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Editorial
Special issue on quantum control

Dedicated to the occasion of Prof. Ian Petersen’s 60th birthday
Quantum technology is recognized as one of the most promising directions for our future technologies. By

exploiting the unique features of quantum effects, emerging quantum technology is rapidly progressing around the
world including quantum computation, quantum communication, quantum metrology and quantum simulation. The
development of quantum control plays a grounding role in enabling the preservation and manipulation of quantum
states that are used in various quantum technologies. This special issue will focus on new development in relevant
topics of estimation and control methods in quantum systems, and provide a forum for idea exchange in this dynamic
research area. Particularly, Ian R. Petersen, a key figure in the development of robust and quantum control theory,
just turned 60 in the past year. We propose to celebrate this occasion with this special issue on quantum control,
one of his main research focuses in the last fifteen years.

Ian Petersen was born in Victoria, Australia in 1956. Ian attended the University of Mel-
bourne, and was awarded the B.E. degree in Electrical Engineering. Subsequently he won a
prestigious Fulbright Scholarship to pursue his studies in Electrical Engineering at the University
of Rochester, USA, from where he received the Ph.D. degree in 1984. From 1984 to 1985 he
was a Postdoctoral Fellow at the Australian National University. In 1985, he joined the Univer-
sity of New South Wales at the Australian Defence Force Academy where he held a Scientia
Professorship, an Australian Research Council Federation Fellowship and an Australian Research
Council Laureate Fellowship, in the School of Engineering and Information Technology. In 2017
Ian returned to the Australian National University, and now holds a Professorship in the Re-
search School of Engineering. Ian is a Fellow of the IEEE, a Fellow of IFAC, and a Fellow of the Australian Academy of
Sciences. He has served as an Associate Editor for the IEEE Transactions on Automatic Control, Systems and Control
Letters, Automatica, and SIAM Journal on Control and Optimization. Currently he is an Editor for Automatica, and an
Associate Editor of IEEE Transactions on Control Systems Technology.

Ian’s principal research interests are in robust control theory and quantum control theory. In the 1980’s Ian made
seminal contributions to robust control theory with far reaching implications. Ian showed how to employ a Riccati
equation approach to problems of disturbance attenuation. This enabled time domain methods to be applied to the
fundamental problem of robust H-infinity control for the first time. These efforts had an enormous impact, resulting
in numerous significant new developments in the field. The legacy of Ian’s innovations is widespread and now
part of standard software tools. More recently Ian helped develop negative imaginary systems theory. His results
provide a framework for the robust control of flexible structures, and extend and complement passivity theory. In
the early 2000s Ian collaborated on research in the emerging field of quantum control theory, which led to seminal
contributions concerning linear and coherent quantum systems theory. These results enable the systematic design of
fully quantum feedback systems that achieve robust stability specifications. Today Ian is an influential senior figure in
the world-wide systems and control community, and continues to make significant contributions to quantum control
theory and negative imaginary systems.

This special issue contains a set of new contributions to the modelling and analysis of quantum dynamics, net-
working ideas for large-scale quantum systems, and new quantum control approaches ranging from pole placement,
optimal control design, and quantum learning control. These contributions are summarized as follows.
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Time averaged consensus in a direct coupled coherent quantum observer network
Ian R. Petersen
This paper considers the problem of constructing a direct coupling quantum observer for a closed linear quantum system. The

proposed distributed observer consists of a network of quantum harmonic oscillators and it is shown that the observer network
converges to a consensus in a time averaged sense in which each element of the observer estimates the specified output of the
quantum plant.

A phase-space formulation and Gaussian approximation of the filtering equations for nonlinear quantum stochastic
systems

Igor G. Vladimirov
This paper is concerned with a filtering problem for a class of nonlinear quantum stochastic systems with multichannel non-

demolition measurements. Using the Wigner-Moyal phase-space framework, a stochastic integro-differential equation for the
posterior quasi-characteristic function (QCF) of the system conditioned on the measurements is obtained. This equation is a
spatial Fourier domain representation of the Belavkin-Kushner-Stratonovich stochastic master equation driven by the innovation
process associated with the measurements.

Pole placement approach to coherent passive reservoir engineering for storing quantum information
T. Nguyen, Z. Miao, Y. Pan, N. Amini, V. Ugrinovskii, and M. R. James
Reservoir engineering is the term used in quantum control and information technologies to describe manipulating the envi-

ronment within which an open quantum system operates. From the control theory perspective, a quantum system is capable of
storing quantum information if it possesses a so-called decoherence free subsystem (DFS). This paper explores pole placement
techniques to facilitate synthesis of decoherence free subsystems via coherent quantum feedback control.

Feedback stabilization of N-dimensional stochastic quantum systems based on bang-bang control
X. Sun, S. Kuang, Y. Liu, J. Zhou, and S. Cong
For an N-dimensional quantum system under the influence of continuous measurement, this paper presents a switching control

scheme where the control law is of bang-bang type and achieves asymptotic preparation of an arbitrarily given eigenstate of a
nondegenerate and degenerate measurement operator, respectively. The effectiveness of the proposed switchingcontrol scheme
is verified by the simulation experiments on a finite-dimensional angular momentum system and a two-qubit system.

Time-optimal control for hybrid systems based on the nitrogen-vacancy center
S. Yu, N. Li, P. Wei, and Z. Xi
Fast and high fidelity quantum control is the key technology of quantum computing. This paper describes a strategy to achieve

time-optimal control of the carbon-13 nuclear spin qubit by alternating controlling the nitrogen-vacancy center electron spin as
an actuator.

Quantum learning control using differential evolution with equally-mixed strategies
H. Ma, D. Dong, C.-C. Shu, Z. Zhu, and C. Chen
Learning control has been recognized as a powerful approach in quantum information technology. In this paper, we extend

the application of differential evolution to design optimal control for various quantum systems. Two classes of quantum control
problems, including control of four-level open quantum ensembles and quantum superconducting systems, are investigated to
demonstrate the performance of learning control of quantum systems.

This special issue represents a few frontier directions of research on quantum control theory. The end users of
such theories of course are expected to be quantum experimental physicists and quantum engineers. We would also
hope that this special issue will introduce some key ideas in quantum dynamics and control to the general audience
in the area of systems and control. The future of quantum control relies on researchers from the two disciplines to
work closely together pushing quantum technology to a scale that is enough for practical use.
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