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Real-time control of the plasma current profile and pressure is essential in tokamaks for both the

attenuation of plasma microturbulence and the mitigation and suppression of global Magneto-

Hydro-Dynamical (MHD) instabilities. Therefore, various related numerical and experimental

studies have been pursued on different tokamaks, such as JET, DIII-D and TCV. In this work,

we develop, evaluate and compare various real-time control schemes, both numerically and

experimentally, for the tracking of the internal inductance parameter, li, and the poloidal beta,

βp, in H-mode steady-state scenarios on the EAST tokamak. The control actuator is the 4.6GHz

Lower Hybrid Current Drive (LHCD) system with coupled powers between 1 MW and 2.5 MW.

In order to identify the li and βp responses with respect to the coupled LHCD power, a

few experiments were performed, with the LHCD power tracked to carefully designed chirp-

ing, pseudo-random binary sequence and sum-of-sines trajectories, respectively. A linear state-

space model was then identified by applying a dedicated algorithm [1] on the modulated exper-

imental data. After balanced model reduction, three control schemes, namely Simple Internal

Model Control with Proportional Integral (SIMC PI), H-infinity Robust Control (H∞) and Lin-

ear Quadratic Integral (LQI) were developed for li and βp control (with 20ms sampling ∼ τE).

All schemes were cascaded with the SIMC PI LHCD power feedback control (1ms sampling)

and evaluated. Moving average filters were used for noise removal while a Smith predictor

was designed for time-delay compensation. Extensive linear simulations indicate that the three

control schemes can all achieve li and βp tracking but the SIMC PI controller performs best.

Initial experiments for li and βp control have been carried out using two control schemes, i.e.

SIMC PI and H∞, in EAST H-mode steady-state scenarios. Results show that these two con-

trol schemes can both track βp to different targets successfully. Consistent with the simulation

results, the SIMC PI controller performed much better than the H∞ controller. For li control,

perfect tracking was achieved with the SIMC PI control scheme.
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