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Problem Description

Kinetic Control

The goal of the controller is to make the 
kinetic (density and temperature) radial 
profiles converge to their desired 
equilibrium profiles. 
We are interested in constructing a 
stabilizing controller that:

achieves stability for unstable 
equilibrium profiles

increases performance for stable 
equilibrium profiles
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 Burn Control
MHD Instability Avoidance
High-beta and High-confinement modes 
access Confinement Time Improvement
Transport Reduction

Why do we want to control
the kinetic profiles?



Model – Non-Burning plasma
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Equilibrium Profiles
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Deviation Equations - Energy
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Deviation Equations - Density
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Deviation Equations – Boundary Conditions
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Deviation Equations
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Controller Design – Method Summary



Controller Design – Discretization Method
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Controller Design – Discretization Equations
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Controller Design – Discretization Equations
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Equilibrium Profiles
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Controller Design – Target System
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Controller Design – Discretized Target System
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Controller Design – Target System - Stability

( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( )

dr
T
mFrDdrF

k
DrdrmrDdrmCF

k
Cr

aFam
aE
anamamaF

k
aFaaD

drmrCdr
r
F

E
n

r
mrD

r
m

r
F

E
n

r
mrDm

drFr
k
Cdr

r
FrD

kr
FrD

k
F

drmC
r
F

E
n

r
mrD

rr
mFC

r
FrD

rrk
Fr

drmmF
k
FrV

rra
r

a
r

aa
m

F

rrr

a
m

a
a

aFa
a

mF
a

a

 
~~

3
1 ~ ~

2
3 ~~    

~~
2
1~~

2
3~~

    

 ~ 
~

2
1~

2
3~~

2
1~

2
3~    

 ~ 
~1~~

    

 ~
~

2
1~

2
31~~~1~

2
1    

 ~~~~

2
1

0

2

0 2
2

00

22
2

2

0

2

0
0

0

2
2

2

0 2
0

2

20

0

2
2

∫∫∫∫

∫∫

∫∫

∫

∫

+−−





 +−









−+=

−







∂
∂

−
∂
∂

∂
∂

−







∂
∂

−
∂
∂

+

−







∂
∂

−
∂
∂

=





















−
















∂
∂

−
∂
∂

∂
∂

+







−








∂
∂

∂
∂

=









+= &&&

drm
k
FrV

a
 ~

~

2
1

0

2
2

2

∫








+=



Controller Design – Target System - Stability
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Simulation Results

Figure 1-a: Energy Profile Evolution Figure 1-b: Density Profile Evolution
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Figure 2-a: Energy Modulation at the Edge Figure 2-b: Density Modulation at the Edge
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Figure 3-a: Energy Profile Evolution Figure 3-b: Density Profile Evolution
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Open Loop: Energy Profile Evolution Open Loop: Density Profile Evolution
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Closed Loop: Energy Profile Evolution Closed Loop: Density Profile Evolution
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Closed Loop: Density Profile EvolutionOpen Loop: Density Profile Evolution



Future Work

A zero-dimensional model of the tokamak scrape-off layer will be 
used as a complement of the one dimensional model for the core. This 
will allow to work with more realistic boundary conditions and therefore 
more realistic profiles. In addition, this will make possible a study of 
feasibility of achieving the necessary modulation of the kinetic variables 
at the edge by physical means.

Actuation directly in the core of the plasma would be considered if 
necessary.

A burning plasma model will be considered.

A more updated set of correlations will be used for the physical
parameters of the model.

The problem of simultaneous control of the kinetic and current 
profiles will be studied.


