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Abstract— The sensing capabilities of networked sensors are (represented by unit disc), following the binary detection
affected by environmental factors in real deployment and it is model. An event that occurs within the sensing radius of a
imperative to have practical considerations at the design stage ,14e is always assumed detected with probability 1 while
in order to anticipate this sensing behaviour. We investigate the . - . . .
coverage issues in wireless sensor networks based on probabilisticany event oyt§|de .th|s circle of influence is a§sumed no.t
coverage and propose a distributedProbabilistic Coverage Algo-  detected. This idealized model has been extensively used in
rithm (PCA) to evaluate the degree of confidence in detection recent research works to predict the total coverage in tigeta
probability provided by a randomly deployed sensor network. area. However, this model is based on unrealistic assumptio
The probabilistic approach is a deviation from the idealistic ¢ perfect coverage in a circular disc for all the sensors.

assumption of uniform circular disc for sensing coverage used . -
in the binary detection model. Simulation results show that area The sensing capabilities of networked sensors are affented

coverage calculated by using PCA is more accurate than the €nvironmental factors in real deployment and it is impeeati
idealistic binary detection model. to have practical considerations at the design stage irr tode

anticipate this sensing behaviour.
In this paper, we explore the problem of determining the
Recently Wireless Sensor Networks (WSN) has beencaverage, provided by non-deterministic deployment of sen
subject of immense research interest in the networking cosers, using a more realistic probabilistic coverage model.
munity. A WSN is composed of tiny sensor nodes each capablepture the real world sensing characteristics of senstes)o
of sensing some phenomenon, limited data processing ameassume that the signal propagation from a target to aisenso
communicating with each other [1]. These tiny sensor nodesde follows a probabilistic model. This assumption is only
are deployed in the target field in large numbers and theglid for certain kind of sensors e.g. acoustic, seismic etc
collaborate to form an ad-hoc network capable of reportinghere the signal strength decays with the distance from the
the phenomenon to a data collection point called sink or baseurce and does not hold true for sensors that only measure
station. local point values e.g. temperature, humidity, light etar O
WSN have the potential to influence our daily lives to a greatork therefore target applications like object trackingdan
extent and have many potential civil and military applioas intrusion detection that require a certain degree of confide
i.e., they can be utilized for object tracking, intrusioriedtion, in the detection probability. This work is based on the path
habitat and other environmental monitoring, disastervegg loss log normal shadowing model [4] although it can be
hazard and structural monitoring, traffic control, invemto extended to incorporate different signal decay models e.g.
management in factory environment and health related aoustic signal model (where signal roughly decays at sever
plications etc. [2], [3]. These myriad of applications pes square of distance) for acoustic sensors. We propose the
various design, operational, and management challenges Poobabilistic Coverage Algorithm (PCAan extension of the
wireless sensor networks. The challenges become even mmeemeter coverage algorithm of [5], to evaluate the maximu
demanding if we consider the constraints of wireless sensupported detection probability for a target area. The gseg
networks such as low processing power and bandwidth, limitalgorithm can be used to evaluate the effective coverage
battery life, and short radio ranges. that can be provided to the application utilizing the sensor
Wireless sensor networks differ from ad-hoc networks inetwork. Simulation results shows that coverage calcdlate
several ways. One of the distinguishing features is the-ntrusing probabilistic coverage algorithm is more accuratath
duction of the sensing component in sensor networks. A notltee idealistic binary detection model.
in a sensor network is thus performing two demanding tasksThe remainder of this paper is organized as follows. We
simultaneously, sensing the envoirnment and communigatidiscuss related research work in Section Il and introduee th
with each other to transfer useful information. problem area by discussing some technical preliminaries in
Sensing is a task of paramount importance for prop&ection Ill. Section IV elaborates the probabilistic cage
functioning of wireless sensor network. The sensing ca&raalgorithm. Some simulation results are presented in Sedtio
of a sensor node is usually assumed uniform in all directioasd Section VI concludes the paper.

