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Fusion Digital Twin Proof-of-Concept (®)

Fusion Digital Twin Proof-of-Concept: digital copy of T
multiple TCV divertor configurations

—> Demonstrate integrated physics-engineering
computing, surrogate models, advanced rendering &
database handling

Technology of choice: NVIDIA Omniverse Ecosystem

—> Data Federation Mesh (DFM): orchestrate execution of
programmable pipeline & data transfer, enables distributed
pipeline execution on different hardware

= Omniverse KIT: SDK for building omniverse applications,
advanced FDT GUI and photorealistic rendering (RTX)

= OpenUSD based database (3D scene description format)

= Proven the integrated edge plasma-thermal modeling of TCV
divertor equipped w GUI, rendering & database




From PoC to pre-production architecture ©

Transition towards pre-production architecture — —

—> Data facility and computational cluster sites
remain approximately unchanged
—> Laboratory facility: mainly managing
databases (DEFUSE, OpenUSD) &
surrogate modes (SOLFS, C-sputtering)
= Compute HPC cluster: execute heavy
simulations through SLURM (Ansys)

= GUI and rendering completely revised

= GUI executed in virtual machine (VM)
and can be accessed via web-browser

= Rendering executed as SLURM job on
GPU HPC cluster

— Orchestrator installed and executed on same
virtual machine as GUI

FUSION DIGITAL TWIN DEDICATED L
VIRTUAL MACHINE (UNIVERSITY SCHOOL) COMPUTE NODE

UNIVERSITY HPC GPU CLUSTER



Remote rendering on HPC cluster

Remote photorealistic rendering on GPU HPC
cluster under testing

User Device

= GUI executed on VM while rendering
executed as slurm job on GPU HPC cluster

= User connects to web-serviceon VM =
via web-browser e
= Web-service submit rendering job on GPU

= GPU cluster execute the rendering job
= Requires cluster equipped w RTX HW
= Neuro-shader tech. beneficial

TCP/TURN |

—> Rendering data returned and displayed in GUI

Advantages

= No specific HW required by users
= No specific installation required by users
= Multiple users can connect and use FDT
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HPC Job Scheduler (SLURM)
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I i o Name Last commit
Name Last commit Name Last commit
e Baansys bugfixes system_tools, change name of the... @ _init__py restructured slurm service tree
: Eadefuse updated dependencies for building and inst.. tl fd [ ) b f d fd i o @ slurm_config.py bugfixed fdt_services. in import
= ) t_slurm_service ugfixed fdt_services. in import
: : - ‘ B3 matlab updated dependencies for building and msL‘ & slurm_job.py bugfixed fdt_services. in import
t: ] Brsturm bugfixed fat_services. in import README.md restructured slurm service tree  slurm_job_status.py restructured slurm service tree
B solfs updated dependencies for building and inst.. 2 slurm_service.py bugfixed fdt_services. in import
pyproject.toml restructured slurm service tree

Eatools bugfixes system_tools, change name of the

FDT services are in refactoring

—> Services coded as an as-independent-
as-possible python package
—> Re-use in different FDT config.
—> Re-use outside FDT if needed
= Install only site-required services

—> Currently, services are code-only
= Configuration & pre-set in JSON
—> Data and models are shipped
outside the service package
= Liking via JSON dictionary

@ slurm_service_execute.py

bugfixed fdt_services. in import

Files and folders in lvarlwww/html/fdt_services data/data
Please log in

eeeeeeeeeeeee
Username Name Type Size Last Modified Action

ansys_test.zip File 11.66 MB 2026-08-0713:20:05 ~ |Remove

Log "
Upload file
Upload file

Unit testing for services currently under develop

= Unit testing based on pytest engine
—> Clear separation between fixtures and methods
— Same fixture reused by multiple methods
= Prototype of webservice for storing FDT and test
data developed (in php) and running




FDT services development status ©
SOL-FS service == == | [SLURM service Ansysserv. m @
*SOLPS-ITER J\ *Prepare-inputs, submit, *Meshing& § Wi
surrogate model ™™ - " ] retrieve data, garbage collect |[thermal
*Heat and simulation

particle fluxes

*Refactoring COmpleted”!“

DB under construct.
workflow for DB gen in dev

DEFUSE srv
*Load exp.
plasma data r .
*|/O FDT data DB (m IMAS)
*Pyvthon package ready (UT req)

of SLURM jobs

*Service restructuringin as
python package completed!
*|Integration of refactored
package in FDT on-going

eRefactoring almost completed

Multi-parameters CAD in dev.

°Integration new srvin FDT TBS
*Ext to 3D mechanical sim. TBS

°Integration in FDT TBS
*Ext. for executing data manip.
& analysis pipeline in discuss.

MatLab service

*Start/Stop Mat shared session

*Insert, retrieve data and
execute MatLab cmd from Py

*Python package ready

*UT almost completed

°Integration in FDT TBS

Carbon
Sputtering
=|nfers yield,
distrib of CS
from MD sim [’ ..
*Sim DB constructed &
interpolator developed

| _'Service implementation TBS




Conclusions and Future Work
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Conclusions

*FDT (pre-)production configuration &
computational resources defined

*Documentation in drafting
eInstallation in progress

*Prototype of streaming rendering developed
and currently under testing

*FDT services in advanced refactoring
*Services defined as python package
*Configuration stored in JSON dict.
*Data stored outside the packaging
*Unit testing in implementation

*SOLPS-ITER DB generation workflow in
refinement & C sputtering database ready

Future work

*Finalize (pre-)production installation of FDT
*Update FDT integrating streaming rendering

*Finalize documentation of both orchestrator
and streaming rendering technology

*Finalize services refactoring and unit testing
*Update FDT for exploiting refactored services
*Finalize SOLPS-ITER DB generation workflow
*Implement Carbon Sputtering service

*Extend Ansys service calculation to 3D multi-
parameter thermo-mechanical simulations

*Enrich SOLFS with radiative source inference
*Project on robot control system dev. started
*Develop B-line, particle and ray tracing serv.
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