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Envisioned Plasma Control Structure

Pulse schedule
• What to do: 

control goal 
priorities

• FF trajectories for 
actuators (n 
sources)

Discharge Supervisor
• Distribute references and resources between control goals
• Monitors controller performance and reacts on exceptions
• Collects information about actuator availability
• Distributes references and control modes to controllers

RT diagnostics & 
state reconstruction

Controller
• Control law execution
• Control mode, limits

Control mode, 
Reference

Plant 
status

Virtual actuator 2
• Distribute command

Virtual actuator 1
• Responsible for sources 

assigned to the CG
• Computes FF part of the 

controller in physics units
• Computes limits

Performance

Assigned Actuators 
FF commands

Limits, FF component

Command to 
distribute 

Actuators
• Receive command (e.g. 

normalized power) at each 
cycle

Actuator status 
information

Measurements

Virtual actuator
• An object containing real actuators, not necessarily of the same type
• Arbitrary number of actuators for one control goal: done for ECRH
• Actuators selected in Pulse Schedule and sorted by priority

Before: Now:

Controller

Actuator
• E.g. ECRH 1

Controller

Virtual Actuator

Actuator 1
Actuator 2

Actuator 3 Actuator N

• Virtual actuator computes FF component for the controller
• Supplies also upper and lower limit to the controller

Virtual Actuator

Actuator 1

Actuator 2

Actuator 3

Actuator 4

Pulse
schedule

Direct commands to
some of the 

actuators are 
allowed. Can not be 

changed by VA! 

Controller

Upper limit: 
power available in 
all actuators in VA

FF power in W. 
Direct commands 
are included here

Lower limit: 
power in direct 

commands

• Virtual actuator distributes power to actuators with highest priority

List of actuators 
sorted by priority

Conclusion & Outlook
• Virtual actuator proved to be a useful concept for several applications
• The following steps will be taken for further development:

• Dynamical allocation of gyrotrons to VA will be implemented
• More virtual actuators will be introduced to allow additional

replacement strategies
• Extension of the VA concept to additional heating and CD sources: NBI

and ICRH

Experimental use cases
1. βp control in I-mode 

discharges
• I mode requirement: βp in narrow 

range => FB control
• 3 gyrotrons used for control: gyr

3,4, and 1 
• 2 gyrotrons on, but not under VA
• Power distributed to the gyrotrons 

with the highest priority
• Controller keeps βp mostly around 

desired value and helps to keep I-
mode 

Shot 35760

2.   Te profile control
• Goal: keep Te profile constant 

while swapping NBI/changing 
density

• Measurement: RAPTOR Te profile
• 2 virtual actuators: on-axis and off-

axis
• Each of the VA has 4 gyrotrons 

pointing to the same location
• 1 gyrotron in the center always on 

to avoid impurity accumulation 
• Te profile (almost) matching 

reference when density increases

3. Density limit disruption 
avoidance [see B. Sieglin, this 
conference]

• Goal: keep discharge away from 
disruptive zone in the parameter 
space of critical density fraction 
and H98 by ECRH central power

• Replacement of tripped gyrotrons
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