I. INTRODUCTION



Il. RELATED WORK failures e.g. cluster head malfunctioning etc.
Our approach is similar to the perimeter coverage algosthm
The coverage problem has been interpreted in a variety goposed in [5] in that we also propose perimeter coverage
ways in existing literature. Coverage has been consideredas mean to ascertain area coverage. Two different algasijthm
terms of maximal support and breach paths, exposure, yualitNC and k-UC are proposed in [5]. Both these algorithms
of surveillance and area coverage etc. Area coverage chegkg the binary detection model. F&NC, although the
whether every point in the target area is at least covered bgeénsing range is assumed different in different directions
sensor node such that there is no coverage hole in the targ@iry location within the sensing range is always assumed
area. Our work is more related to the area coverage and hepggered/detected with probability 1. Our work differ from
we limit the discussion here to related work in area coveragfis approach in that our main assumption is that sensing
For a static sensor network (without mobility support)capabilities in all directions is always probabilistic iatore
several topology/density control protocols has been @Bego and that the detection probability depends on the relative
that select a minimal number of on-duty nodes that are actigesition of the event/target from the sensor.
at any time out of the available densely deployed nodes. This

node scheduling is feasible as long as no coverage holesappe [Il. TECHNICAL PRELIMINARIES
due to nodes being turned off for energy savings. Protosls a . )
suming single coverage includes [6], [7], [8], [9] etc. venis], The probability of detection of a target by a sensor decsease

[10], [11] etc. consider multiple coverage requirementthed exponentially with increase in distance between the taagdt

research efforts aimed at maximizing coverage at deploymdfi€ Sensor. Using the log-normal shadowing model, the path
time utilizing mobility of sensors. [12] is a computational®SS L(in dB) at a distance d is given by Equation 1.

geometry based approach, [13] [14] are potential field based d
approaches and [15] is an incremental deployment scheme. PL(d) = PL(d0) +10-n - log(d—o) + X, Q)
All these protocols assume a sensor network where all nodes
are mobility capable while [16], [17], [18] consider a hybri Where
network where only some of the sensors are mobile. d0 = Reference distance

Most of the aforementioned coverage related protocols n = Path loss component, indicating the rate at which the
assume uniform sensing ranges. Probabilistic coverage for path loss increases with distance
sensor networks has been explored in some research efforts X, = Zero-mean Gaussian distributed random variable
but in different context than our work. [19] proposes anerro  (in dB) with o-variance (shadowing, also in dB)
model targeting a location estimation application assgmin  PL(d0) = Mean path loss at reference distance dO.
probabilistic coverage for sensors. A signal strength dbas
approach is used that model a probabilistic function th
depends on the distance between the sensor and the ob
gzgr:;,tgzrz &rgt?g:s;d e?/aflljr;%leetr\]/sl%%aggﬁrzggﬁﬁ:ghégga%:and X, can be measured experimentally as in [22]. Similarly

of a sensor network. [20] give an analytical model baselaL(dO) can be measured experimentally for given event and

on probabilistic coverage to track a moving object in thaensor characteristics or can be calculated using freeespac
a}gp loss model [4].

sensor field. This approach assume that sensor deploymeri . .
bp ploy ach sensor has r@ceive threshold/alue ~ that describes

dense enough to support duty cycling of nodes to save enerﬂg - ianal th th b tv decoded
at the cost of providing probabilistic coverage. In [21]e thte minimum signa streng__ at can be correctly decode
éhe sensor. The probability that the received signall leve

authors propose a grid based clustered approach to eval @it . : . 2
the detection probability. The cluster head is responditie zt aEsens:or VZ'" be qpove fth's receive threshold)s t?"g?lf‘
calculating the probability of detection at grid points.igh y Equation 4, requiring-function to compute probability

approach assume all sensors are mobility capable and m\éolvmg the Gaussian process. Tgefunction is defined as

cluster head can direct nodes to re-adjust their positions i 1 o0 22

the topology for gain in detection probability. Qz) = —/ emp(—;)daﬁ 2
Our work is different from these research efforts in several Vo J.

ways. First we propose a computational geometry based shere

uation 1 captures various envoirnmental factors regulti
Q‘:f{erent received signal values at different locatiorth@ligh
F'distance between the target and sensor is the same.

