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Abstract:
Many applications in control of quantum systems involve controlling a large ensemble, on the order of Avogadro’s 
number, by using the same control input. In practice, the elements of an ensemble could show variations in the 
parameters that characterize the system dynamics. A canonical problem in such applications is to develop external 
excitations (control signals) that can simultaneously drive an ensemble of systems with distinct dynamics from 
an initial state to a desired final state. Form a viewpoint of mathematical control theory, this is a very challenging 
state transfer problem because it requires steering a continuum of parameterized dynamical systems between 
points of interest in an infinite dimensional state space with the same control function that is insensitive to the 
parameters. We call such problems Ensemble Control. This rising area raises new and unexplored questions 
about controllability, computation, and optimal control of such systems. A systematic study of these systems 
has immediate applications to promising areas, such as Nuclear Magnetic Resonance (NMR) spectroscopy and 
imaging (MRI), and moreover it makes new methods to analyze dynamical systems with parameter uncertainties, 
which are ubiquitous in all areas of science and engineering. In this talk, I will introduce ensemble control 
and the notion of ensemble controllability. In particular, ensemble control will be motivated by pulse sequence 
design problems in NMR and MRI. I will present new methods to study controllability of ensemble control 
systems. This work leads to the design of compensating pulse sequences in magnetic resonance research 
and coherent spectroscopy. I will then extend the concept of ensemble control to general control systems, e.g., 
finite dimensional time-varying linear systems, and to uncertain dynamical systems. Finally, I will discuss how to 
synthesize optimal control designs for ensemble control systems based on pseudospectral approximations. 
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