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ABSTRACT

Cooperative communications among group of teleoperated unmanned ground vehicles (UGVs) allows to
exploit spatial diversity in wireless fading channels by relaying signals between each other. Due to the
high speed of the UGV, the nature of the channel environments and the possible co-channel interfer-
ence, the effect of multipath propagation and the Doppler spread are more pronounced. In this article,
we proposed a low complexity dynamic channel assignment (DCA) technique with adaptive modulation
and coding (AMC) strategy to allocate the available bandwidth over a number of communications links
in a cooperative UGV network. In many processing algorithms and transmission protocols reported in
the literature, performance improvement in terms of system throughput and reliability has been dem-
onstrated. The proposed DCA with AMC in a cooperative UGV network has two objectives. First, to
maximize the overall throughput of the cooperative UGV network and second, to significantly reduce
the probability of outage in the system. In this article, the outage is defined as the percentage of time
the links are incapable of supporting a minimum required transmission rate which is determined by the
application. The DCA approach is formulated in terms of a binary optimization problem that is solved
using the branch-and-bound method. The authors assum the links in the network to be Rayleigh faded
and we used a finite state Markov chain (FSMC) for their modeling. Using Monte Carlo simulation, we
showed that the proposed DCA approach in a cooperative UGVs provides significant gain in the overall
throughput and reduction in the outage probability compared to the static channel assignment (SCA).
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INTRODUCTION

Nowadays, traffic transportation systems faces
a lot of challenges, such as advanced traffic
management, vehicle control, safety control, and
networking and information services for users on
the road. One suggested solution is developing
cooperative unmanned ground vehicles (UGVs)
to improve the safety, security and efficiency of
the transportation systems, and to enable new
mobile services and applications for the travel-
ing public. The main challenge that a cooperative
UGV network faces is the harsh nature of the
communication links. The links in a network of
UGVs suffer from many problems like power
fluctuation of the received signal due to multipath
propagation and Doppler spread that becomes
more severe at high speeds and high carrier
frequencies. Besides, the limited weight of the
UGYV imposes a restriction on its mission times.
Therelaying cooperation problem appeared in the
information theory community (Cover, 1979), and
were inspired by the concurrent development of
the ALOHA system at the University of Hawaii.
The relay channel model is comprised of three
terminals: a source that transmits information, a
destination that receives information, and a relay
that both receives and transmits information in
order to enhance the communication between
the source and the destination. Recently multiple
relays have been examined in (Kramer, 2005).
Combination of relaying and cooperation are also
possible, and are often referred to as cooperative
communications and most of these models fall
within the broader class of generalized feedback
wireless channels (Cover, 1981). Unfortunately,
the fundamental performance limits, in terms of
Shannon capacity are not known in general till
now. Although, some useful bound in capacity have
been obtained. The application of cooperative di-
versity in communication system has been proved
to have significant performance improvement in
terms of various performance metrics, including,
capacity as in (Kramer, 2005), improved reliability
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as in (Laneman, 2004), diversity multiplexing-
tradeoff in (Azarian, 2005), and bit/symbol error
probability in (Sendonaris, 2003).

In (Edrich, 2002), Edrich & Schmalenberger
proposed the use of combined direct sequence
spread spectrum (DSSS) and frequency hopping
spread spectrum (FHSS) technique to reduce the
effect of interference in the unmanned airbone
vehicle (UAV) wireless links. This technique has
the advantage of averaging the effect of interfer-
ence but not avoiding it. Using dynamic channel
assignment (DCA) with adaptive modulation
and coding (AMC) (Ye, 2002), it is possible to
significantly reduce the effect of interference by
assigning sub-channels to the links with better
conditions (since these sub-channels experience
a better signal-to-interference plus noise ratio
(SINR) over that link). Two recent contributions
(Song, 2005; Song, 2005) showed that using
the inherent frequency diversity of OFDM can
optimize the network throughput by using AMC
according to the channel state information (CSI)
of'each sub-channel. The quality of service (QoS)
and the utility-oriented bandwidth allocation was
studied in (Cao, 2002).

To the best of our knowledge no such per-
formance analysis and optimization have been
performed for teleoperated cooperative UGV
network taking into consideration the complexity
of the cooperative UGVs relay channel. In this
article we propose a DCA with AMC approach
in a cooperative UGV network to optimize the
performance in terms of UGV network throughput
and communication link reliability using relay
transmission with optimal resource allocation.
We adopted a finite state Markov chain (FSMC),
previously introduced in (Wang, 1995) to model
the Rayleigh fading in the wireless links. Each
UGV is assumed to have a certain QoS require-
ment, which depends on the application the UGV
is assigned for. Our objective is to maximize the
network throughput and to reduce the system
outage (i.e, increase reliability) through DCA
of a group of sub-channels while satisfying the



10 more pages are available in the full version of this document, which may
be purchased using the "Add to Cart" button on the publisher's webpage:

www.igi-global.com/chapter/throughput-optimization-cooperative-

teleoperated-ugv/53172

Related Content

Requirements to a Search Engine for Semantic Multimedia Content

Lydia Weiland, Felix Hanserand Ansgar Scherp (2014). International Journal of Multimedia Data
Engineering and Management (pp. 53-65).
www.irma-international.org/article/requirements-to-a-search-engine-for-semantic-multimedia-content/120126

FDD Techniques Towards the Multimedia Era

Athanassios C. lossifides, Spiros Louvrosand Stavros A. Kotsopoulos (2005). Encyclopedia of Multimedia
Technology and Networking (pp. 315-323).
www.irma-international.org/chapter/fdd-techniques-towards-multimedia-era/17263

Board Game Supporting Learning Prim’s Algorithm and Dijkstra’s Algorithm

Wen-Chih Chang, Te-Hua Wangand Yan-Da Chiu (2012). Methods and Innovations for Multimedia
Database Content Management (pp. 256-270).
www.irma-international.org/chapter/board-game-supporting-learning-prim/66698

Sociocultural Implications of Wikipedia

Ramanijit Singh (2009). Encyclopedia of Multimedia Technology and Networking, Second Edition (pp. 1333-
1338).

www.irma-international.org/chapter/sociocultural-implications-wikipedia/17553

Automated Filtering of Eye Movements Using Dynamic AOI in Multiple Granularity Levels
Gavindya Jayawardenaand Sampath Jayarathna (2021). International Journal of Multimedia Data
Engineering and Management (pp. 49-64).
www.irma-international.org/article/automated-filtering-of-eye-movements-using-dynamic-aoi-in-multiple-granularity-
levels/271433



http://www.igi-global.com/chapter/throughput-optimization-cooperative-teleoperated-ugv/53172
http://www.igi-global.com/chapter/throughput-optimization-cooperative-teleoperated-ugv/53172
http://www.irma-international.org/article/requirements-to-a-search-engine-for-semantic-multimedia-content/120126
http://www.irma-international.org/chapter/fdd-techniques-towards-multimedia-era/17263
http://www.irma-international.org/chapter/board-game-supporting-learning-prim/66698
http://www.irma-international.org/chapter/sociocultural-implications-wikipedia/17553
http://www.irma-international.org/article/automated-filtering-of-eye-movements-using-dynamic-aoi-in-multiple-granularity-levels/271433
http://www.irma-international.org/article/automated-filtering-of-eye-movements-using-dynamic-aoi-in-multiple-granularity-levels/271433