proach assuming probabilistic coverage characteristicshe Qz)=1-Q(—=*) 3)
deployed sensor nodes. Second, the coverage is calculated a

) . . . v — Pr(d)
perimeter of each node sensing circles instead of genedaliz Pr[Pr(d) > 7] = Q[+——-] (4)
grid points. This gives us a more accurate coverage calcu- g

lations for each node. Third, the proposed approach is trdfpr a given transmit power and receive threshold value, we
distributed, all nodes run the algorithm as compared to tlean calculate the probability of receiving a signal abowe th
cluster head performing the coverage calculations as ih [2leceive threshold valuey, at a given distance using Equations
This has the added advantage of being scalable and robust tand 2.



(characteristic of event) and receive threshold for sensds
known through experiments and sensor calibration. Once the
transmit power and the receive threshold of sensors aretknow

0.9

0.8

z a probability table PT (see Table Il) can be precomputed
:g 06 (using Equations 1 - 4) that provides the detection proligbil
‘g 0s at various distances from the sensor.

g . TABLE Il

A SAMPLE PROBABILITY TABLE (PT)

0.2

o1 Distance (m)] Probability
° 2 4 6 8 10 12 14 16 18 20 22 3 0997
Distance of Target from Sensor 6 0.90
9 0.655
Fig. 1. Change in Detection Probability with Distance(m) ié 00_512'5
18 0.135

Figure 1 shows the decrease in detection probability fora ]
sensor based on shadowing model for parameters shown iip€finition 1: Effective coverage rang8, s, of a sensor
Table I. The change in detection probabilities with distanc> IS defined as distance of the target from the sensor beyond
can be represented by concentric circles drawn at const4ftich the detection probability is negligible.
distance increment around the sensor location. Each ¢irake
represent the probability of correctly receiving a signahw
strength above receiving threshold at distance equal tosa

For this work R.¢s.. is taken as the distance at which the
dprobability of detection falls below 0.1, the decision tikda
of the circle. the value less than 0.1 as negligible will be explained when

For a deployed sensor network, a point in the target regiff cover the actual algorithm. _

can be covered by more than a single sensor. To find the"ollowing definition 1, two sensorSi and.S; are consid-
cumulative detection probability at a point in the regiore weréd neighbors in region A, contributing to coverage of each
find the product of the individual detection probabilitidsati  Other, only if the Eucilidian distance between them;, ds
sensors receiving the event occurring at that point. Thas t§SS than twice the effective coverage ranggy ... Figure 2
overall detection probabilityPr of a point in the region is shows the cumulative detection probability, for two neigith

given by (5) in a region, for parameters listed in Table 1. The distance be
N tween the two nodes is 24m. If an event occurs at the midpoint
Pr=1- H(l — Pry) (5) between the two sensors &nd §, the cumulative detection
i=1 probability using Equation 5 is 0.65 while the individual
where detection probabilities for botly; and S; is 0.41. If the event
N = Number of sensor node covering a particular point is moved toward either of the sensor, the cumulative detecti
Pr; = Detection probability of a point for a sensor probability is higher than this minimal value at the midgoin
1 . . . . age -
It is obvious that the cumulative detection probability igher
TABLE | if neighbor sensors are located near each other.
Parameter Value
Transmit powerP;(Target) 24.5 dBm '
Receiving thresholdy) at sensor| -27.85 dBm 0.9
Path loss exponent (free space) 2
o 4 dBm e
Effective coverage range 20m > o7
Communication range 40m =
Region (A) 100m x 100m 8 oe
Number of nodes 60,80,100,120 & o coneort |
.§ Cumulative PrcSJtngsiDIi:)zf ---------
§ 0.4
IV. PROBABILISTIC COVERAGE ALGORITHM 8 s
The coverage not only depends on the sensing capabilities °
of the sensor but also on the event characteristics [23] e.g. ** =
target detection of military tanks as compared to deteation o ” . T o e e o
movement of soldiers depends on the nature and charaicterist Distance of Event from Sensors

of event as well as the sensitivity of the sensors involved. W
therefore, assume for this work that the transmit powgr, Fig. 2. Detection Probabilities



