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T
he articles in this special issue of IEEE Control Systems Magazine are selected from the 
papers presented at the Second Workshop on Dynamics and Control of Micro- and  
Nanoscale Systems, which was held at the University of Newcastle, Australia, in February 
2012. A report on the workshop appeared in the December 2012 issue of this magazine [1].
Control is a critical technology for emerging micro- and nanoscale systems. Control at 

such small scales is difficult. These systems tend to have very fast dynamics, which makes control 
implementation a challenging task for the control engineer. Often significant uncertainty is associ-
ated with the dynamic models of these systems, which can also be nonlinear and time varying. 
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Furthermore, sensing at such small scales is a demanding 
task, and sensor noise often is a key concern. The problems 
faced by control engineers at the micro- and nanoscales are 
therefore among the most challenging in the field.

One of the most remarkable scientific instruments for 
manipulation at the micro- and nanoscale to emerge out 
of the 20th century is the atomic force microscope (AFM) 
[2]. The AFM is routinely used by researchers in a broad 
range of scientific disciplines to investigate and manipu-
late matter at extremely high resolutions (see, for example, 
[3]–[9]). A typical AFM consists of a nanopositioner that 
moves a sample in space with subnanometer precision, a 
microcantilever equipped with a sharp probe at its 
extremity that interacts with the sample, and an optical 
displacement sensor that measures the deflections of the 
microcantilever [10], [11]. Systems and control concepts 
play a significant role in enhancing the performance of 
this instrument.

The five articles in this special issue address some of 
the problems that are of critical importance to the shap-
ing of the field. Below is a brief overview of the topics 
that are covered.

The article by Fairbairn and Moheimani [12] offers a 
comprehensive survey of recent control design methods 
developed to improve the scan speed and the image resolu-
tion of an intermittent-contact-mode AFM. The article 
describes how an additional feedback loop around the 
microcantilever can be used to improve the performance of 
an AFM operating in semicontact or intermittent-contact 
mode. The reduced lateral forces between probe tip and 
sample have made this AFM operation mode particularly 
useful for studying soft biological samples. However, 
dynamic biological processes occur in the range of milli-
seconds, requiring a high-speed AFM capable of generat-
ing time-lapsed images consistent with the fast process 
dynamics. Most commercially available AFMs are too slow 
to observe such processes in real time. The ability to 
modify the quality factor of the AFM cantilever is the key 
to controlling the scan speed and the image resolution in 
intermittent-contact-mode AFM.

Another critical AFM component is its nanopositioning 
device. The nanopositioner is a precision mechatronic 
system that can achieve positioning accuracies on the order 
of fractions of a nanometer [13]. Examples of nanoposition-
ing platforms are shown in Figure 1. Commercial AFMs are 
typically slow devices and require nanopositioners with 
limited bandwidth. The recent interest in high-speed 
video-rate atomic force microscopy has led to tremendous 

activity focused on innovative mechanical and associated 
feedback control system designs for high-bandwidth 
nanopositioning systems [14]–[18]. Two of the articles in 
this special issue deal with this topic.

The article by Tuma and coauthors [22] provides an over-
view of recent progress in high-speed nanopositioning. The 
article proposes that the problem of achieving subnanome-
ter-scale positioning resolution in high-speed nanoposition-
ing systems requires the advancement of four key techno-
logical elements, namely, low-noise sensing, high-bandwidth 
scanners, feedback control, and well-designed reference tra-
jectories. The article discusses these requirements in detail 
and reports on concepts such as magnetoresistance-based 
position sensing, dual-stage nanopositioning, advanced 
noise-resilient feedback control, and nonraster scan trajecto-
ries. An example of high-speed AFM imaging of phase-
change nanodots is shown in Figure 3. 

The article by Shan and Leang [23] focuses on the con-
trol-oriented mechanical design of serial-kinematic 
nanopositioners and repetitive control for the high-speed 
tracking of periodic reference trajectories in nanoposition-
ing systems. Multi-axis nanopositioning systems are criti-
cal to AFMs and many other applications that necessitate 
ultrahigh-precision positioning. The article describes the 
design of a serial-kinematics nanopositioner for video-rate 
atomic force microscopy with repetitive control that is well 
suited for scanning-type applications.

The article by Salapaka et al. [24] applies concepts from 
control theory and communication theory to address some 
challenging problems in atomic force microscopy. The 

FIgure 1 From left: a piezoelectric tube scanner with sample holder, 
noise shield, and electrical connections [19]; a commercial nanopo-
sitioner; a parallel-kinematics flexure-guided nanopositioner for 
high-speed scanning-probe microscopy [20]; and a microelectro-
mechanical (MEMS) nanopositioner for on-chip atomic force 
microscopy [21]. A scanning electron microscope image of the 
MEMS device is shown in Figure 2.

The atomic force microscope is one of the most remarkable scientific 

instruments to emerge out of the 20th century.
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authors first focus on contact-mode high-resolution imag-
ing, analyze sources of spuriousness, and propose feed-
back-based strategies to correct for these effects. The second 
part of the article deals with high-speed detection of sample 
topography features using a dynamic-mode AFM. A feed-
back model of AFM dynamics, Luenberger observers, and a 
hypothesis-testing framework are used to detect topo-
graphical features without having to be constrained by the 
transient dynamic behavior of the oscillating cantilever.

The last article, by Martel [25], describes a recently 
developed method of micro- and nanoscale drug delivery 
in the vascular network. Present therapeutic approaches 
for cancer treatment, such as chemotherapy, are based on 
injecting large doses of highly toxic agents into the patient’s 
body. This leads to a low targeting efficiency and may 

adversely affect healthy tissue. Martel presents a method 
known as magnetic resonance navigation, whereby such 
agents are being navigated in the vascular system by means 
of a magnetic resonance imaging scanner. The method has 
been tested on a live specimen with a 1.5-mm magnetic 
bead using proportional-integral-derivative closed-loop 
control at 24 Hz. The author explains that reducing the size 
of objects being navigated through the vasculature leads to 
significant control challenges and proposes several solu-
tions. In addition, the article contains a survey of the field 
of micro- and nanoscale drug delivery.
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FIgure 2 A scanning electron microscope micrograph of the micro-
electromechanical nanopositioner shown in Figure 1.

FIgure 3 Topographical image of 100-nm-tall phase-change 
nanodots obtained by high-speed atomic force microscopy.
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