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Simulation ResultsAbstract

The TRIUMF ARIEL superconducting cavities must be able 
to operate with cw beam or pulsed beam.  To achieve the 
necessary degree of field regulation under heavy beam 
loading conditions, adaptive feed-forward control such as 
Iterative Learning Controller must be used.  The stability 
regime for beam loading is quite different from most ILC 
investigated in literature, where only the disturbance is 
often the setpoint changes.  Theoretical formulations and 
Numerical simulations  have shown that using a non-causal 
moving average filter of only a few time samples can 
provide rapid convergence and stability. 

LLRF Iterative Learning Controller for 
TRIUMF ARIEL Superconducting cavities
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LTI system

k defines the repetition domain

t is the normal time domain

First order PD update rule
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“Lifted vector” Framework

Causal Learning filter

Non-Causal 
time invariant averaging filter
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Asymptotic stable1,2

Robust monotonic convergence1,2
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State space representation

P is the plant transfer function, which in our
case is the closed loop gain.
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Spectral radius
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for error

for control effort

Hardware/Software Block Diagram

Z-domain Block Diagram

Time-domain Block Diagram
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ILC stopped at j=300
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Exhibit bad learning transient behavior
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frequency domain

Frequency domain

P is always a lower triangular Toeplitz Matrix
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