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Digital Twins for Ocean Robots 



Definition : Digital Twins
U.S. Committee on Foundational Research Gaps and Future Directions for Digital Twins

A digital twin is a set of virtual information constructs that mimics 
the structure, context, and behavior of a natural, engineered, or 
social system (or system-of-systems), is dynamically updated with 
data from its physical twin, has a predictive capability, and informs 
decisions that realize value. The bidirectional interaction between 
the virtual and the physical is central to the digital twin. 

The National Academies Press, 2024. https://doi.org/10.17226/26894

https://doi.org/10.17226/26894


Definition : Ocean Robots

• Wikipedia : A robot is a machine—especially one 
programmable by a computer—capable of carrying out a 
complex series of actions automatically. A robot can be 
guided by an external control device, or the control may be 
embedded within 

• GF : ocean robot can be anything from AUV, ROV, Argo float, 
Drifter, … to CTD rosette … to lab-on-chip device



The Genesis of DTOR

• earlier work on Argo, MITgcm, ECCO, Julia 

• 2020-2021 : covid 😭 … divest from zoom 😩 … invest in Julia dev 😀 

• 2022 : Symposium on Advances in Ocean Observation 

• 2023 : US-CLIVAR presentation 

• 2023 : JuliaCon presentation 

• 2024 : JuliaCon proceedings paper (under review)

https://sites.google.com/view/oceanobs-advances/home
https://youtu.be/nYBVyX8S6yc?si=uiuxxaMlMnwwr1-3
https://youtu.be/VWsQmS59_yw?si=7Y_XW9GpKiRHio_I
https://github.com/JuliaCon/proceedings-review/issues/164


Physical Twins
List of supported observing networks + those planned



Example 1 : Argo Floats
Building a simple Julia interface to observations in DTOR



Example 1 : Argo Floats
Pairing Physical and Virtual Twins

Argo (real world profiles) OCCA (emulated profiles)



Example 2 : Drifters
Pairing Physical and Virtual Twins

Drifters (real world trajectories) Drifters.jl (basic emulator)



Example 3 : BGC-Argo
Building Emulators & Assessing Performance

• Blue : model truth 

• Black : neural emulators 

• Software : Flux.jl, MITgcm.jl , Makie.jl



Example 4 : Emulating C-Streams
Targeting the SPG with drifting buoys

• Climatology.jl 

• three-dimensional monthly 
flow fields from ECCO4  

• Drifters.jl 

• three-dimensional 
trajectory calculations 

• Makie.jl 

• Visualization and 
Animation



Example 5 : Emulating Fine-Scales

• MITgcm 

• Km-scale model run 

• MITgcm.jl 

• Handling MITgcm model output  

• MeshArrays.jl 

• Interpolation from native grid to 
regular grid 

• Makie.jl 

• Visualization and Animation



Example 6 : Emulating Future Environments

• ClimateModels.jl 

• Interface to build and run 
Hector emulator 

• Hector 

• Climate scenario emulation 

• Makie.jl 

• Visualization and Animation



Mechanistic Models
A Versatile and Easily Extensible Lineup



Interactivity
Pluto reactive notebook examples



Open Source Software
https://github.com/gaelforget 

https://github.com/gaelforget


Outlook
• All systems go! 

• Next for me ?  

• science, art, education, and commercial applications 

• maintain and continue building up DTOR        (BGC-Argo, NEMO, ODIS, cloud, …) 

• build up on the AI/DA/ML/UQ side of DTOR    (Enzyme.jl, Flux.jl, Turing.jl, SciML, …)  

• Next for you ?  

• Ignore 😎, Benefit 😎, Contribute 😎 

• https://github.com/gaelforget 

• JuliaEO25 (6-10 January 2025)

https://github.com/gaelforget
https://aircentre.github.io/JuliaEO25/

