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Preface

The Chinese Control Conference (CCC) is an annual technical conference sponsored and organized by the
Technical Committee on Control Theory, Chinese Association of Automation. The first conference was
held in 1979, and this is the 25th session. The purpose of CCC is to provide a forum for both practitioners
and theorists in the area of systems and control to report their latest research results, to exchange their
ideas and experience, and to promote collaborative research activities. The participants from China and
from abroad, will gather together to discuss the development of systems and control theory and its
applications to engineering problems.

The 25th CCC had been held in the northeast historical city—Harbin, August 7-11, 2006. The Harbin
Institute of Technology is the local sponsor. The conference is also co-sponsored by the Institute of
Systems Science, Academy of Mathematics and Systems Science, Chinese Academy of Sciences, IEEE
Control System Society, the Society of Instrument and Control Engineer (SICE) of Japan, the Institute of
Control, Automation and System Engineers (KICASE) of Korea, the Heilongjiang University, and the
Harbin Engineering University, Some supports and financial aids are from the Natural Science Foundation
of China.

In the spirit of reform, openness, and internationalization, the 25th CCC is devoted to strengthening its
cooperation with control communities from all over the world by establishing 8 Regional Chairs for USA,
Japan, United Kingdom, Australia, Canada, Korea, Singapore, and Hong Kong, respectively. CCC is
now earning its reputation as a true international conference.

For the 25th CCC six prominent scholars over the world are invited to deliver the plenary speeches. They
are Professor S. P. Boyd (Stanford University, USA), Professor G. C. Goodwin (University of Newcastle,
Australia) , Professor Lei Guo (Chinese Academy of Sciences, China), Professor M. Krstic (University of
California, San Diego, USA), Professor A. Lindquist (Royal Institute of Technology, Sweden), and
Professor T.J. Tarn (Washington University, USA).

This year, we have received a record high submission of 674 papers. After a rigorous review process by the
Conference Program Committee, 455 papers are accepted and included in the Conference Proceedings. The
authors of the accepted papers are from various countries and regions including, in addition to the Chinese
Mainland and Hong Kong, Australia, Canada, Iran, Japan, Singapore, Sweden, Switzerland, United
Kingdom, USA, etc. The topics of the Conference include System Identification, Linear Systems,
Nonlinear Systems, Sliding-Mode Control, Optimal Control, Optimization, Robust Control, H-infinity
Control, Predictive Control, Process Control, Stochastic Control, Adaptive Control, Stability Analysis,
Distributed Parameter System, DEDS, CIMS, Complex Systems and Complexity, Fuzzy Systems and
Control, Neural Networks, Robot Control, Transportation Systems, Error Detection and Diagnosis,
Power Systems, etc. The Conference Proceedings being a comprehensive collection of the latest research
papers serve as an excellent reference for university professors and graduate students in the field of
automation and control as well as for experts working in research institutions and engineers in industry.
The Conference Proceedings will be included in the IEEE Conference Publications Program (CPP) with
IEEE Catalog Number 06 EX1301. The CPP will handle the worldwide post-conference sales.

This year, we have also received a record-breaking number (57) of papers for competing Guan Zhao-Zhi
Best Paper Award. This is an indication that outstanding young researchers in the area of systems and

control are mushrooming. They are rapidly moving up to the forefront of the systems and control



community in China,

We would like to express our sincere thanks to our domestic and overseas friends for their constant support
to CCC. We greatly appreciate all contributors of the papers and members of the organizing committee, the
program committee, and the editorial board of the conference proceedings. Taking this opportunity, we
would also like to thank the publisher, BUAA Press.

Chairs of the Program Committee
Daizhan Cheng Chinese Academy of Sciences
-
77

Guangren Duan Harbin Institute of Technology




K& & (Plenary)

Feedback Control of Decoherence; Systems Theoretical Approach -«+-+-+++<+-++eccc Narayan Ganesan (1)
Boundary Control of PDEs and Applications to Turbulent Flows and Flexible Structures

seseeeeeee Miroslav Krstic (4)
Efficient Data Representations for Signal Processing and Control: “Making Most of a Little” «:-cecceeeenee