If preqa represents the desired detection probability (DDRjistance from the sensor providing.,q while de,q is the
for a region, a simple approach to calculate the coverageniext distance increment that is greater tllan,q providing a
to apply the perimeter coverage algorithm proposed in [Ghwer detection probability thap,cqq. Both d,eqq and deyai
assuming the sensing range of all the sensor nodes equahr® taken from the’T'.

a distanceg,.,q, from the sensor that providgg.,q. This is Node S; first detects whether it is within vicinity of the
similar to using the binary detection model with sensinggean region boundary. We assume that a node can detect boundary
set tod,.qq thus restricting neighbor relationship to sensori§it is within distanceR. s r.. from the boundary of the region.
located within twice thel,..qq. If the region boundary intersects the circle 8f at deyq,

But if we look at Fig 2, we observe that the detectiothe node marks points on the perimeter that lies outside the
probability at any location is increased by contributiorsnf boundary of region. The segments on perimeter that lie deitsi
the sensors covering that point and this cumulative effectthe region boundary (segment 6f betweenbdl and 52 in
more profound if the sensors are located near each otherFigure 3) are assigned detection probability of 1, implying
is thus possible to achieve the desired detection probahili that the sensor do not need to calculate coverage for this par
distances greater than thig.,4 by considering the contribution of the segment as it is out of region boundary.
of neighbor nodes within the effective sensing range. It is
obvious that the region bounded b¥..,q is covered by
Preqa DUt Neighbor contributions may make region bounded by
distances greater thaf)..,q covered by detection probability 1
in excess of the required detection probability,,. The basic
idea is to take the next higher distance from the probability
table PT asd..q (with lower detection probability thap,..qq)
and evaluate whether contributions from neighbors makes th b
perimeter atd.,; sufficiently covered or not. 2

Definition 2: A location in region A is said to be sufficiently
covered if its cumulative detection probability, due to s@s
located within the effective coverage range ;.. of this
location, is equal to or greater than DDP, the detection

probability desired by the application. In the next step, neighbor contributions towards detection

Th licati tlizing th work thus dict téarobability is calculated. Neighbors that are within a aligte
€ application utiizing the sensor networ us dicta deval + Refrec from S; are only considered for probability

thbe_ dcte_5|r§d tthre;,holld ft? rtﬁoverl??e ptr_Obap”ﬁ?ﬁqd gnd our: calculations, other nodes do not contribute any coverage to
objective is to check whether all locations in the given oegi ¢ perimeter atd,,,,.

are sufficiently covered or not. A node Sj that is a neighbor ofSi has several concentric
A. The Algorithm circles representing regions of different detection phbiliiées

We adopt a computational geometry based approach a(ﬁge Fig 4) . These circles can be evaluated at fixed distance

propose Probabilistic Coverage Algorithm (PCA) to checg rements or at fixed detection probability decrementsfro

e node. The value of distance increment (or probability
whether the currently deployed topology supports the requi : . :
o . decrement) being a tradeoff between the computational time
coverage probability or not. We make the following assum

tions for this work and detection granularity.
' ) ) Node S; calculates the cumulative detection probability at
- Sensors are randomly deployed in the field. intersection of circle atl.,,; with various circles of neighbor
- Location .|nfo_rmat|on is available to Faach sensor qode.Sj_ For an example refer to Fig 3. Nodg calculates cumula-
- Communication range of sensors is at least twice thge detection probability using Equation 5 at the paipthe

Fig. 3. Neighbor Contribution to Coverage

effective coverage rangéi.; se.- o intersection of its circle with radiug,,,; with its neighbor

- Sensors can detect boundary of the region if the boundagy circle ¢j. The segment on perimeter that is covered by the
is within a sensor'sie sec. circle ¢; is calculated using the cosines rule.

