenic liquids

g ."‘ -t al

©] Objective

Developing a high-fidelity CFD-based quantitative risk
assessment of accidental leakages for bunkering and

handling of marine alternative

-1 Fast transient model for
estimation of leak conditions

@ Developed Capabilities

* Transient leak model coupled with experimentally
validated CFD approach for simulations of gas cloud
formation and ignition probability for accidental leakages.

« Rain-out and multiphase release of cryogenic liquid

» Surrogate modelling for fast prediction of gas plume

Resolving detailed geometries and
features for realistic conditions

N v — =

7))
w
>
=l
: dispersion gh fideli (onal framework for simulations of ic leak
2 - Uncertainty quantification of environmental conditions (e.g.; 18 fidelity computational framework for simulations of cryogenic leaks
% wind speed and directions) on gas plume dispersion 0. 4 Commercial | 2 max error 2119 2171
Zz + Evaluation effectiveness of mitigation measures g . jj;_j Pxperiment || 3 %% meanerror I I
w 5 ‘ § 20 4
- =] g 201 iy + @
E @ Key Outcomes & ! st 2 £ 15 7.79 a3 T 13%4
E10] ¢ PO T S z 4.90 :
. . . . . 2 o8 2. 5104
% « Validated CFD approach with field data showing superior 2 8 g g | D | 5.0 R 14 431170 ..
% performance comparing with existing industrial tools. o0& Te| oz |22 o8 P
L) * Application of the developed framework for design of LNG, 2 5'(]]33;1;?:9 fi:ﬁ?leifou;i(:m)w's 2000 2 974 TAlo Al Alz AI3 Al4 Al5 AlG
= hydrogen fuel-cell; and ammonia powereq vessels . Comparison of maximum concentration at sensor locations between field
< * Risk assessment for bunkgrlng of potential alternative data and numerical tools for one of the experimental runs. CFD is the
o fuels (methanol, ammonia) present framework.
O
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CREATING GROWTH, ENHANCING LIVES

«  Maritime network construction and

« Text mining for maritime disruption

r Institute of

High Performance
Computlng

IHPC

Maritime Al research for enhancing port operation

4. Global Maritime Portglre s =) 14
Network and disruption -

From Siloed to connected| s - 2
Port network

analytics and text

key node detection mining for

+ Complex network analytics aritime risks =

* Maritime supply chain network risk ( N
analytics (("))

events 0 baI traffic:

3. Global Maritime traffic
from local to global

« Global maritime traffic pattern extraction for
routing analytics

« Vessel/fleet operation events extraction across
ports

« ETA prediction etc.

2. Smart port operation (ship,

fleet, terminal, port)
From sinS%Ie to multi-systems

* Port traffic based emission study

* G&B, tanker and container vessel operation
planning, optimization and operation event
detection

* Fuel consumption optimization within port

Next Gen

ration Port

Traffic safety:
safe navigation at
strait and crowded
waters, next gen
VTS

1. Maritime Traffic Safety
Research
From passive to proactive

Dynamic spatial-temporal risk analytics based or
data

* Near miss case detection 10

+ Al-based collision risk warning
Traffic hotspot and situation awareness
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Many Al-based predictive models for our port-traffic enhancement @

IHPC

Traffic Management Port Efficient Operations Vessel fuel/energy consumption prediction

&
O

Prediction
of ETA
(3 days +) Prediction of vessel berth
stay & coordinative Maritime Al
@ optimization for operations

-
-

g across multiple terminals Vessel operational event

detection model to
examine where vessels

- ——— e

traffic hotspots
(30mins ahead)
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itime Al Development: Needs & Barriers

Maritime data silos, lack of
data quality and quantity

® % O

Maritime data are far from full utilisationO..................
“ due to data issues; R&D is needed to
exploit maritime data to create values

While there are companies

adopting Al, many are still new or R> .,
at nascent stage o NI + Lack of easy-to-use Al models &

automation tools
Marrying maritime domain knowledge and Al Teannt
e modeling is critical for building up maritime Al

ecosystem

" Obstacles in computational

11 1 IIIIII.. . . .
Need for maritime Al tools and automation O' . eff|C|ency when scallng up

platform to accelerate adoption % ¢

Al capabilities are needed along various

parts of value chain, and prioritisation of RLLI . .
high impact use cases is needed to Y AL Lack of SO“q Al service
demonstrate value for scaling up (@ TETTITEITEITEIPETH ‘,@ examples with trust &

s explainability

CREATING GROWTH, ENHANCING LIVES

Takeaways from the 15t Maritime Al Workshop
and discussions with more than 40 maritime 12
companies
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CREATING GROWTH,

Use Case Examples under the MARS Programme
for Maritime Al Capabilities Development

Next generation Smart shipping
port

Ship building,
supply chain
network
resilience and
others

Institute of

Joint development
with
industry partners
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« There is great potential for maritime Al to assist maritime traffic and
port operation enhancement towards incident-free traffic

® % O

« |HPC/A*STAR leads the Maritime Al Research Programme (MARS)

 In collaboration with partners to develop maritime Al capabilities, aiming
to advance efficiency, safety and decarbonization within the maritime
ecosystem

« Maritime Al research and development requires a community-based
approach and we welcome more collaboration.

2]
L
2
-
O
<
O
Z
<
I
Z
w
T
-
=
O
44
O
O
Z
—
<
17
o
O

IHPC’s maritime Al research: https://www.youtube.com/watch?v=Plh_BsHb63g&t=7s
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THANK YOU

www.a-star.edu.sg

Contact: fuxj@ihpc.a-star.edu.sq
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