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Integration the visualization of data with EAST model

EAST design
and engineering
models

Detailed
diagnosis
information

Detailed
magnetic
measurement
information

Simulation and
analysis results
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Virtual Tokamak

EAST model visualization
Data visualization
Database

MySQL

MDSplus

Rendering time<5s
Framerate>40FPS

- In order to realize fusion
we need to resolve many
scientific and engineering

energy,

challenges.

— The operation and maintenance of
fusion device in the limited space

are also a critical subject.




The procedure for the visualization of EAST

Original CAD Data ‘ fbx Format ‘ Retopology ‘ Rendering

— The EAST tokamak is chosen as the target device in this development.

—  EAST consists of numerous components. It is upgraded every few years.

- (Catia is used to design and create the EAST model. The sizes of the catia data are about 3GB.

—  Unreal Engine 5 is chosen as the main development tool to render the EAST model and visualize
the relevant data.

— The detailed Catia data is not suitable for the game engine. It is essential to convert the
highmesh data into low polymesh forms.

- 3dsMax is used to simplify and optimize the model. //zjjjj;:;::
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The previous work about virtual EAST

Data visualization Magnetic probe virtual installation Installation in realistic scene

- In the previous work, EAST model visualization has been realized for diagnosis components virtual
installation. Particle trajectory data has been realized in the EAST.
- EAST divertor has been upgraded in recent years. The performance of virtual EAST has been improved.

More comprehensive data visualization has also been attempted to be incorporated into the system. A///ﬁzﬁfji::::
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Platform architecture

Dt Client/User - According to system requirements, some
model files like CAD or Catia files and EAST
photos are collected.

Unreal Engine - In order to visualize 3D data, Machines
Platform nrallE e data, experiment data and diagnostic data
3D EAST Roaming VR Visualization are read or exported.from database. |
System Components , -  Unreal Engine 5 is chosen to realize the
Requirements Visualization s '
Naviaation system. In the system, 3D EAST roaming and
Data Visualization 9 .
CAD Files Simulation g:tn;lzz::v“tsv'ew components visualization are implemented.
Catia Files User Interface — Three kinds of data are visualized.
Photos System Call -
e T .Ip the Servert Data storage and
Experiment Data optimization are realized. Data can be read
: o
Diagnostic Data e @ ElLements from MDSplus.
@  Actors -  In the Client, components can be chosen
Data Storage to display or hide in the tree list.

Modeling 'l\!ne;;;:rl:\se Server
Optimization
Algorithms

Designers
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Underlying framework

- Real time and history datase

are deployed to store relevant
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Virtual EAST
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Magnetic Field Visualization

EAST Magnetic Probe
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- The toroidal magnetic probe (two—dimensional structure, 38 sets
in the toroidal direction) is used to measure the internal magnetic
field of the vacuum vessel, primarily for plasma shape inversion and
equilibrium control.

- 38 magnetic probes correspond to 38 signal names,

and each

signal can measure the magnetic field value at a certain moment.
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View the magnetic field in Webscope.
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3D magnetic field visualization

3IDEE S

In 2D space, 38 values are set to the 38 points.
Rotate the contour to render 3D magnetic field
visualization.
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EFIT

2D Magnetic Field

-  Solves the problems of plasma two—dimensional balance in tokamak

GFILE

- Standard output file of the EFIT program

- Standard input file format of some other programs
flux value of calculation grid, plasma

—  The number of grid points,
boundary location, plasma profile information

Read Draw Assign I Set
GFILE ‘ grid value number
grid lines Assign magnetic number of

flux value to grids isolines

Render Set Draw Draw
= — . 4=
result angle line contour
2D magnetic field rotation angle boundary

visualization

magnetic flux

EFITD 08/02/2006 #103519 4200 3 129:129
0.140000000E+01 0.240000000E+01 0.185000002E+01 0.120000000E+01
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2D Magnetic Field

Contour of Magnetic Flux Data Visualization in Virtual EAST

EFBEFILRE

Time=4200s




Poincare plot of 3D magnetic field perturbations

L km) » Under ideal condition, the magnetic flux

surface in tokamak is nested torus and
toroidal axisymmetric.

» With the resonant magnetic perturabion
(RMP) application, the 3D magnetic
topology i1is changed and the magnetic field
became toroidal asymmetry.

1) The radial perturbed fields broke the
‘I’ rational surfaces to create island chains;

.

Z(m)

2)the overlapped island chains in the edge
creat a stochastic layer;
3) the perturbed invariant manifolds of the

.Aiiiir separatrix creat homoclinic tangels around
the X-point.
e e 222 [M. Jia et al 2018 Nucl. Fusion 58 0460151

R(m)

[M. Jia et al 2016 Plasma Phys. Control. Fusion, SSW
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Poincare plot of 3D magnetic field perturbations

-  The figure shows an example of combined
geometry of the machine and the 3D magnetic
topology, represented by a Poincare Plot on
one toroidal position of the resonant
magnetic perturbation application in EAST.

aseer

- The visulization of the 3D magnetic topology in
the machine provide an intuitive background which
can help researchers analyse other experimental

observations.
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 Data visualization of Magnetic field visualization, 2D
Magnetic field and Poincare plot of 3D magnetic field
perturbations was completed and integrated into virtual
tokamak system.

* Detailed data processing procedure and visualization steps
were specified.

e Additional data visualization will be realized and added to
the virtual environment.

 Experiment data will be fetched from the database and
rendered in real-time.
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