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S.O. REZA MOHEIMANI
Q. How did your education and 
early career lead to your initial and 
continuing interest in the control 
field?

Reza: In high school I was inter-
ested in electronics. I bought and 
assembled electronics k its. Then 
my undergraduate courses in ele -
ctrical and electronic engineering 
provided some exposure to control 
through an introductory course on 
classical control systems and exten-
sive coursework on electronic circuit 
design. In 1992, I moved to the Uni-
versity of New South Wales (UNSW) 
in Sydney, Australia, for postgraduate 
studies, where I had enrolled in the 
master of engineering science (M.Eng.
Sc.) program in systems and control. 
An important contributing factor to 
this decision was that I was aware of 
many prominent Australian research-
ers in control theory, and I decided 
that if I were to do a Ph.D. in electrical 
engineering in Australia, control was 
the right choice. 

Master’s and Ph.D. programs in 
Australian universities are primarily 
research based, although many stu-
dents do some coursework as part of 
their Ph.D. program. The M.Eng.Sc. 
program at UNSW had a combination 
of coursework and research, which 
made it attractive. I took several grad-
uate-level courses in control, including 
a course on optimization and optimal 
control that was taught by David Cle-
ments. This was a good course that 
I found quite useful throughout my 
graduate studies. David was also my 
thesis advisor. He had completed his 
Ph.D. years earlier under Brian Ander-
son at the University of Newcastle. 
Back in the early 1990s, robust control 
was a very vibrant field with several 
parallel sessions at the Conference on 
Decision and Control (CDC) and the 
American Control Conference devoted 
to it. Many important results, such as 
the two Riccati solution to the H-infin-
ity control problem, had just emerged 

and there was significant interest in 
finding applications for these meth-
ods in real-world problems. It was 
therefore natural that 
I became interested in 
robust control and did 
my thesis on robust 
system identification 
that had generated 
some interest then. 

After completing 
the master’s degree, 
I moved to Canberra 
to do a Ph.D. with Ian 
Petersen at the Aus-
tralian Defence Force 
Academy (ADFA), which is a college 
of UNSW based in Canberra. ADFA’s 
main purpose is to educate future 
Australian armed forces officers. How-
ever, it also has a respectable culture of 
research and accepts civilian postgrad-
uate students. My Ph.D. thesis was con-
cerned with guaranteed cost control 
and robust estimation for uncertain 
systems. I started working on guar-
anteed cost control of norm-bounded 
uncertain systems and met Dunacn 
MacFarlane who was then working 
for BHP (he is now with Cambridge 
University). Duncan was interested in 
developing robust controllers for Send-
zimir mills, which are used in the cold 
rolling of steel sheets, and wanted to 
collaborate with Ian and me. The prob-
lem involved designing a multivariable 
(five-input, three-output) robust linear 
quadratic Guassian (LQG) controller 
for a mill located in Port Kembla. We 
developed a model of the mill that 
captured the presence of paramet-
ric uncertainties in its dynamics and 
designed a robust LQG controller for 
the system. My Ph.D. research also 
involved developing controllers and 
estimators for uncertain systems where 
the uncertainties were described via 
integral quadratic constraints (IQCs) or 
sum quadratic constraints (for discrete-
time uncertain systems). 

Being a Ph.D. student at ADFA was 
an interesting experience. ADFA had a 
quiet campus, which made it very dif-
ferent from other universities. There 
were few distractions so a person 

could easily concentrate on research. 
Furthermore, Australian National 
University (ANU) was only a short 

drive away. ANU had 
a larger control group 
that had a constant 
flow of visitors from all 
over the world. It was 
not unusual for me to 
drive to ANU several 
times a week to attend 
seminars. At ANU I 
took a graduate-level 
control course with 
Brian Anderson that 
was a very good expe-

rience; Brian is one of the best lecturers 
I have ever met. 

After I submitted my thesis, I was 
hired at ADFA to work on a project 
on active control of noise. One day 
when I was working in the laboratory, 
I came across a small box of compo-
nents that someone had ordered a 
few years earlier and was collecting 
dust in a corner. After some investiga-
tion, I found out that the components 
were piezoelectric transducers that 
were meant to be used in the vibra-
tion control of flexible structures. I 
decided that I wanted to learn more 
about them. My curiosity on that day, 
some 15 years ago, put me on a path 
that continues today. 

