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THREE LEVELS HIERARCHIC CONTROL SYSTEM

Level Name Level Function
Decision-making
L. Intellicent Level Se_lf' ) Self-learning,
- niefligent Leve r—> Organization Self-configuring
A|gorithm Self-optimizing
A
A
Adaptation : :
II. Adaptive Level | P ith Adapting Basic Controller
Algorithm to Time-Varying Plant
A
. Stabilizing of Plant Outputs y
- Basic Control Level Robust  fe— or Tracking of References r
Controller !
General Feedback Loop
Disturbance _
Noise
{ e
v Controlled Sensor Yy _
— Actuators p—» ——>

Process Networks




Case Study 1: WHY IT IS DIFFICULT TO CONTROL
PLASMA?

complicated multi-linked (Multi-Inputs Multi-Outputs) plant:
each input action influences on the main output signals

contradictory conditions for operation of various control
channels in attempting to act on several plasma parameters
simultaneously

contradictions are enhanced because of nonlinear
Interactions via plasma between separate feedback circuits

absence of reliable and understandable plasma models for
controllers design

non-modeled process dynamics

unobserved disturbances

saturations of input actions and output signals
wideband insufficiently known noise in output signals
non-minimum-phase dynamics

time-varying parameters



PROBLEM STATEMENT OF PLASMA MAGNETIC CONTROL
DURING LIMITER AND DIVERTER PHASES
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Vertical cross sections of ITER

Magnetic plasma control system is to:

» stabilize plasma vertical speed around zero

* track gaps between plasma boundary and 6 reference points moving in space along
predetermined trajectories & track plasma current reference signal

* stabilize plasma shape and current at flat-top phase 6



NON-LINEAR DYNAMICAL PLASMA MODEL IN TOKAMAK
REALIZED ON “DINA” CODE

Kirchoff Equations for magnetic contours
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Linearized Equations for Controller Design
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PLASMA MAGNETIC CONTROL SYSTEM IN ITER

VS Scalar Loop
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Plant and Identified Models Testing

Setpoint and vertical speed, m/s
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2"d Order Closed Loop Transfer Function
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2"d Order Open Loop Transfer Function
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DECOUPLING CASCADE CONTROL SYSTEM DESIGN

Internal Decoupling Cascade with P-controller
Reduction and CS&PF
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DECOUPLING CONTROL SYSTEM SIMULATION

Tracking of Gaps 1-3
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1 p CONTROLLER DESIGN
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MODEL PREDICTIVE CONTROL WITH CONSTRAINTS
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CONTROL SYSTEMS MODELING ON FLAT-TOP PHASE AT MINOR DISRUPTION
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PLASMA CURRENT PROFILE CONTROL SYSTEM
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FEEDBACK SYSTEM WITH NEURAL NETWORK CONTROLLER
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DEVELOPMENT NEEDS AND INTENTIONS

HICONT Concept

Development of generic principles of levels interaction of hierarchical
control system proposed

Case Study 1

Development of adaptive plasma magnetic control system on plasma
current ramp-up phase by switching controllers accordingly plasma
current value

Development of plasma magnetic control system taking into account
voltages and currents saturations of CS&PF colls

Identification of plasma current profile taking into account plant
dynamics

Design and modeling of plasma current profile control systems with
adaptation to the temperature on magnetic axis

Development of plasma control systems on the base of neural
networks and fuzzy logic

Case Study 2

Development of temperature profile control system of Crude Distillation
Unit to minimize product variability and maximize yield improvement
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CONCLUSIONS

Hierarchical control system concept proposed is supposed to lead to
natural interaction between robust, adaptive and intelligent levels
including expert decision making function

There is the groundwork in HICONT consortium of scalable
decoupling, H.,, MPC systems for plasma magnetic and kinetic
control to advance in adaptive and self-organizing systems

Design and modeling of adaptive plasma magnetic and kinetic
control systems on plasma-physics code DINA have to improve
stability margins and performance in stabilization and tracking modes

Application of neural networks and fuzzy logic to plasma control is
assumed to improve systems flexibility in the presence of plant
uncertainties

HICONT groundwork is supposed to make possible to generate
technical solutions for development of Crude Distillation Unit control
system
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Thank you for attention!
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