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Challenges facing nuclear fusion: 

 

• Containing the extremely high temperature plasma 

• Confining the plasma in a strong magnetic field 

• To confine the plasma, plasma fluctuations must be controlled 

 

Our research focused on solving these challenges using an open-loop 

extremum seeking algorithm and a closed-loop feedback controller. 

HELCAT Device    

• HELCAT is a linear plasma device using magnetic 

fields to control high temperature plasma  

Ring Electrodes 

• The concentric ring 

electrodes modify the flow 

profiles 
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• First approximation for the optimal ring inputs can be obtained using the 

open-loop extremum seeking simulations 
 

• Fine adjustments of optimal inputs is completed via the feedback controller 
 

• Simulations show that it is possible to design a multi-parameter, extremum 

seeking, adaptive controller for shaping of the flow profile in HELCAT 
 

• Optimal Control methods (LQI) showed that while we can track the states in 

closed-loop design, more research is needed to determine the limits of the 

momentum source strengths  

• A multi-point probe already under development will allow for the 

measurement of the flow velocity at various locations 
 

• This probe will allow for the implementation of the extremum seeking 

algorithm and feedback controller on the HELCAT device 

We would like to give our sincerest thanks to Professor Schuster and graduate student Zeki Ilhan for their help. 

• Partial differential equation 

governing the dynamics of 

velocity flow  

• To enable the closed-loop control design, the 

state-space model is used for 19 states 
 

• The 19 states approach their target profile 
 

 This shows the effectiveness of state-space 

 modeling for controlling 19 states in a 

 closed-loop design 
Figure 4: Vθ flow profile at t=250msec 

Figure 5: Comparison of the 

target and flow profiles at 

250msec  

Figure 6: Time evolution of 

the optimal torque inputs 

Figure 7: Time evolution of 

the optimal states 

Figure 1: Evolution 

of Cost Function 

Figure 2: Evolution of torque 

input at channel 3 
Figure 3: Final Velocity Profile 

at 250msec 

Extremum Seeking Diagram 

• Extremum seeking used to 

minimize cost function J by 

changing θ 

Results: 

Flow Profile Model: 

Feedback Controller: (Closed-Loop approach) 

The Cost Function 

approaches zero 

• This shows the  

RMS difference 

between the target 

and achieved 

profiles is being 

minimized 

The torque input 

approaches -20 

• This shows the 

torque input tracking 

to its desired value 

The Final Profile 

approaches its target 

profile 

• This shows the  

effectiveness of the 

extremum seeking 

method at matching the 

target profile 

• Flow profiles were successfully tracked for 1, 2, 3 and 4 parameter examples 
 

• Randomly generated profiles were tracked by predetermined parameters 
 

• Successful tracking was achieved for randomly generated profiles in 60% of the 

three parameter cases, and 80% of the four parameter cases  

 

State-Space Modeling 

Linear Quadratic Integral (LQI) Controller 

The LQI method was proposed to minimize the cost function of the inputs, tracking 

6 states we looked to optimize the torque inputs 

The 6 states track 

their target values 

• This shows the 

effectiveness of the 

LQI method  

The torque inputs 

decreased over time 

• This shows large initial 

control efforts are 

required, an issue 

requiring further research 

The 6 states approach 

their target values over 

time 

• This shows the states’ 

response to the 

feedback over time 

The partial differential equation was reduced in order to implement closed-loop design 
 

• State-Space modeling successfully tracked 19 states  
 

• LQI Optimal Control modeling showed the practicality of tracking 6 states 