In 1997, I visited the University of 
Newcastle to deliver a seminar and 
meet with the control group. Follow-
ing the visit, I was offered a position 
in the research center that was under 
the directorship of Graham Goodwin. 
That was clearly an opportunity that 
I could not pass on. Many of Austra-
lia’s prominent electrical engineers 
either graduated from the University 
of Newcastle, served on its academic 
staff, or have strong connections to 
the university. It had, and still has, 
one of the best electrical engineering 
departments in Australia and one of 
the world’s largest and most respected 
control groups. I moved to Newcastle 
and am still here. Immediately after 
the move, I decided that I wanted 
to work on control applications and 
applications-driven control theory. 
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I set up my laboratory with funding 
from the Australian Research Coun-
cil, which over the past decade has 
evolved into a research facility that is 
unique is Australia and comparable 
with the best in the world. 

Q. What are some of your research 
interests?

Reza: My research interests are 
rather broad. However, more recently, 
I have been concentrating on devel-
oping estimation and control design 
methods for emerging applications in 
nanotechnology and microelectrome-
chanical systems (MEMS). In particu-
lar, we have made significant efforts to 
address control problems associated 
with nanopositioning systems. The 
ability to position a probe or a sample 
with subnanometer accuracy is a cru-
cial requirement in nanotechnology. 
Numerous technologies are under 
investigation for which high-speed 
and repeatable nanopositioning under 
ambient conditions is a must. Apart 
from estimation and control design 
issues, our efforts include mechanical 
design of nanopositioning platforms 
and the development of sensing and 
actuation technologies and associated 
interface electronic circuits for these 
systems, for which control is a key 
enabling technology. 

I am also very interested in 
control theory problems associ-
ated with these systems. Over 
the past six decades, control 
engineers have developed a rich 
body of knowledge and a very 
effective suite of feedback control 
design methods. However, real 
applications often have problems 
for which a standard solution 
does not exist. A good example 
is the work I started a few years 
ago with an IBM collaborator, 
Dr. Abu Sebastian, when I was 
spending a couple of months at 
the IBM Zürich Research Labs 
as a visiting scientist. The data 
storage technologies group that 
hosted my visit was develop-
ing a new nonvolatile memory 
chip that consisted of a MEMS 

nanopositioner that moves a polymer 
storage medium relative to an array 
of over 4000 atomic force microscopy 
(AFM)-type microcantilevers. Each 
lever is equipped at its extremity with 
a very sharp probe that is used to 
make tiny indentations (about 20 nm 
wide) on the polymer storage medium. 
Using this system, they were able to 
demonstrate storage densities beyond 
1 Tb per square inch, which is much 
higher than competing approaches. 
This technology is known as probe-
based data storage, or probe-storage 
for short.

In a probe-storage system, the 
storage medium is moved over the 
bank of microcantilevers in a zig-
zag raster pattern during the read, 
write, and erase operations. The re -
quirement to track a fast periodic 
triangular signal during rastering 
is a serious challenge. The control-
ler is required to have a high band-
width to ensure satisfactory track-
ing of the repetitive reference signal 
that has sharp corners and so much 
have high  frequency content. The 
controller is also required to achieve 
subnanometer positioning accuracy 
when the sensor noise is factored 
in. But a high-bandwidth control-
ler, which is necessary for tracking, 

results in sensitivity to sensor noise. 
We realized that it was possible to 
design a low-bandwidth control sys-
tem for the nanopositioner to track 
a ramp signal and then introduce 
signal shaping nonlinear blocks just 
before and after the plant to force 
its output to undergo a repetitive 
triangular motion. This signal-shap-
ing approach to nanopositioning 
has solved a very practical problem 
in nanopositioning that cannot be 
addressed using linear control. This 
approach has also led to interesting 
subsequent research by us and other 
research groups aimed at under-
standing stability and robustness 
properties of this method and its 
possible extensions. This technique 
can also be used in high-speed AFM 
and its derivative technologies. 

In AFM, I have a project that aims 
to develop technologies for on-chip 
AFM. The key idea is to shrink the 
size of an AFM to a small chip. We 
are designing MEMS nanopositioners 
and the requisite interface electronics 
and signal conditioning circuits and 
are investigating robust and efficient 
controllers that can be implemented 
with minimal circuitry. The core 
of this system is a MEMS device. It 
should be possible to produce these 

devices in batches and offer 
them at a fraction of the cost of a 
commercial AFM. The ideal situ-
ation is to be able to make them 
affordable to the point that every 
school can have one.