treerreressieeranieeesreeesenseseessesseseseeseeenes Graham C. Goodwin (17)
A Global-Analysis Approach to Robust Control = «-ecereceecceicieiicciiiiiceeientes Anders Lindquist (40)
Advances in Convex Optimization s+« +s-sesessseursesisstnisissassisssesssiosenesnnennesneseesee Stephen Boyd (42)
Multi-Agent Systems with Local Rules: Towards a Theory of Analysis and Control «-::«-+-- Lei Guo (43)
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» Tzyh-Jong Tarn received the D. Sc. degree in control system engineering from
Washington University, St. Louis, MO. Currently, he is a Professor in the Department of
Electrical and Systems Engineering and the Director of the Center for Robotics and
Automation at Washington University, St. Louis, MO. He served as the President
of the IEEE Robotics and Automation Society from 1992 to 1993, the Director of the
IEEE Division X (Systems and Control), from 1995 to 1996, and was a member of
fhe 1IEEE Board of Directors, from 1995 to 1996. At present, he serves as the Vice
President for Conferences of the IEEE Robotics and Automation Society.

He received the NASA Certificate of Recognition for the creative development of a technical innovation on
“Robot Arm Dynamic Control by Computer” in 1987. The Japan Foundation for the Promotion of
Advanced Automation Technology presented him with the Best Research Article Award in March 1994.
He also received the Best Paper Award at the 1995 IEEE/RS]J International Conference on Intelligent
Robots and Systems, and the Distinguished Member Award from the IEEE Control Systems Society in
1996. He is the first recipient of both the Nakamura Prize at the 10th Anniversary of IROS in Grenoble,
France, 1997 and the Ford Motor Company best paper award at the Japan/USA Symposium on Flexible
Automation, Otsu, Japan, 1998. In addition, he is the recipient of the prestigious Joseph F. Engelberger
Award of the Robotic Industries Association in 1999, the Auto Soft Lifetime Achievement Award in 2000
and the Pioneer in Robotics and Automation Award in 2003 from the IEEE Robotics and Automation
Society. He is an IEEE Follow.

Miroslav Krstic is the Harold Sorenson Professor in the Department of Mechanical
and Aerospace Egineering at University of California, San Diego (UCSD). He started
his career in 1995 at University of Maryland and moved to UCSD in 1997. He
obtained his PhD at University of California, Santa Barbara in 1994 and received the
UCSB Best Dissertation Award.

Krstic is a coauthor of the books Nonlinear and Adaptive Control Design (1995),
Stabilization of Nonlinear Uncertain Systems (1998), Flow Control by Feedback
(2002), and Real Time Optimization by Extremum Seeking Control (2003).

He received the National Science Foundation Career Award, the Office of Naval Research Young
Investigator Award, the Presidential Early Career Award for Scientists and Engineers, the Axelby
Outstanding Paper Award, and the O. Hugo Schuck Best Paper Award. In 2005 he was the first
engineering professor to receive the UCSD Award for Excellence in Research.

Krstic is a Fellow of IEEE and a Distinguished Lecturer of the Control Systems Society. He has served as
Associate Editor for the IEEE Transactions on Automatic Control, the International Journal of Adaptive
Control and Signal Processing, and Systems and Control Letters. He is currently Editor for Adaptive and
Distributed Parameter Systems in Automatica.—He has served as Vice President for Technical Activities
and a member of the Board of Governors of the Control Systems Society, and Vice-Chair in his department

at UCSD.



Graham Goodwin was born in Broken Hill, Australia in 1945. He obtained a BSc
(Physics) BE (Electrical Engineering) and PhD from the University of New South
Wales. He was a lecturer at Imperial College London from 1970 to 1974 and has been
with the University of Newcastle since then. He is the author of 8 books and several
hundred papers. He has twice won the IFAC Text Book Prize. He is a Fellow of the
Royal Society London, The Australian Academy of Science, The Australian Academy
of Technological Sciences and Engineering and is a Foreign Member of the Swedish
Royal Academy of Science (The Nobel Prize Academy). His research interests

include control, signal processing and communications.

Anders Lindquist received the Ph. D. degree in 1972 from the Royal Institute of
Technology, Stockholm, Sweden. From 1972 to 1974 he held visiting positions at the
University of Florida, Brown University, and State University of New York at
Albany. In 1974 he became an Associate Professor, and in 1980 a Professor at the
University of Kentucky, where he remained until 1983. He is now a Professor at the

Royal Institute of Technology, where in 1982 he was appointed to the Chair of

Optimization and Systems Theory. Presently, he is the head of the Mathematics
Department there. Since 1989 he is also an Affiliate Professor of Optimization and Systems Theory at
Washington University, St Louis.

