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Abstraci—We propose a new probabilistic coverage protocol
(denoted by PCP) thal considers probabilistic sensing models.
PCP is fairly general and can be used with different sensing
models, In particular, PCP requires the compaiation of a single
parameter from the adopted sensing moedel, while evervihing
else remains the same. We show how this parameter can be
derived in general, and we aclually do the caleulations for two
example sensing models: (i) the probabilistic exponential sensing
maodel, and (i} the commonly-used deferministic disk sensing
madel. The first model is chosen because it is conservative in
terms of estimaling sensing eapacity, and it has been used hefore
in another probahbilistic coverage prolocol, which enables us
to conducl a fair comparison. Because it is conservalive, the
exponential sensing model can be used as a first approximation
for many other sensing models. The second model is chosen
to show that our profocol can easily funclion as a determin-
islic coverage prolocol. In fhis ease, we compars our protocol
against fwo recent deterministic protocols that were shown to
outperform others in the literatore. Gur comparisons indicate
that o profocol oniperforms all other profocols in several
aspects, including number of activated sensors and total energy
consumed. We also demonsirale the robustness of our protocol
against random node filures, node location inaccuracy, and
imperfect time syachronization.

1. INTRODUCTION

Sensor networks have been proposed for many applications
such as forest five detection, area surveillance, and natural
habitat monttoring [1]. A common ground for all such ap-
plicaticns is that every sensor can detect an event ocourring
within ils sensing ronge, and sensors collaborate in some way
to deliver events, or information related to these events, to
processing centers for possible actions.

In many of the previous works, the sensing range is assumed
to be a uniform disk of radius r,. The disk model assumes
that if an event happens al a distance less than or equal fo
ry from the sensor location, the sensor will deterministically
detect this event. On the other hand, an event occuiring at
a distance vy + ¢ {e > 0) can nol be delected at all, even
for very small ¢ values (see Fig. 1{a)). The disk sensing
maodel is appealing, because it makes coverage maintenance
protocols, e.g., [2]-{4], less complicated to design and analyze.
It also makes analytical and asymptotic analysis, e.g., [5], [6],
tractable. However, it is unlikely that physical signals drop
abruptly from high, full-strength values to zero, as the disk
model assumes. This implies that there might be a chance
to defect an event occurring al distances greater than r,. By
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ignoring this exlra sensing capacily, the disk model may not
fully wiilize the sensing capacily of sensors, which may lead
to: (1) deploying more sensors than needed and thus incurring
higher cost, (i1} activating redundart sensors which increases
interference and wastes energy, and ultimately (iii) decreasing
the lifetime of the sensor network,

Several studies {7]-[11] have argued that probabilistic sens-
ing models capture the behavior of senisors more realistically
than the delerministic disk model. For example, through
experimental study of passive infrared (PIR) sensors, the
authors of [11] show that the sensing range is better modeled
by a contingous probabilily distribution, which is a normal
distribution in the case of PIR sensors. The authors of [7],
18] use an exponential sensing model, where the sensing
capacily degrades according (o an exponential distribution
after a certain threshold, as shown in Fig. 1(b). Whereas the
authors of [10] propose a polynomial function to mwodel the
probabilistic nature of the sensing range, as shown in Fig, 1{d).
TFurthermore, the authors of [9] assume that the sensing range
cant be wodeled as layers of conceniric disks with increasing
diameters, and each layer has a fixed probability of sensing,
as shown in Fig. 1(c). A probhabilistic sensing model is more
realistic because the phenomenon being sensed, sensor design,
and environmental conditions are all stochastic in nature, For
instance, noise and interference in the environment can be
modeled by stochastic processes. Sensors manufactred by
the same factory are nol deferomnistically identical in their
behavior, rather, sensor characteristics are usoally modeled
using statistical distributions.

While more realistic, probabilistic sensing models infroduce
new challenges for coverage protocols in sensor networks.
First, the sensing range of a sensor is no longer a nice regular
disk, and therefore, it becormes harder to define the notion
of overlapping between sensing ranges of different sensors.
This nolion is critical in coverage prolocols, eg, OGDC (4],
that minimize overlapping befween sensing ranges 1o activate
the minimum number of sensors while ensuring full coverage.
This imnplies that directly using probabilistic sensing madels in
coverage protocols that assume disk sensing model may yield
incorrect functioning of these protocols, such as terminating
while somne subareas are uncovered, or aclivaling more sensors
than actually needed. Most of the current coverage protocols,
including CCP [2], PEAS [12], Ottawa [13], and OGDC [4],
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