I am also interested in a num-
ber of theoretical problems that 
are of high practical relevance, 
particularly in the control of 
highly resonant systems. These 
are inherently difficult systems 
to control. They are character-
ized by a large number of poles, 
very close to the jv axis. These 
poles tend to shift with time and 
operating conditions. Standard 
robust control design  methods 
rarely result in satisfactory con-
trollers for this class of systems 
since the size of uncertainty 
tends to be quite large, and the 

(From left) Reza, Dara, Niloofar, and Dena at Newcastle 
Beach.
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controller tends to be overly conser-
vative. In the case of collocated sys-
tems, where actuators and sensors are 
physically collocated and compatible, 
we now have a good understanding 
of what conditions can guarantee 
robustness under positive feedback. 
Control design methods such as 
resonant control, integral resonant 
control, and positive position feed-
back control have been shown to be 
quite effective in controlling highly 
resonant systems and guaranteeing a 
substantial level of robustness. How-
ever, controller synthesis still remains 
a challenging problem since it often 
leads to nonconvex optimization. For 
noncollocated systems, the problem 
is even more challenging since such 
systems do not satisfy the negative 
imaginary property that is needed to 
construct controllers with guaranteed 
stability robustness. 

Q. You are the author of four books. 
What kinds of topics do these books 
cover?

Reza: My first book, Spatial Con-
trol of Vibration and Noise: Theory and 
Experiments (World Scientific, 2003), 
was coauthored with former students. 
The book is based on the idea of spatial 
control that sets a framework for con-
trolling vibration and noise in a global 
sense. Acoustic systems and flexible 
structures are spatially distributed 
systems. The sensors and actuators 
that are available, however, have a 
point-wise nature. That is, acoustic 
pressure, velocity, or displacement 
can only be measured at certain points 
and force or torque can be applied 
only at specific locations. This con-
figuration means that it is possible to 
design a control system that performs 
quite well at the points where vibra-
tion or noise is measured but has a 

poor performance elsewhere. The idea 
put forward in this book is to set up 
an optimal control problem such that, 
in addition to closed-loop stability, a 
certain level of performance can be 
guaranteed in an average global sense. 
Interestingly, we were able to show 
that each spatial control problem was 
equivalent to a multivariable finite-
dimensional linear feedback control 
problem, which is mathematically 
tractable. We also developed a sys-
tem identification method to identify 
models of flexible structures suitable 
for spatial control. All of the methods 
were applied to laboratory-scale sys-
tems. Details of the experiments are 
reported in the book.

Piezoelectric Transducers for Vibra-
tion Control and Damping (Springer, 
2006)is the second book that I coau-
thored, also with a former student. 
This book covers control problems 
that arise in flexible structures with 
embedded, or bonded, piezoelec-
tric actuators and sensors. One of 
the interesting features of this book 
is that it proposes a unified frame-
work for piezoelectric shunt control. 
People knew for a while that one 
way of damping structural vibration 
is to bond a piezoelectric transducer 
to the structure and shunt it with an 
RL impedance. Damping is achieved 
when the inductance and the piezo-
electric capacitance are perfectly 
tuned to the resonance frequency 
of the mode of interest. There were 
issues with implementation of the 
inductor as it always turned out to 
be rather large and in practice had to 
be tuned on a regular basis. Also, the 
best way to control multiple modes 
was unclear. We made two impor-
tant observations. First, we showed 
that it was possible to implement an 
impedance digitally, using a syn-

thetic impedance circuit, and then 
we identified the feedback structure 
that was formed when an impedance 
was applied to a piezoelectric trans-
ducer. This approach enabled the use 
of standard control design methods 
to construct highly efficient piezo-
electric shunt damping impedances 
that were implementable using a 
synthetic impedance. This approach 
also enabled the design of multiport 
shunts for an array of piezoelectric 
transducers, since the problem then 
reduces to a multivariable feedback 
control problem. The book also dis-
cusses instrumentation issues that 
arise when piezoelectric transducers 
are used in feedback loops.

I have also edited two books. The 
first edited book, Perspectives in Robust 
Control, emerged from a workshop 
that I organized in Newcastle back 
in December 2000, the week before 
the 39th IEEE CDC in Sydney. It was 
clear that the CDC was going to be 
well attended, and I decided that this 
was a good opportunity to organize 
a focused workshop on robust con-
trol. The workshop was quite a suc-
cessful event that allowed the speak-
ers to present their latest work in a 
relaxed environment. Apart from 
the 25 speakers, the workshop was 
attended by about another 30 partici-
pants, many from overseas. The par-
ticipation included a sizable contin-
gent from Italy that was alternating 
between the sessions and Newcastle 
beach, just across the road from the 
workshop venue. Newcastle beach 
is one of Australia’s premier surf-
ing beaches, and Decembers are best 
spent at the beach.