Dr. Lindquist is a Member of the Royal Swedish Academy of Engineering Sciences, a Foreign Member of
the Russian A_cademy of Natural Sciences, a Fellow of the IEEE and an Honorary Member the Hungarian
Operations Research Society. He has served on many editorial boards of journals and book series. He is
the recipient (together with C. L. B);rnes and T. T. Georgiou) of the George S. Axelby Outstanding Paper
Award of the IEEE Control Systems Society (CSS) for the year 2003.

Stephen Boyd is the Samsung Professor of Engineering, and Professor of Electrical
Engineering in the Information Systems Laboratory at Stanford University. He
received the A. B. degree in Mathematics from Harvard University in 1980, and the
Ph. D. in Electrical Engineering and Computer Science from the University of
California, Berkeley, in 1985, and then joined the faculty at Stanford. His current
research focus is on convex optimization applications in control, signal processing,

and circuit design. He has held visiting Professor positions at Katholieke University

(Leuven) s McGill University (Montreal) , Ecole Polytechnique Federale (LLausanne) ,
nghua University (Beijing), Universite Paul Sabatier ( Toulouse), Royal Institute of Technology
(Stockholm), and Kyoto University.

Professor Boyd is the author of many research articles and three books: Linear Controller Design: Limits
of Performance (with Craig Barratt, 1991), Linear Matrix Inequalities in System and Control Theory
(with L. El Ghaoui, E. Feron, and V. Balakrishnan, 1994), and Convex Optimization (with Lieven
Vandenberghe, 2004). He has received many awards and honors for his research in control systems
engineering and optimization, including an ONR Young Investigator Award, a Presidential Young
Investigator Award, and an IBM faculty development award. In 1992 he received the AACC Donald
P. Eckman Award. In 1993 he was elected Dlstmguxshed Lecturer of the IEEE Control Systems Society,
and in1999, he was elected Fellow of the IEEE. He has been invited to deliver more than 20 plenary and

keynote lectures at major conferences in both control and optimization.



Lei GUO received his Ph. D. degree in control theory from the Chinese Academy of
Sciences (CAS) in 1987, and was a postdoctoral fellow at the Australian National
University (1987-1989). Since 1992, he has been a Professor of the Institute of
Systems Science at CAS, where he had been the Director of the Institute (1999-
2002). He is currently the President of the Academy of Mathematics and Systems
Science, CAS.

Dr. Guo was elected Fellow of the IEEE in 1998, Member of the Chinese Academy of
Sciences in 2001, and Fellow of the Academy of Sciences for the Developing World
(TWAS) in 2002. He has twice received, in 1987 and 1997, the National Natural Science Prize of China.
He was also the recipient of the 1993 IFAC World Congress Young Author Prize “for solving a long

standing problem in control theory concerning covergence and convergence rate for the least-squares-based
self-tuning regulators;’. He was invited to give lectures at various international conferences, including.
Plenary Lecture at the 1999 IFAC World Congress, and Invited Lecture at the 2002 International Congress
of Mathematicians (ICM). _

He is currently a Council Member of IFAC, a member of the IFAC Award Committee, the Editor-in-Chief
of the Journal of Systems Science and Complexity, and is on the editorial boards of numerous technical
journals in the areas of Systems, Control and mathematics. He is a member of the Chinese National Award
Committee on' Science and Technology, a Vice-President of the Chinese Association of Automation, and a
Vice-President of the Chinese Mathematical Society. He had been an Associate Editor of the SIAM J. on
Control and Optimization (1991-1993), and the Chair of the IFAC Technical Committee on Modeling,
Identification and Signal Processing (1999- 2002). He will serve as the general co-chair of the 48th IEEE-
CDC to be held in China in 2009, '

He has worked on problems in adaptive control, system identification, stochastic systems, nonstationary
time-series analysis and adaptive signal processing. His current research interests include the maximum
capability and limitations of feedback mechanism, global controllability of nonlinear systems, multi-agent

systems, complex adaptive systems and quantum control systems.
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Feedback Control of Decoherence:
Systems Theoretical Approach

Narayan Ganesan', Tzyh Jong Tarn®
1. Electrical and Systems Engineering, Washington University in St. Louis, MO-63130, USA
E-mail: ng@ wuauto. wustl. edu
2. Electrical and Systems Engineering, Washington University in St. Louis, MO-63130, USA

E-mail; tarn@ wuauto. wustl. edu

Abstract: This paper outlines the recent work on control of Decoherence in Open Quantum systems using systems and

control techniques and the corresponding theoretical results obtained.
KeyWords: Quantum Control, Decoherence, Geometric Control

Many authors have studied the application of feed-
back methods in control of decoherence[16],[17].
Technological advances enabling manipulation, con-
trol of quantum systems and recent advances in
quantum measurements using weak coupling, non-
demolition principles etc, have opened up avenues
for employing feedback based control strategies for
quantum systems [187],[21],[17].