- Transmit power of targeP; and receive threshold for ) ) )
a sensor are known angdis the same for all the sensors. cosa = (dgyq + dij — ¢5) /(2 devar - dij) (6)

- Mean values of path loss componentand shadowing whereq is the angle subtended by the segmenbn perimeter
deviationo are assumed for all the sensors. of S;. Itis easy to prove that coverage on segmenis similar

In the initialization phase of the algorithm, a nodg to that in segmenty as total angle subtended by segment
receives location information from all of its one hop comis 2a. This calculation is repeated for all the circles of the
munication neighbors. It calculates the distances to athsuneighborS; that are intersecting; circle atd...; (see Figure
neighbors and keep them in a list sorted on distan6ésias 4). C(r,p) in Figure 4 represent the circle arour$j with
two sensing circles with radiug,.qq and deyqi- dreqa is the radiusr providing probability of detectiom.



Algorithm 1 Probabilistic Coverage Algorithm (PCA)

Required
Probability

Fig. 4. Perimeter Coverage using PCA

The cumulative detection probability is then placed on
a line segment0, 2x] representing the perimeter &, at .
deval (Se€ lower part of Fig 4). This is repeated for each,.
neighbor until whole perimeter is found covered by probgpil 5.
p > DDP. If this happens, PCA can declare that region,.
around the sensof; bounded by circle with radiugl.,.;
is sufficiently coveredbtherwise the algorithm declares that
required detection probability cannot be provided dat;

6:
and only the region bounded by circle with radids.,q is ;.
sufficiently covered. 8

The pseudo-code for probabilistic coverage algorithm is,.
listed in Algorithm 1 and some of the optimizations are
discussed here. 10:

Line No. 6 in the pseudo-code listing sorts the neighboy;.
list in order of increasing distance. This is to reduce the-co
putational time for the algorithm. As the output of the PCA».
is a binary decision, covered or not, calculating the cayera ;3.
starting from the nearest located neighbor onward inceease
the likelihood of terminating the algorithm earlier in cabe 14
perimeter is found covered with neighbor contributionsisTh 15.
is because neighbors located close to the node making the
decision influence the perimeter more than those located fgr.
away. 18:

The coverage influence check (Line 8) ensures that the
algorithm is only run when any probability circle of theig.
neighbor intersects with circle at.,,; of node running the
PCA. 20:

Lines 10-14 are better explained by looking at the Figure::

5. In Figure 5(a),5; and S; are located such tha; circle 22
at deyq is intersecting withS; circle with radiusd,.,q at 23:
pointsa andb. We can observe that the perimeter&fwith 24

Notations :

preqa = Desired detection probability

dreqa = Radius of circle around; that providesp,¢qq
pevat = Detection probability at next circle with < pr.cqq
devqr = Radius of circle around; providing peya;

pcum;; = Cumulative detection probability of; and .S;
Rt e = see Definition 1

Ga = Angle subtended by the arc on perimeter of sensor
S; circle with radiusd,,; that is covered by a neighbor
Gp = Cumulative probability of detection on perimeter of
S; circle with radiusdeyq;

C;(x) = Circle of S; with radiusx

Input :

Preqd

Neighbor locations

Probability table (PT) of probabilitie® and distance®
(precomputed)

Process:

1: ascertaine,q; andde,q; from PT

check boundary intersection with circle &t,;
if C;(devar) lies outside the region boundatiyen
mark segments on perimeter @f;(d.,.) that are
outside the boundary as sufficiently covered
end if
sort the neighbor list in ascending order of distance
for each neighboy do
if dij < depal + Reffec then
for each circle ofS; in D (C;(Dy)) that intersects
with Ci(deval) do
if Dj < deypar then

mark intersection point on perimeter of
Ci(devar) as sufficiently covered by, .qq

else
mark intersection point on perimeter of
Ci(devar) as covered bycum,;

end if

end for

update globalGa andGp
sort Ga and Gp in ascending order ofifa
if Go is all covered from0 to 27 with Gp > preqd
then
declare all perimeter af;(d.,q;) is sufficiently
covered
end algorithm
end if
end if
end for
declare perimeter ab’;(d..q;) is not sufficiently covered

radius d,.qq iS covered withp,.,q and the segment ob;
betweena-b gets cumulative probability greater than.,q.
We, thus, do not need to calculate the cumulative detection

probability for segments that intersect with neighbor lesc check whether the probability of detection in region enetbs
with radius less tham.,,; and such segments can simply b&y a, b, candd (marked by slashes) is at least,q or not. We
marked as sufficiently covered with,.,q. Considering the observe that points, b, c andd are all covered with probability
region bounded by segmeat— b in Figure 5(a), we want to at leastp,.,q and that as we move in the slashed region from



is thus sufficiently covered only if all the sensors located i
the region has their perimeters as sufficiently covered.

