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Abstract  Directional antennas have received considerable attention in the last few years due to
the spatial-reuse they provide which increases the potential capacity of wireless networks. But the
topological connectivity of beamforming antennas in multi-hop wireless networks is more compli-
cated than topologies for wireless networks with omni-directional antennas. Topology control
aims to maintain network connectivity and reduce energy consumption for Ad hoc networks using
directional antennas. In this paper, the authors employ quadrat statistical methods to derive ana-
lytical expressions to determine the critical neighbor number for randomized beamforming net-
work model. A distributed neighbor-based topology control protocol, referred to as the RBNTC,
is proposed to maintain the outdegree of every node equal to or slightly below a specific value K.
The protocol exchanges exactly bound messages; another positive feature is that it is based on
distance estimation only, which can be implemented at a reasonable cost. Extensive simulations
are carried out, which show that the RBNTC is to achieve a high probability (more than 99%) of
connectivity while constructing a wireless network topology with minimum-energy property. Sim-
ulation results show that the proposed protocol achieves considerably better performance than the
topology control protocol K-Neigh based on omni-directional antennas in terms of power efficien-

cy and traffic carrying capacity of the network.
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Background

Directional antennas have received considerable attention
in the last few years due to the spatial reuse they provide
which increases the potential capacity of wireless communica-
tion. Moreover, there are also benefits of power efficiency
with directional antennas as they radiate power in only the
desired directions. Two types of directional antennas have
mainly been considered. steered beam and switched beam
from the class of smart antennas. Steered beam directional
antennas radiate power in only a certain direction, but the
point of maximum gain can be steered as desired to always
utilize the peak gain for transmitting and receiving. This is
far superior to the performance of a switched beam system.

But the topology of Ad hoc networks using steered beam
directional antennas is more complex than that with tradition-
al omni-directional antennas. In particular, we focus on ran-
domized beamforming where each node forms its main beam
into a randomly chosen direction, a simple scheme that does
not require any coordination among nodes and is therefore ap-
pealing in terms of practical implementation in a completely
distributed Ad hoc network. Does random direction beam-
forming improve the overall connectivity among nodes? An
answer to this question is by far not obvious. Beamforming
enables nodes to transmit to a higher distance, but this in-
crease in transmission range is bounded to a certain direction.
Hence, the nodes lose links to nodes located nearby and

might end up being isolated if the main beam is too narrow.
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Moreover, if all the nodes used the maximum transmission
power, we observed that network performance do not signifi-
cantly increased in randomized beamforming Ad hoc net-
works,

This observation is our motivation to investigate the to-
pology control for Ad hoc networks with random direction
beamforming. The goal of topology control technique is to
control the topology of the graph representing the communi-
cation links between network nodes by adjusting the trans-
mission power of nodes. The main contribution of this paper
is to propose a topology control algorithm constructing a
power-efficient topologies for a wireless Ad hoc network with
randomized beamforming. Using a combination of analytical
and simulation-based methods, we give a tight lower bound
for the critical neighbor number that is necessary to obtain an
almost surely connected network on a bounded area of given
size. Moreover, we present a topology control protocol that
is fully distributed, asynchronous, and localized. Not only
the constructed topology demonstrate significant reductions
in the power required keeping the network connected, but
also simulation results show that the proposed protocol sig-
nificantly improves the network performance.
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