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Context of this talk : 
Automating Operations of the Royal Research 
Ship Sir David Attenborough (SDA) 

Objective: optimise fuel and carbon 
efficiency of science cruises

Data available:
• Historic ice extent
•            icebergs: calving, tracking
• Sea ice and weather forecasts
• Satellite imagery
•            Previous ship tracks and event logs
•            On-board data streams (position,   

heading, wind speed etc) 
To inform:
Automated operations planning for the vessel
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Building a Digital Twin of the Southern 
Ocean from the perspective of the SDA



Route Planning



Digital Environment



MODIS Satellite imagery



Mesh Representation



Mesh and image overlaid



Explaining Route Plans



Icebergs and in-ice features
Detecting in-ice lead and polynya features in Modis 
visible imagery using unsupervised classification

Inferring likely pathways of small icebergs moving with 
current

marrog@bas.ac.uk



High Resolution Track Data for Previous Vessels

How to maximise science gain at 
minimum cost? 



Automated Mission Planning

Domain model

Problem Description

Plan

Determined by the route-planner



Digital Twinning

Curren
tsPrevailing 
winds
Sea Ice 
extent
Bathymet
ry

Model 
data

Observations 
eg: SDA 
location

ML 
Predictions

Satellite 
Image 

Analysis

Physics Based Route 
Planner

Ice bergs and 
Leads

Mission Planner

Fuel cost
Travel-time
hazard

X



• We are building a Digital Twin of the Southern Ocean 
environment from the operational perspective of the 
SDA

• Multiple data sources can be combined to provide 
detailed input to decision-making

• Sea ice extent
• Icebergs classification and tracking
• In-ice features for navigation

• Route-planning in ice 

• Mission-planning to save fuel and carbon

Summary



Thank you for listening!