Each sensor calculate this perimeter coverage indepdpdent
and can report whether the region bounded by its circle with
radiusd,.,; is sufficiently covered or not. Following Theorem
1, if all the sensors report sufficiently covered perimetatrs
C;(devar), the whole region is sufficiently covered. If a sensor
finds its perimeter is not sufficiently covered, it has idiedi
a coverage hole in the region, an area that is not sufficiently
covered to the required detection probability. The infatiora
from all sensors describe the current state of area coverage
supported by the sensor network. In case of coverage hole

Fig. 5. Coverage calculations detection, this information can be utilized to deploy more
sensors in the topology or to guide mobility capable redahda
nodes to specific locations to satisfy the detection prdipabi

S; towardsS;, contribution froms; is increasing while that constraint.
from S, is decreasing resulting in slashed region being covered )
with at leastp, cqq. B. Extension

Considering the case where the intersecting circl§,dfias ~ The probabilistic coverage algorithm gives a binary de-
radius greater than or equal dp,;, Figure 5(b), the segmentcision, a yes/no, whether the region is covered with the
between points:-b is marked covered witpcum; ;, cumula- required detection probability or not. This is accomplibhy
tive detection probability. Also segment 6f betweenc-d is  distributed decision making at each sensor node. The basic
covered with probability greater tham..,q. The probability PCA can be easily extended to not only identify the presence
inside the slashed region thus increases as we move frefncoverage holes in the region but also to suggest possible
segment-b towards segment-d. To make sure this increasedeployment points in the region to cover those coverageshole
is always there, we select thiz ; s as distance from sensor atAn uncovered perimeter at circle with radids,.; indicates
which the detection probability falls below 0.1. This eresur a coverage hole. This information is readily available rafte
that the enclosed region (slashed) always has contritaitigtxecuting the PCA.
from the neighbor even when the neighbor max radius circle
(Rerrec) is being considered as intersecting with circle.
This leads to the following definition. fin

Definition 3: If the perimeter of a sensori Sircle with
radius d.,.; IS covered by cumulative detection probability
Preqd, the region inside the circle is sufficiently covered witl
detection probability at leasp, 4.

Finally, line 18 in pseudo-code listing is an early termioat
check. The algorithm checks whether the desired detecti
probability has been achieved after calculating the infteen
of coverage of each neighbor and if so, the result is declarcu
asC;(devar) sufficiently covered and the algorithm terminates.

Fig. 6. Identifying deployment point

Theorem 1: The whole region A is sufficiently covered by
preqa if all sensors in the region has perimeter, of circle with Refer to Fig 6,5t and fin are the start and end points of the
radius d..q;, sufficiently covered with detection probabilitymaximum uncovered segment (having detection probability
p > DDP. < preqd) ON perimeter ofS;’s circle with radiusdc,q;. There

can be a number of uncovered segments in the perimeter but

PROOF: Each sub-region inside the region A is bounded bye one with lowest existing detection probability is sedec
at least one segment of a sensor perimeter with circle wilthe task is to determine the deployment location where
radiusd.,.;. Following definition 3, if perimeter of a sensora redundant helper node,, can be placed such that the
at de.q is sufficiently covered, inside sub-region bounded byerimeter coverage constraint for the current node isfeatis
circle C(deva1) is sufficiently covered. Also observe that thd et p..;s; represent the existing detection probability in the
perimeter ofC(dcvq:) can only be sufficiently covered if auncovered segmenipyis: < preqa), We need to calculate
neighbor has contributed to its coverage or segment of jig.;,, the probability required out of helping node that can
perimeter lies outside the region boundary. The whole regienhancep.,;s: to at leastp,cqq.
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Original Perimeter éoverage with ser"using range = $d_‘(reqd} —

