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ABSTRACT

CONCLUSION

 Optimising the performance of tokamak operation needs a holistic approach with a
focus on the effective interplay of all control system components.

 Control performance must account for individual function performance and the
performance of the integrated system.

« The ASDEX Upgrade Discharge Control System (DCS) addresses these aspects
by robust algorithms for measurement data processing and state estimation, a
versatile feedback control suite, actuator management and customisable pulse
supervision control, reacting to events and plasma state conditions.

 Performant operation should start with proper preparation of scenarios and control
strategies. Fenix, a fast “flight simulator” assists in scenario design, validation and
control method development.

 Optimisation methods and experience should be applicable to even larger and
more complex fusion devices such as ITER and DEMO.

STRUCTURAL OPTIMISATION FUNCTIONAL OPTIMISATION ORGANISATIONAL OPTIMISATION

« Performant tokamak operation is a moving target with structural, functional and
organisational aspects.

« Efficient structuring of the control system and workflows is the most persistent
iInvestment.

 Real-time diagnostics, model-based observers and actuator management are key
components for precise and efficient feedback control.

« Machine learning is expected to resolve computational bottlenecks in equilibrium
and transport solvers or in pattern recognition for control in real-time.

« Rule-based shot sequence automation for parameter studies or scenario
optimisation can save significant experiment time.

 Flight simulators like Fenix accelerate the turnaround time from design to
exploitation by proper pulse preparation and control room validation.

Architecture addresses performance requirements: Enhance the performance of individual functions: Efficiently use the experimental time: thorough pulse
reliable, flexible, maintainable, separation of concerns precision, stationary errors, overshoot, response time, planning and validation, compacted execution using
cross-coupling, disturbance rejection, robustness automation

DCS: modular control system framework adhering to
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AUG plant, fast control room validator; under development
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