GUEST EDITORIAL

WIRELESS COMMUNICATIONS IN NETWORKED ROBOTICS

ver the last two

decades, the success of

wireless communica-
tions has exceeded our expec-
tations, from both the
marketing and technological
aspects. It is evolving toward
next-generation systems
thatwill support wireless ser-
vicesin the mostspectral and
energy- efficientways. At the same time, we have observed rapid
technical advancesinradio access. Among other areas, we would
like to draw attention to the following aspects.

Wireless multihop communications: Wireless multihop
communications has been a key research issue in recent
years in both academia and the wireless industry. It
includes ad hoc radio networks, sensor networks, wireless
mesh networks, and mobile multihop relay systems. With mul-
tihop capability, wireless communications can be com-
bined with cooperative communications and network coding,
which have attracted even more researchers. In many
wireless multihop networks the merits of capacity enhance-
ment and coverage extension go beyond the delay caused
by multihop relay. However, there are unresolved issues
that may not necessarily be technical; one question regards
the motivation of a relay node to allow packet relay for
others by consuming its own energy. There is also a securi-
ty issue in multihop communications: one’s own data
transmission is received by someone else in close proximi-
ty. Multiple hops also increase latency andjitter, which is prob-
lematic if real-time communication is needed. In this
regard there is still controversy over commercialization of
wireless multihop communications.

Node mobility: In wireless communications node mobili-
ty is an important service to users. On the other hand,
mobility does not come free, as one needs to deal with
channel fading on both large and small scales. Handling
node mobility has been a difficult task in all layers of com-
munication protocols. Recently, there has been a group of
researchers investigating exploitation of node mobility for
enhancing network capacity. Nevertheless, node mobility is
regarded asuncontrollable in wireless system design. However,
if we could control node mobility (position, speed, etc.), we
might then think of cross-layer optimization with node
mobility (e.g., mobility and MAC, mobility and routing,
mobility and transport control). Still, it is not clear in which
applications we can control node mobility and take that into
acount for cross-layer optimization.

Networked robots: Multiple robots with communication
functions have been studied in the automatic control and
robotics society. While it started with a client-server type com-
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munication prototype
between robots and an
access point, it has now
evolved toward teams of
robotssupported by wireless
ad hoc networks. The main
motivation for connecting
the robots is to achieve a
common mission of the
robots in a distributed and
parallel manner. In many practical applications this approach
ismore efficient and economical than the approach with a sin-
gle intelligent robot. Recently, many researchers note
group behaviors found in small insects or animals such as ants,
birds, and fish, trying to mimic such behaviors through the
control and coordination of a team of robots with their
local interactions. The classical robotic approaches need
to model the environments based on sensors and actua-
tors, and also to analyze behaviors of members in a group
of robots. However, effective communication among
robots is a difficult issue in the coordination of group
behavior. Real-time wireless communication can help dynam-
ic resource management and self-organization for a team
of cooperative robots. The multiple robots communicate with
each other, sharing the same mission. In this respect wire-
less communication is an excellent candidate for inter-
robot information exchange.

Machine-to-machine communications: Machine-to-machine
wireless communications will become more important than the
current paradigm that focuses on machine-to-human or human-
to-human information exchange. It will open new research chal-
lenges to wireless system designers. With this paradigm
shift, the average distance between communication pairs
will continuously decrease. This shortened distance will
shape the radio network to be far more interference-limit-
ed. The randomness of the network will be expanded in
terms of node mobility, interference, and energy consumption.
It would be a difficult task to design effective communica-
tion protocols for handing such randomness.

This special issue is an attempt to bridge two areas, wire-
less communications and networked robotics, and also to
provide a common ground for both fields. We have chosen
five articles. First, Birket al. introduce the issues of safety, secu-
rity, and rescue robotics (SSRR), which constitutes one of
the major applications in the networked robotics area; net-
worked mobile robots can be applied to exploration of dan-
gerous and inaccessible environments. In their article the authors
introduce issues and problems of wireless communications
for the ad hoc networking of multiple robots, and propose a
communication framework for teleoperationin SSRR, togeth-
er with field tests.
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One such specific SSSR example can be found in the
group of communicating robots where the mission is to
move toward a position while keeping a predefined forma-
tion of the robots (like marching soldiers) . From the wire-
less communications perspective, such group behavior can
be supported by efficient routing and media access control
(under node mobility), which should then be cross-opti-
mized and combined with control algorithms. The article by
Pohjola et al., investigates the issue in controlling multiple
networked robots using efficient routing algorithms and a pack-
et prioritization scheme. They report simulation results
using a simulator developed at Helsinki University of Tech-
nology.

The article by Tekdas et al. investigates the problem of
collecting data from the sensor nodes using traveling
robots. The main motivation is to save energy in sensor
nodes by providing “delivery service” for the sensed data to
sink noded. At first glance, the issue is related to the travel-
ingsalesman problem (TSP). Unfortunately, the so-called data
harvest problem is even more complicated due to the inter-
disciplinary issues of localization, robot path planning, and
communication protocols.

The article by Lindhé and Johansson investigates com-
munication-aware motion control issues. In the article the
authors consider the idea of “surfing on fading channels” by
mobile robots that communicate with a base station. The authors
provide new insights into mobility control of multiple com-
municating nodes (robots). Robots can control their motion to
communicate at better positionsinradio channels. Two strate-
gies, periodic stopping and controlled stopping, can improve
average channel capacity of the robots. The article by Smith
et al. is related to the Lindhé and Johansson article, where
the authors report their measurement results on the gain of
moving to a better position under fading channels. The
gain, known as RF-Mobility Gain, is investigated empirical-
ly over a wide range of frequencies.

For this special issue, we received 36
papers, ranging from robot path plan-
ning to underwater wireless robots to
the ad hoc network routing design
forrobotteams.The growing interest in
this interdisciplinary subject is obvi-
ous from the large number of submis-
sions. Due to space limitations, many
high-quality papers could not be
included. In particular, we regret
those that were not included because
the papers are more suitable to trans-
actions rather than the more general
readers of IEEE Wireless Communi-
cations.

The guest editors would like to
thank the authors of all submissions. The
experts are selected from both the
robotics and communication fields to
ensure a fair and rigorous review pro-
cedure. The guest editors would like
to appreciate many experts who under-
took the demanding review process.

Finally, we would like to thank the

Editor-in-Chief, Prof. Abbas Jamalipour, for giving us help-
ful guidelines.
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