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Guest Editorial: Special Issue on Nanorobotics

R ESEARCH activities on nanorobotics comprise an emerg-
ing interdisciplinary technology area raising new scientific

challenges and promising revolutionary advancement in appli-
cations such as medicine, biology, and industrial manufacturing.
Nanorobots can be defined as intelligent systems with overall
dimensions at or below the micrometer range that are made
of assemblies of nanoscale components while exploiting the
physics at such a scale, or as larger platforms capable of robotic
operations at the nanoscale. The development of nanorobots
presents difficult design, fabrication, and control challenges, as
such devices will operate in microenvironments whose physical
properties differ from those encountered by conventional parts.
Furthermore, nanorobotics is a field that calls for collaborative
efforts between physicists, chemists, biologists, computer scien-
tists, engineers, and other specialists to work towards this com-
mon objective. As for other disciplines, research in nanorobotics
encompasses the theoretical, technological, and experimental
aspects of design, modelling, control, and validation of novel
nanorobotic devices, with applications in domains that generally
include medicine, biology, and industrial manufacturing.

In an effort to disseminate the current advances in this spe-
cialized field of robotics, and to stimulate discussion on the
future research directions while invigorating research interests
towards the development and applications of nanorobotic sys-
tems, a special issue of this issue of IEEE TRANSACTIONS ON

ROBOTICS (T-RO) has been dedicated to recent developments in
nanorobotics.

This Special Issue presents a total of 15 papers in the most
active areas of research in nanorobotics. More specifically, six
papers are dedicated to actuation presenting recent advances in
the implementation, control, and modelling of actuation meth-
ods suited for such robots operating in low Reynolds hydrody-
namic conditions and, more specifically, helical propulsion with
the force being induced from a rotating magnetic field, resonant
magnetic actuation, and self-propelled microjets and platinum
catalytic mobile nanorobots.

First, Ye et al. introduce a miniature swimming robot design
with multiple flexible artificial flagella actuated by a magnetic
rotating field. A robot with multiple, sinusoidal flagella design
is fabricated to demonstrate the capability of the proposed two-
step photolithography-based microfabrication method to handle
more complex flagella designs. In the same way, Tabak et al.
propose a computational fluid dynamics (CFD) model, which
is validated with vertical in-channel swimming experiments
on centimeter-scale bacteria-like robots. Then, a new genera-
tion of wireless resonant magnetic microactuator (WRMMA)
type microrobot—the PolyMite—has been developed by Tung
et al. The proposed polymer agents were capable of transport-
ing microobjects such as light polystyrene beads and heavier
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glass beads in water. As an alternative to magnetic technol-
ogy, self-propelled microjets are proposed. Bao et al. intro-
duce a novel catalytic mobile micro/nanorobot made only of
platinum that realizes nanometer locomotion in hydrogen per-
oxide solution. The influence of some critical factors on the
movement of the catalytic nanorobot, such as the concentra-
tion and temperature of the hydrogen peroxide solution, and
the geometry of a nanorobot are experimentally demonstrated.
Similarly, Fomin et al. propose the modeling and experimenta-
tion of propulsion mechanisms based on the catalytic microjet
engines that are fabricated using rolled-up nanotechnology. The
authors demonstrated that theoretically predicted propulsion of
bubbles is in good agreement with their observations. In ad-
dition, Khalil et al. demonstrate that the closed-loop motion
control of self-propelled microjets is rendered possible inside a
fluidic microchannel with time-varying flow rates, under the in-
fluence of the controlled magnetic fields and the self-propulsion
force.

Another recent and very active field of research in
nanorobotics is in biological and medical applications. The
manipulation of cells is a key technology. Hayakawa et al.
designed and fabricated microrobots integrated on a microflu-
idic chip (termed, on-chip robot) for in-situ cell manipula-
tion. They demonstrated a single-cell puncture with an on-chip
robot by irradiating a carbon nanotube (CNT) with an infrared
laser and generating heat at the puncture point. Furthermore,
the paper presented by Cheah et al. demonstrated that vision-
based observer techniques can be used to estimate the velocity
of biological cells. Using the proposed observer techniques,
tracking control strategies are developed by the authors to
manipulate biological cells with different Reynolds numbers.
Medical nanorobotics applications oriented towards interven-
tions such as drug delivery are of great interest. Hamdi et al.
proposed to derive guidelines for the design of the robotic super-
paramagnetic nanocapsules dedicated to cross the brain–blood
barrier (BBB) by using magnetic forces. The main novelty of
the study is to carry out molecular dynamics simulations to de-
termine design criteria that optimize their penetration into the
BBB. In a similar way, Fruchard et al. proposed to estimate the
blood velocity to enhance the navigation of a polymer-binded
aggregate of ferromagnetic nanorobots immersed in a blood
vessel.

Finally, industrial applications of micro/nanorobotic manipu-
lation systems will complete this Special Issue. First, two papers
on stiffness measurements inside a scanning electron micro-
scope (SEM) are presented. Mikczinski et al. proposed a work
dealing with the nanorobotic and nondestructive assessment
of the stiffness properties of nanopaper made of microfibril-
lated cellulose. Back-calculations of Young’s modulus show the
agreement of the newly found results with conventional tensile
testing results. In the same vein, Abrahamians et al. were able
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to measure a cartography of local stiffness variations on a sus-
pended micromembrane by a tuning-fork-based dynamic force
sensor. Experiments were successfully conducted individually
on a batch of 200-nm-thin InP membranes with a nanometer
force resolution. Second, three other papers dedicated to the au-
tomatic control of micro- and nanomanipulation systems are re-
ported. Song et al. proposed a non-vector space control strategy
based on compressive feedback in order to improve the accuracy
of scanning probe microscopy-based nanomanipulations. An
application of carbon nanotube local electrical property charac-
terization based on a non-vector space motion control is shown
by the authors to clearly verify the concept. Then, Liu et al.
present a technique to automatically locate end-effector tips in
a micromanipulation system. Quantitative results are reported
in the speed and success rate of the autolocating technique. In
the last paper, Du et al. report the design of a parallel micro-

manipulation platform for intersatellite optical communication.
It employs flexure hinges as the passive joints and orients its
moving platform by means of six piezoelectric actuators.

We are grateful to all authors who submitted their papers for
publication in this Special Issue. We would also like to acknowl-
edge the tremendous efforts of the reviewers to complete this
task on time. Finally, we would like to thank the former Editor-
in-Chief of the IEEE TRANSACTIONS ON ROBOTICS, Prof. Seth
Hutchinson, and the Editor, Prof. Bradley J. Nelson, for their
enthusiastic support for this Special Issue.

ANTOINE FERREIRA, Guest Editor
INSA Centre Val de Loire, France

SYLVAIN MARTEL, Guest Editor
Polytechnique Montréal, Canada
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