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can systems that obey the laws of quantum mechanics be efficiently
manipulated to create desired behaviors? Ultimately, quantum control is
concerned with how the classical world interacts with quantum devices. It
guides researchers in gaining information about system dynamics through
measurements and enabling useful performance in computing, sensing, and
metrology.

Open-Loop Control

In open-loop control theory, the series of operational instructions do not rely on any
measurement. This can be thought of as a linear, one-directional operation for simplicity.
As shown in figure 1, the controller specifies a set of operational protocols that need to
be executed for the system to function as desired.

The quantum mechanical version of open-loop control closely obeys the operational
principles of its classical counterpart. The similarities in both quantum and classical,
open-loop control methods are that they do not need to be updated with a measurement
from the system.

Some variations of open-loop strategies for quantum systems are variable control,

. (a) control
Lyapunov-based control, and incoherent control. .
actions
controller ~———— system ——
(h) control
tions
Closed-Loop Control actions
controller ——— system S
Closed-loop control requires a measurement 1
of the system being controlled. As shown in
Feedback

figure 1(b), measurements are carried out on

the system which are actively fed back to the

controller. The controller uses the data

acquired from the measurements to adjust

different parameters. A closed-loop

controller uses the feedback data to augment the system's output.

When closed-loops control techniques are applied to quantum systems, noise is
introduced. Many control algorithms have been developed to characterize the noise
contributions in quantum control. Closed-loop learning control, quantum filtering, and
direct and indirect feedback control are some of the strategies used to mitigate noise in
quantum control.
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