Since the state of a decohering quantum system rap-
idly reduces to a mixed state from a pure state, the
density matrix approach or other stochastic dynamic
approaches to analyze such systems seems to be the
best tool at hand. Unfortunately such tools are not
the most convenient when analyzing the controllabil-
ity and reachability and other basic geometric prop-
erties of such systems, since the governing equations
for the evolution is hard to rewrite in a bilinear form
that is most amenable to such analysis. As was pre-
viously shown by the authors[6] the Lie Algebraic
properties of the interaction hamiltonians can be ex-
ploited to learn about and control the decoherence in
an open quantum system.

Properties and control of decoherence was studied by
-a number of authors including but not limited to Vi-
ola et al. [14][15], Lidar {13] et al. and the con-
trollability properties of the master equation was
studied in depth by Altifini[20]. In [16] Doherty et
al, studied hamiltonian feedback strategies for quan-
tum systems under a POVM measurement scheme,
The authors proposed choosing a form for hamiltoni-
an based on the output obtained from generalized
POVM measurements, Since it is not always practi-
cally feasible to realize any form for the hamiltonian

of the system at will or choose the type of measure-

ment observable in POVM such strategies are far
from readily implementable. Viola et. al[15] stud-
ied the group theoretic properties of the operators
generated by interacting hamiltonians and proposed
an open loop strategy to nullify the effects of deco-
herence through clever choice of controls. Recent
developments by the same authors relaxed a few
conditions regarding arbitrarily strong and fast
“bangbang” pulses and the repertoire of available
operators. Another approach to invert the effects of
decoherence employing quantum information theo-
retic methods was proposed by Buscemi[ 19] et al. ,
wherein change in entropy and other classical prop-
erties of the environment is monitored to devise a
suitable feedback. The approach is shown to work
for dimensions 2 and 3 (qubit and qutrit systems).
However feedback in the most easily implementable
form (i. e by monitoring the outputs or states of a
system) as a practical tool for quantum control still
remains largely unexplored. Quantum non-demoli-
tion filters [ 22] and continuous measurement by
quantum probe[ 3] which stems from the theory of
quantum Zeno effect can be used to monitor a quan-
tum system that might be coupled to extraneous un-
known reservoirs. In this work we consider a contin-
uous time measurement scheme with the help of a
probe, which is a quantum system interacting with
the system under analysis. The output from the
probe which is read via a projective(weak) measure-
ment performed on the probe observable is used to
control the strength of the various controlling inter-
actions. In this work we also analyze the applicabili-
ty of the control model as discussed in [8] to a sys-
tem which might collapse to a mixture due to meas-



urement specifically in the context of decoherence.
The approach of decoupling a chosen output or sig-
nal, from the effects of decohering interaction is a-
dopted here. It is also shown that only the type of
interaction hamiltonian Hg is sufficient to analyze
the decoherence properties of the system without
delving too much into statistical properties of the en-
vironment/bath. It is to be noted that instead of reg-
ulating the coherence between basis states - when
the exact amount of coherence changes dynamically
during the course of quantum control or computation
- we merely choose to render it independent of cer-
The former has the
shortcoming that the exact coherence information to

tain undesirable interactions.

be regulated is not always known apriori as process-
ing an unknown coherence (viz. processing unknown
quantum information) is whole purpose of quantum
computation in the first place. Consider an open
quantum system interacting with the environment
described by,

ﬁ‘a'—fl =[Ho ® L(t:2) + I, ® H.(t,2) + Heg (£,2)
+ > w®H, ® L&t 2
fm]
where H;, u; are the control hamiltonian and

strength of interaction to the control apparatus re-
spectively, H,, Hp, Hg are the system, environ-
ment and interaction hamiltonian acting on H,, H,
and H, ® H, (system, environment and the joint)
Hilbert spaces respectively. &(t,z) is the wave func-
tion of the system and environment. Consider an
output equation which could either be a nondemoli-
tion measurement or a general bilinear form monito-
ring the coherence of the system given by,

() = @) | C) | &t2)» @))
Then the condition for such an output signal to be
decoupled from the interaction hamiltonian in the
open loop case is given by the following theorem
which is. in terms of distribution of quantum opera-

tors.

