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1 Introduction
In this work, we have studied the problem of arranging
randomly scattered wireless sensor antennas in a way that
guarantees the connectivity of the induced communica-
tion graph. The main challenge here is to minimize energy
consumption while preserving node connectivity [2].

In order to save power, increase transmission capac-
ity and reduce interference, antennas should communicate
along a wedge-shaped area, that is, an angular and prac-
tically infinite section of a certain angle α whose apex is
the antenna (see Figure 1). The smaller the angle is, the
better it is in terms of energy saving.

We show that when the number of network nodes is
big enough, the required α approaches zero. Our results
show that if one can adjust the direction of the antennas,
then in order to guarantee the network connectivity, the
angle should be Θ

(
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)
. In contrast, if the direction of

the antenna is a random variable, then the angle should be

Θ
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4
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)
. This gives a polynomial gap between the

two models.
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Figure 1: Fixing at each point two opposite wedges of angle α with di-
rection θ define the communication graph G(V,E)= ({u,v,w} ,{(u,v)})
on the disk. Note that G is not connected.

2 Our Approach
Our main results handle two different settings. The first is
related to the case where all the antennas are directed to
one reference point (specifically, we used the center of a
disk). The second model generalizes the results by deal-
ing with randomly chosen locations and directions with
no prior knowledge.

Considering the case where the antennas’ communi-
cation angle α is directed to the center of the disk, we

define three models, prove their equivalence by the use
of Poisson approximation and geometrical considerations
and use one of them to resolve the connectivity threshold.

We also relate the general case, when we are given a set
of distributed points on a disk that their direction is ran-
dom. Observing that this problem has three dimensions,
it makes sense to use a three-dimensional object, namely
a torus T in R3 such that the unit disk is swept around an
axis with length 2π (all the possible directions) where the
probability is representing by the volume of T (see Fig-
ure 2).

Afterwards, we find the minimal angle that promises
connectivity using the relation between the covering and
the connectivity problems [1].

Our work defines theoretical bounds on how small the
angle of the directional antennas can be in order to main-
tain connectivity. We believe that much more work is
needed in order to understand the geometry of the net-
work with directed antennas, and that this paper is a step
in this direction.

Figure 2: The torus T ∈ R3 achieved by sweeping the unit disk (blue
circle) around an axis of all possible directions (red). This model help
us to calculate the communication threshold using the torus volume.
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