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Control for Fusion
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- Physics-based inversion and prediction are
sometimes slow and/or not much accurate
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Control for Fusion

Data-driven components within physics-based framework
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Control for Fusion

Fully data-driven framework

Allied diagnostics
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Fusion Has Huge Amounts of Data:
How to Utilize This for Control?
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How can we bring this immense information into prediction and control?
10’s of diagnostics and actuators
100’s of channels
Different time and spatial resolutions
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Multi-Modal ML for Synthetic "Super Resolution” Diagnostics
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Validation: Capturing ELM with Super Resolution Thomson

Scattering

Magnetic probe
ECE

Thomson scattering
CER spectroscopy
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Discovery: Diagnostic evidence of RMP mechanism on the plasma

boundary
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The Chebyshev filter is used to derive a
statistically reliable time trace of the profile,
leveraging the enhanced temporal resolution.
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Conclusion and Future Work

- We showed that ML can learn the correlations among diagnostics using
historical data

- It was validated by capturing ELM events in selected DIII-D discharges

- Diag2Diag is (to our knowledge) the first implementation of multi-modal ML for
generating temporal super-resolution diagnostics. Eli E

- Such approach can be used for discovering hidden physics
Diagnostic evidence of RMP mechanism on the plasma boundary > .
o Next Steps arXiv:2405.05908

Temporal/Spatial super resolution of diagnostics at DIII-D and other machines
Minimum set of diagnostics (FPP-relevant)

Continue with Diag2Diag prediction

Use Diag2Diag for scenario design and control

Application on other fields (astronomy, health, robotics)
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Thank you!
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System: Fusion Reactor

The system is monitored
by several diagnostics.
Each has its own
charactersitcs such as
temporal and spatial
resolution, line of sight,
position relative to the
events happening within
the system.
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Diagnostic (A)
fails to observe
fast (or small)
events due to
its low
temporal (or
spatial)

The super
resolution
diagnostic (A)
is generated
by feeding the
Diag2Diag
with the full
resolution of
inputs.
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Structure of 3D coils and islands by perturbed
field and evidence of RMP-induced island
mechanism on the plasma boundary in DIII-D
shot 157545.

The Chebyshev filter is used to derive a
statistically reliable time trace of the profile,
leveraging the enhanced temporal resolution.

+10

Schematic of plasma islands
3D Field amplitude [G]
o

3D coils for RMP¢

Island 1 2.3

Magnetic
Island 1

Normalized radius [a.u.]

-10
” Pedestal Top Foot = Island 1 23
b 1 11 c 1 11
1 11 1 11
i 1 11 3 I 11
g 1 | ) &= I —_
=| = ny £ ! 3
1l BT | o S
3| = 1| o 2 o
e - (4
|2 | = 1 §
«» 0.5 1 g !
—— 0 ms after RMf off L :
— Sms 1 I 1
— 10 ms - T : 1
0 0 -100
1.5 o T TT
I I
-20 I
—_ (I
—_— 1 "‘E - lb
w| > < 3 -40 I
o ) ©
o | = 2 = 1 1
Q= 2, & I I
Bl os N = I I
3 I I
-80 1 1
1 1
g
0 -100 - L
09 092 094 096 098 1.0 09 092 094 09 098 1.0 0.9 092 094 096 098 1.0

Normalized radius [a.u.]

Normalized radius [a.u.]

A. Jalalvand / Aug 2024

Plasma
Control




r aELM observed by SRTS @ Measured TS mm= SRTS === Dq ELMobserved by both TS|

______
TS n, [10*°m~3]

e e e e e e T
| + Aggregated TS for all ELM cycles
| b. Q00 TS forone ELM cycle at 3795ms
I ==—__ SRTS forone ELM cycle at 3795ms 6
5

|
17 ¢

g

o 4 A 3
s
1 =,
I
I o :
| -20 0 20 40 60 80
I Normalized cycle time relative to ELM
|
1
: /
I

, ////' "

U L) / :
Z ;"’,’!3//%{/!!/ i

I 20 0 20 40 60 80 100 0.40-3
. . . 3796 0 '
| Normalized cycle time relative to ELM - 3800 g07 o Zi™ |
Ime (ms) \oC o
\

A. Jalalvand / Aug 2024

Plasma
Control



\ 4

rox|-8]]

First wall

Plasma boundary
Magnetic probe
ECE

CO2 Interferometer
Thomson scattering
CER spectroscopy
MSE

3200

b. C.
N 54 5
n T L P «
o 4“”\’*\*\,, [ ]
= (2]
N o . . . . 0 . . . . .
N . .
5 r o 4
o N\
24 b o o
O < ___~_.,_,.—-———"”_dr’ﬂ \\~\\~‘____ 5 ® o 0 ¢ 0 o ¢
0 : : : : : : : : .
N =517 =51
oI
= = —10 -10-
< Wm N ANAINAA AN\
-15 : : : : -15 : : : : .
N
w T °
3 = 50
) 417
m 2'5 T T T T T T T T 1
N £ 2.50 -
h [riad
S E§ ? -——-—_——-————-""'_r’d -‘~“-- 225-““"""'“““"k\r~u~u-ruvﬁ\«uu-nﬂn-
©s
< o0 : : : : 2.00 : : : : .
(]
SN 25 20
8 I
2 i
= -25 ; ; ; ; -20 4 ; ; ; ; .
T
. | u
Q
o
e}
0 ety T 0 T T T T
2600 2800 3000  3200°~._ 3400 3150 3160 3170 3180 3190
~
. ~ .
Time (ms) Ssel Time (ms)

A. Jalalvand / Aug 2024

Plasma
Control



TS n, [10%m=3]

TS Te [keV]

2.0 1

1.5 4

1.0

0.5 A

0.0 1

____+---+$/\

'+~\+ 4

I~

---: Diagnostic uncertainty

+ SRTS uncertainty

0.8 A

0.6 A

0.4 1

0.2 1

0.0

A. Jalalvand / Aug 2024

0.600 0.625 0.650 0.675 0.700 0.725 0.750 0.775
Z(m)

Plasma
Control



Coupling of diagnostics via events and physics
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