Theorem 0.1 Let

C, =Cw)

C. = span{ad’yCoy (1) | j = 0,1 w005 i = 1,07}
IV .

C" = {(adH+a_t) C";] = 0,1,

Define a distribution of quantum operators , C=
A{C(0),C (), C,(t) s+ }. The output equation
(1) of the quantum system is decoupled from the

environmental interactions if and only if,

[C(®),He ()] =0

2)

See [6] for a proof. The condition is greatly relaxed

to [C(t), He (1)]CC(t) with the application of
feedback control, suggesting the usefulness of such
feedback techniques in controlling decoherence. In
order to provide the feedback another quantum sys-
tem labelled as the quantum probe or simply probe
which interacts continuously with the system will be
gather information. The governing

used to

Schrédinger equation modifies as,
LD _[H, @ LU0+ He O ® L,
+ I, ® He(ty.l) + Hg + HPE

+ > w(®OH, ® L(t,2)]&z,2)

where H,=Hs+ Hp, is the free hamiltonian of the
system and probe. The interaction hamiltonian be-
tween different subsystems are denoted by their re-
spective subscripts. Decoherence, as discussed by
Zurek[ 5] develops strong correlation between pre-
ferred pointer basis of a system and the states of en-
vironment. Under the framework of continuous
measurement the question arises as to what can be
said about the relationship between the pointer
states of the system and the coupled (measurement)
device. As is expected, if the corresponding pointer
states of system and probe are not naturally correla-
ted under the system probe interaction hamiltonian
Hgp , the later would not be a good measuring device
[4]. The pointer basis play an all too important role
in the analysis of such systems. It will be shown
that the Schrédinger equation for a system undergo-
ing collapse can be thought of as probabilistic as long
as one agrees to use the pointer basis as universal
and the outputs and observations are interpreted to
be “expected”. We analyze the expected measure-
ment results of the probe observable which is weakly
coupled to the decohering system so as to gain
knowledge about the state of the system. The ex-
pected measurement result reveals information about
the degree of decoherence of the system which could
be used to design the feedback control. Let |s;) and
| A;> be the pointer basis of the system and probe re-
spectively. The above mentioned bases inherit all
the qualities of a pointer basis[ ?], viz. orthogonal
and be able to distinguish, develop correlation be-
tween the bases under interaction etc. The probe ob-

servable that is measured by the environment is A=

Z N—1

, @ | A (A; | where a;’s are eigenvalues of the
probe observable.

The probe system interaction



hamiltonian will follow the structure He =g (2). 5.

P where P= E:: L| B;>{B, | acts on probe Hilbert

space and § = 2
bert space respectively. The signal g(¢) is the cou-

::: s; | 5;7<s; | acts on system’s Hil-
pling strength which is assumed to be modulated ex-
ternally.

We may assume that the initial wave function of the
probe before the interaction was #(a) in the |A;)
basis. The wave function of the probe after interac-
tion with the quantum system becomes $(a+ G §)

where G= J-g(t) dt = kc. This is due to the shift

generated by the interaction hamiltonian in the con-
The probability distribution of the
probe measurement after the system probe interaction

is fla) = 2}.(?‘-{-65,») 2] (s | ¢ |*, where

|¢(2)) is the combined state of system-probe[1].
Hence from the measurement result of the probe ob-

jugate basis.

servable A, information about the system observable
~§is given by the probability distribution, f(s) =
E,- W(s—s) | (s; | ¢(8)) |?, where W(s —3s;) =
| G|+| o({a) —G(s—s5;)) |?. Results from stand-
ard quantum tomography can now be applied to the
probability distribution of § to obtain the estimate of
the state in least square sense[ 7]. Hence it is possi-
ble to get an estimate of the type of state as well as a
reasonably good estimate of the state itself from the
expected value of the probe measurement which in
turn is used to design the state feedback to the sys-
tem of the form u=a(§) + (8. v, where a, B are
vector and matrix valued functions of the state of the
system, in order to decouple an apriori output func-
tion y(¢) =<&() |C(2) |£(¢))[6]. Such a problem at
hand would invoke techniques of non-linear output
regulation[ 2]. Alternatively, it could also be ap-
proached as output control problem where control
inputs could be designed to steer the probe measure-
ment output away from or towards a desired output

value. The authors are currently investigating an al-

(3)

gorithm for the invariant subspaces and design and

construction of the feedback control.
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