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>390 signals at 10-250 kHz and >10
cameras at 1kHz to be interfaced

Multi actuators experiment:16 PF coils,
2 Ohmic coils, 8 launchers, >3 gas
valves, 6 gyrotrons, 2 NBHs

Demanding? constraint on main plasma
control cycle time (<100 us, 10kHz)

Plant-wide real-time distributed system

Control research experiment: control
system flexible and quick to implement
new ideas but rigorous enough to
maintain the good ones.

+Flexible digital control system
(100% Simulink-programmable)
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=PFL  The digital real-time control system

= > 10 years continuous development -> mature system

= Control code mainly written and maintained in Simulink and autogenerated
for MARTe2 capable systems, all data stored in MDSplus

= New: introspective generated code, fully and automatically interfaceable to
MDS+ for its run-time configuration

= Various types of interconnected control subsystems:
« Low latency systems for hard real time control at fastest rate

» Oversampling systems for fast diagnostics acquisition followed by complex real-
time analysis algorithms

» Multi-core computational systems for CPU hungry codes
» Real-time vision nodes for vision in the loop systems

» EtherCAT for fast, flexible, distributed and cost effective I/O interconnection
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Node 5 and 6:
Multi CPU Computational node
Typical rate 1 kHz

3.5 GHz CPU
(Intel i7 6 cores)

3.5 GHz CPU
(Intel i7 6 cores)

Node MANTIS:
Realtime vision node
10x Typical rate < 800 Hz
multispect
ral h
imaging (8
system
Node 7:
Multi CPU fast magnetics
analysis node
Typical CPUs rate 1 kHz
72 fast ) Typical sampling rate 250kHz
magnetic
probes +
24 saddle\’\A
loops
Node 8:
Multi CPU fast ECE
analysis node
Typical CPUs rate 1 kHz
Typical sampling rate 250kHz
54 ECE

channels \’\A

3.0 GHz CPU
(Intel i7 8 cores)
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RFM network (ring)

Node 1:
Soft X-ray, Te & density
Typical rate 10kHz

2021 top view

64 DMPX Soft X-Ray
channels

4 X Te channels

14 FIR (density)
channels

2.1 GHz CPU
(Intel core 2 duo)

134 Magnetics

1 density (central FIR)
4 diamagnetics loops
21 coil currents

12 photodiodes

Node 2:
Multi CPU node (release)
Typical rate 10 kHz

3.3 GHz CPU
(Intel i9 10 cores)
1=
Node 3:

Multi CPU node, (debug)

14 ECRH refs

35 coils power supply
cmds

3 gas valves
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Hardware highlights

134 Magnetics

1 density (central FIR)
4 diamagnetics loops
21 coil currents

12 photodiodes

Node 2:

Multi CPU node (release)
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Twin multi-core computer
main machine control system

The two computers can run
real-time code in parallel on
the same discharge (only 1
controlling it though)

10 kHz control rate on 192
inputs — 64 outputs system

» Articulated EtherCAT network

for agile low bandwidth — low
I/O systems interconnection
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=F7L  Control code handling
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for IOH control
obj=SChclass_algo( 'SChalago hybrid');
obj=obj. settiming(-4 5,61e-4,63),
obj=obj. addtunparamstruct{'SCDalgo_hybrid_tp'}),
obj=obj. addparameter(SCDclass_mdsparmatrix ('\pcs::phys_mat_a',
obj=obj. addparameter(SCDclass_mdsparmatrix {'\pcs::phys_mat_m',
obj=obj. addparameter(SCDclass_mdspar3Dmatrix {'\pcs::phys_mat_qgl',
obj=obj. addparameter(SCDclass_mdspar3Dmatrix {'\pcs::phys_mat_g2',
obij=obj. addparameter(SCDclass_mdspar3Dmatrix ('\pcs::phys_mat_g3',
obj=obj. addparameter(SCDclass_mdsparfixdimvector {'dim_of(\pcs: phys_mat_addresses . G)',
obj=obj. addparameter(SCDclass_mdsparfixdimvectorint ('\pcs: - phys_mat_addresses - G',
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MARTe2 based control architecture

TCV diagnostics
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EPFL  Supervisory actuator manager and off normal
event handling e

E T
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= Complete configurable plasma supervisory, i B on i T e 15 17
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=P*L Viision in the loop detachment control

TCV #63193 1=0.505 0.4y
1 — 111
0.3 p|——NII

refyrr

= Divertor detachment front detected in
real-time through vision processing
algorithms

front a-point

= 0D detachment signal used to control
detachment via SISO controller acting
on a fuelling or seeding valve

T. Ravensbergen et al., Nature Communications 12, =
1105 (2021) — b= o

N
o Sui J.T.W. Koenders et al., 47th EPS Conference on s =
Plaama Plasma Physics (Virtual), P1.1058, June 21-25, 2
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=PFL  Conclusions and outiook

= TCV has a state of the art, powerful and flexible digital control system

= Together with the extreme flexibility of the machine, this promotes TCV
as a cutting edge facility for plasma control experiments

= A number of domestic and international control activities have been
done and are ongoing on this topic

= |ts software architecture is very general yet robust, it has allowed the
seamless cohexistence of several control modules (e.g. basic plasma
control together with advanced actuator manager)

= The system will be expanded in the future by adding additional
diagnostics nodes (e.g. real-time Thomson scattering) alongside pure
processing nodes
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