(1 — preqd) Probabilistic Coverage Algorithm
Phetp = 1 — o—Lreads @ &
o (1 - pezist) g
Phelp, given by Equation 7, is used to index the probabilitf: *

table, PT, to select appropriate distanc&, (radius of Sy),

that givesp > ppe,,. We refer to probability at this distance
as pPselect- .
Fig 6 illustrates how to calculate the coordinates for help& s
nodesS;, onceC}, has been selected. Required information fo_é

deployment location is the orientation and distance of aepl z b
ment point from the current node. The required orientationg ,,
Qdeps IS given byst+(fL2_St). Distance from the current node _

is divided intodl andd2 (see Fig 6).d1 is calculated using %% 70 % % 100 110 120
Equation 8. Total Number of Nodes

50

perime

40

cient

devar - sin (041) Fig. 7. Simulation Results

tan (al) ®

For distanced2, an additional check is made whethgy,
the circle that provide,.;..:, can completely cover the uncov
ered segment betweest and fin. If C; cannot completely
cover the segment, we have to plagg at perimeter ofS;
(total distance fronS; is d...;) t0 ensure maximum possible

dl =

we select the radius of disc in binary detection model as the
“effective sensing range, the coverage will be overestithate
The PCA thus provides a more granular and accurate estimate
of the coverage and detection probability.

coverage gain. Thus ifle,q; - sin(al) > pseiect take d2 = VI. CONCLUSION AND FUTURE WORK
(devar — d1) otherwise use Equations 9 and 10 to calculate
d2. We have proposed a probabilistic coverage algorithm to

evaluate area coverage in a randomly deployed wirelessisens

M (9) network. The proposed algorithm takes into account the vari

a2 = sin~!(

Pselect ations in sensing behaviour of deployed sensors and adopts a
dear - sin (o) probabilistic approagh in contrast to widely used Iideia:IiBnit
a2 = " tan(a2) (10)  disk model. Simulation results reflects the effectivendsh@

proposed algorithm in predicting the degree of confidence in

The orientation of the required deployment is known{,)  detection probability supported by a given deployment.
and the distance from the node is given By + d2. This e have made a number of assumptions in our work and we
information can easily be resolved into the coordinates fBTan to explore relaxing some of the simplistic assumptions
deployment. The sensor can advertise this location for 6eIp;n oyr future work. e.g., we have assumed mean values of

can bid for nearby mobile sensor nodes similar to that in.[18]5ih |oss component, , and the shadowing deviation, for

all the sensors in the region. In real deployment scenarios
V. SIMULATION SETUP and o varies spatially as well as temporally due to changing

voirnments. The consideration of different and o for

The probabilistic coverage algorithm has been imIOIememgaferent sub-regions in the sensor network will capture a
in Ns2 simulator. Simulation setup parameters are listed W 9 P

ore realistic sensing behaviour. Similarly our currentrkvo

Table 1. Figure 7 shows the number of nodes reportirgisumes an obstacles free region and this is another aspect
sufficiently covered perimeters fd?C' A and binary detection 9 . b
that needs to be addressed. Finally we plan to incorporate th

mOdeBgluhﬁZZU|ar ?S:sng|t:10\Zi\joiI:]uslqu. C;l ’ggds is 6m for multiple coverage constraint in our future work. This isfuse
pri/quith‘ 60 nodégalin 100px 1009rl?1wrlle i.on .PCA report0f Many applications for fault tolerance and triangulatio
glon, P ?ased localization etc. The multiple probabilistic cogera

perimeter coverage at 9m circle for 11 nodes while bina nstraint can thus be specified k), where K is the
detection model has only 1 node with whole perimeter cover q P @Beqa; k),
egree of coverage.

with required probability of 0.9. At higher node density &L

the corresponding values are 47 for PCA and 12 for binary

detection model. The results are for three different rarigom REFERENCES
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