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Collection of IT technologies to virtualize the shape and function of objects

Level 1: virtualize the shape of real object with some minimal data, properties

Level 2: connected to measured data obtained from operation of real objects 

Level 3: integration of simulation, analysis capabilities based on AI/ML etc.

Digital Space

Shape Function+



Level 1 ~ 2 examples

Digital asset management

Design and construction management

Virtual MMIS(Man-Machine Interface Software)

Plant Digital Twin based on HEXAGON

(https://hxgnspotlight.com/pervasive-digital-twins-x-tending-enterprise-intelligence/) Sungjin Lee, ñBasic Concepts of APR1400 MMIS Digital Twin using Virtualization Technology

Transactions of the Korean Nuclear Society Virtual Spring Meetingò, July 9-10, 2020

Operation of Nuclear Power Plant based on Digital Twin



Fission Plant
¸ Commercially operating plant

¸ Huge data available from operating plant

¸ Well validated simulation

¸ Aim to improve the safety and efficiency 

Fusion Device
¸ R & D phase

¸ Limited data from experimental device (e.g. KSTAR)

¸ Simulation technologies are under development

¸ Aim to accelerate R & D by developing advanced 

digital twin ~ level 3



Design and construction management of fusion device ITER
(D. Keller et al, FED 2013)

Remote maintenance 

of fusion device JET
(Rob Buckingham et al, 

Nature Phys. 2016)

Virtualization of 3D 

fusion device LHD

(Hiroaki Ohtani et al, 

J. Vis. 2022)



Design of fusion reactor based on digital twin (UKAEA)
https://blogs.nvidia.com/blog/2022/05/30/ukaea-digital-twins-omniverse/

https://www.nvidia.com/en -us/on -demand/session/gtcspring22 -s41699/

Integration of Digital Twin and AI 

Tech (General Atomics)

Digital Twins for Science Q1 2024 Update.pdf (NVIDIA)

https://blogs.nvidia.com/blog/2022/05/30/ukaea-digital-twins-omniverse/
https://www.nvidia.com/en-us/on-demand/session/gtcspring22-s41699/


(Short term goal) Facilitation of data-to-day machine operation and experimental analysis

(Long term goal) Support simulation & analysis for machine upgrade and design



Integration of various fusion data in unified way

Enhanced 3D simulation & analysis capabilities based on digital twin technology

Bridging machine operation, experiment, and simulation in flexible & seamless ways  

CAD Data
Simulation

Code & Data

Experimental Data



Jae-Min Kwon et al, ñDevelopment of a Virtual Tokamak platformò, Fusion Eng. Des. 184, 113281 (2022)

Jae-Min Kwon et al,  ñProgress in Digital Twin Development of Virtual Tokamak Platformò, IEEE Trans. Plasma Sci. https://doi.org/10.1109/TPS.2024.3390159

https://doi.org/10.1109/TPS.2024.3390159


Digital Twin Data Server
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Key for integration of data with varieties of formats

Provide unified way to access legacy formats employing ITER-IMAS/HDF5 

Provide good integrity for real time data processing



Key to integrate & analyze fusion data on 

engineering design

Rendering &

Visualization

2D/3D Meshes
(with refinement & partition)

ÅData Analysis

ÅParallel Simulation

Defeatured CAD

De-featuring is necessary for CAD models with 

too much engineering details

Once de-featured, models are shared for 

visualization and generation of meshes for 

analysis & simulation



(for heavy lifting) Parallel mesh technology developed for 

US SciDAC project ïPUMI library developed by SCOREC 

in RPI (https://scorec.rpi.edu/pumi/)

¸ Unstructured triangular mesh for arbitrarily complex shapes

¸ Tools for parallel partitioning & load balancing, refinement etc.

Unstructured Mesh Generation

OpenCASCADE for CAD format conversion and mapping

GMSH for mesh generation for simulation & analysis



Detection of collisions between dynamically moving objects 

and machine components (e.g. fast ions injected by NBI, rays 

for diagnostics

2-phased collision detection: 1) broad phase to narrow down 

and 2) narrow phase to pinpoint down

Being developed as general C++ library



Plasma physics simulation based on CAD model

Monte-Carlo NBI simulation code NuBDeC (T. Rhee PoP 2019) for 3D tracing of fast ion losses, shine-through etc.

RMP code POCA (K. Kim PoP 2017) for 3D perturbed B-field tracing for footprints on divertor etc.

Synthetic diagnostic system based on CAD model

Code to design Ly-‌diagnostics for neutral particles on KSTAR:  3D tracing of line-of-sight and calculation of 

synthetic Ly-‌signals

Synthetic Ly-‌diagnosticsNBI fast ion losses on first walls



¸ Application for real time processing

¸ Suitable for laptop, mobile device

¸ Application for time consuming 

analysis, simulation etc.

¸ Require powerful computing 

resource

Utilize two popular graphic engines for game development



Virtual Tokamak Control Center (VCC)

¸Controlling connection between data server and visualization client via socket communication

¸Provide assets and tools for easy customization of user interfaces as Python application & library



Fusion device can be virtualized in multiple-ways according to userôs need by selectively combining 

those enabling technologies.

Various fusion simulations and analyses can be combined into the data flow with dedicated 

computing resources.
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Jae-Min Kwon et al, ñDevelopment of a Virtual Tokamak platformò, Fusion Eng. Des. 184, 113281 (2022)

Jae-Min Kwon et al,  ñProgress in Digital Twin Development of Virtual Tokamak Platformò, IEEE Trans. Plasma Sci. https://doi.org/10.1109/TPS.2024.3390159

https://doi.org/10.1109/TPS.2024.3390159


Real Time Monitoring

Å For streaming real time 

machine operation data

Å Real time 3D monitoring of 

KSTAR machine status

Post-Analysis

Å For simulation and diagnostic 

requiring long processing time

Å Integrated visualization and 3D 

analysis
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Various operational info (e.g. first wall temperatures, real time EFIT) can be visualized in real time
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Various operational info (e.g. first wall temperatures, real time EFIT) can be visualized in real time
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Provide flexible visualization options upon userôs choice ïmachine components, physics etc.



Real Time Monitoring

Å For streaming real time 

machine operation data

Å Real time 3D monitoring of 

KSTAR machine status

Post-Analysis

Å For simulation and diagnostic 

requiring long processing time

Å Integrated visualization and 3D 

analysis
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Employing automated simulation 

flow with dedicated computing 

resource

3D simulations requiring detailed 

machine geometry are well suited
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E.g. accurate 3D particle tracing and field mapping ïtheir footprints and impacts on 1st wall
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Bayesian Integrated Data Analysis (IDA) for more robust 

and reliable profile reconstructions by combining multiple 

diagnostics for single physics information

IDA modules (e.g. Thomson Scattering + Two Color 

Interferometry + Beam Emission Spectroscopy for ὲ) are 

being integrated for automated experimental analyses



We are actively developing high-fidelity engineering and physics simulations, along with more 

synthetic diagnostics based on CAD.

Synthetic ECEI diagnostics on 

turbulence simulation data from GK code gKPSP
High-fidelity Supercomputing Simulations 

for eddy currents, plasma physics etc.