The second book I edited was Con-
trol Technologies for Emerging Micro 
and Nanoscale Systems, which was 
published by Springer. The book is 
based on selected papers presented 
at the Workshop on Dynamics and 
Control of Micro and Nanoscale Sys-
tems that Evangelos Eleftheriou and 
I organized in December 2009 on the 
campus of IBM Zürich Research Labs 
in Switzerland. The workshop con-
sisted of four invited keynotes and 

We now have a good understanding 

of what conditions can guarantee robustness 

under positive feedback.
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20 invited  presentations that covered 
a broad range of topics such as control 
of probe-based data storage systems, 
control issues in high-speed AFM, 
micro- and nanorobotics, nonlinear 
dynamics of microcantilevers, control 
of nanopositioning systems, and mod-
eling and control of MEMS transduc-
ers. The workshop was quite success-
ful and very timely, particularly given 
the current interest in nanotechnology. 
We also organizing another workshop 
on the same topic held in Newcastle in 
February 2012. 

Q. What courses do you teach relat-
ing to control? Do you have a favor-
ite course? How would you describe 
your teaching style?

Reza: I am now in the third year 
of a five-year research fellowship 
funded by the Australian Research 
Council. A condition of the fellowship 
is that I concentrate on research only. 
Prior to the commencement of the fel-
lowship, I was teaching on a regular 
basis. I have taught a broad range of 
undergraduate- and graduate-level 
courses including circuits and sys-
tems, signal processing, communi-
cation systems, adaptive filtering, 
and optimal control. The last course 
I taught was control system design 
and management, a fourth-year con-
trol course that I particularly enjoyed 
teaching. In this course, I covered a 
broad range of relatively advanced 
topics in control system design. Stu-
dents were also required to complete 
a substantial control systems design 
laboratory component that involved 
the design of control systems (LQG, 
pole placement, etc.) on a laboratory-
scale apparatus.

My teaching style is somewhat 
informal. I try to engage students 
during lectures and get them to think 
as the lecture progresses. I also place 
a lot of emphasis on having a labora-
tory component in each course that I 
teach. My preference is to have hard-
ware-based experiments where stu-
dents get hands-on experience with 
real systems. 

Q. What are some of the most prom-
ising opportunities you see in the 
control field? 

Reza: One of the most interest-
ing fields to emerge in this century is 
nanotechnology. It is clear that prog-
ress in this field is going to have a 
significant impact on our society and 
on the way we live in the future. An 
important enabling tool in nanotech-
nology is the scanning probe micro-
scope and its derivative technolo-
gies such as the AFM, STM, probe 
storage, etc. These are mechanical 
systems that depend on several feed-
back loops to operate. The controllers 
incorporated in these systems are 
often crude and suboptimal. There 
is significant room to improve these 
devices by designing high perfor-
mance controllers. Control prob-
lems associated with these systems 
are challenging and often lead to 
interesting theoretical problems for 
which there are no standard solu-
tions. This, in my opinion, is a prom-
ising opportunity for our community 
to contribute to the progress in a field 
that is likely to generate some of the 
most exciting technological advances 
in human history. 

Q. What are some of your interests 
and activities outside of your profes-
sional career?

Reza: For many years I was a reg-
ular gym-goer, a habit I picked up at 
ADFA. About two years ago, I decided 
that I wanted to learn to swim. To enjoy 
Australia and its beach culture to the 
fullest, you should be able to swim. I 
had been thinking about swimming 
for a while, but when I realized that my 
then six-year old son was swimming 
like a fish, I decided that it was time 
to take action. So I took a few swim-
ming lessons, and now I am a regu-
lar swimmer in the university pool, 
which helps me stay fit. My weekends 
are mostly spent with the family and 
friends. There are a lot of good res-
taurants and cafes in Newcastle, and 
of course we are lucky to have some 
of the world’s nicest beaches nearby. 
I enjoy reading, watching television, 
and spending time with my children. I 
also cook whenever I get a chance; my 
specialty is pizza.

Q. Thank you for your comments.
Reza: Thank you. You are most 

welcome!
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