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|. INTRODUCTION 3
To successfully perform the assigned sensing tasks by a
wireless sensor network, sensors must both form a connected

network via multi-hop wireless communication, and coveg th

. ; - : (a) (b) (c)
entire working area or some specific locations. Therefoee, d
ploying a wireless sensor network to provicennected coverage
becomes a critical research issue. Most of the existing work
[1] on the connected coverage problem typically assumes-omn
(d) (e) ®

directional sensors with disk-like sensing coverage. H@ren
real deployment, certain sensors may only possess limetiesirsy Fig. 1
coverage, such as sector (or directional) sensing coverage

to equipment constraints or environmental impairmentsthia \ye||-known Geometric Disk Cover problem, this problem is-NP
work, we investigate how to efficiently deploy directionahsors hard, and thus we turn to find an approximation algorithm and
to form connected networks to cover a set of point-locations yerive the algorithm’s approximation ratio.

the entire target area. To our best knowledge, this is thieeffifsrt
to address such problems.

Examples of Sectors Anchored by One, Two and Threet®oi

In order to tackle the connected point-coverage problem, we
first need to solve another NP-hard problem, namely the Geo-
metric Sector Cover problem, which seeks to use a minimum

Il. NETWORK MODEL AND PROBLEM FORMULATIONS number of sectors(r, a) to cover a given point seP. We start

We consider stationary, directional wireless sensors, sehaowith following definition.
sensing coverage is a sector centered at each sensor withiagse ~ Definition 3.1: [Anchored Sectdr A sector s; is an anchored
radiusr, and a sensing angle. Moreover, since the directionalsector if it satisfies one of the following three conditio() s;
sensing capability is orthogonal to a sensor's commuminaticovers one point, and a coincides with the center of;, as
capability, each sensor is still assumed to have an omagtiimal shown in Figure 1(a); (2); covers two or more points, and there
communication coverage, which is a circle centered at emcbos  exist two pointse andb such thatz andb are on the same edge
with a communication radius.. (arc) of s;, anda coincides with one of the end points of this

In this work, we assume that the sensing anglés within edge (arc), and there exist no other points located on ther oth
interval [0, ]. Also, for the ease of description, we assume thege (arc), as shown in Figures 1(b) and 1(c);s33overs three
communication radius is equal to the sensing radiusys = r., 0or more points, and there exist three poiat$ andc such that
and use- to stand for both, and usér, o) to represent the sectora, b andc are on different edges (arc); arandb are on the same
sensing coverage. Note that the algorithms and analyssepted edge (arc) ofs;, while ¢ is on one of the other edges (arc), as
in this poster can be easily extend to situations wherg r..  shown in Figures 1(d), 1(e) and 1(f).

We study the following two connected coverage problems for Algorithm 1 presents our algorithm for the Geometric Sector
directional wireless sensor networks. Cover problem, and Theorem 3.2 presents the approximadtan r

e Connected Point-Coverage Problemhich seeks to deploy of Algorithm 11.

a minimum number of directional sensors to form a connectedTheorem 3.2:Let P be a set of points, ang(r, o) be a sector.
network to cover a given set of point-locations scattered RD Algorithm 1 is anO(log|P|)-approximation algorithm in terms
plane. of the number of sectors(r, &) required to coverP.

e Connected Region-Coverage Problemhich seeks to find an ~ With Algorithm 1, we are now able to present our algorithm
efficient pattern to deploy directional sensors to form anemted for the connected point-coverage problem, which consiste/o

network to cover an infinite 2D plane. steps. In the first step, we execute Algorithm 1 on the givéioe
point-locations. In the second step, we connect all of tmses
I1l. CONNECTEDPOINT-COVERAGE PROBLEM deployed in the first step. The complete algorithm is given in

Algorithm 2, and Theorem 3.3 gives its approximation ratio.
Theorem 3.3:Let P be a set of points, and lef(r,a) be a
directional sensor. Algorithm 2 is a@(log|P|)-approximation

In this section, we present an algorithm for the connectéutpo
coverage problem. Since this problem is a generalizatiothef
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Algorithm 1 Greedy Algorithm for Geometric Sector Cover

1: INPUT: Sector s(r,«) and a set of points P.

2: OUTPUT: A set of sectors S that covers P.

3R« P; S« ¢;i=1,

4: While R is not empty
e Find a sectos;(r, o) anchored by one, two, or three points
in R that covers a maximum number of pointsif) and let
R; be the set of points of? that are covered by;;

e S=SU{si}; (b)
e R=R\ R;;

. \1 ¢ Fig. 2. (a) An inscribedp-hexagon in a sector. (b) A tiling pattern of the 2D
=1 + ; plane with the inscribech-hexagons, where the black dots represent deployed
End While Sensors.

5. Output S;

the result in [2] does not specifically consider sectors. Werel

, _ _ the method in [2] and find that for sectors, the upper-boutid ra
Algorithm 2 Algorithm for Connected Point-Coverage Problemy ihe area of inscribeg-hexagon over the area of the sector can

1 INPUT: Sensor s(r,a) and a set of locations P. be improved to approximateBR2.7%. Our approach to finding an

2: OUTPUT: A set of connected sensors S that covers P. jnscribed p-hexagon is formally described below, and Theorem

35 — ¢ 4.2 states our result.

4: Execute Algorithm 1 onP, and put the sensors if}; e Find a p-hexagon in a sectorAs shown in Figure 2(a), for

5: Find a Geometric Minimum Spanning Tréeover {p;} (p; sectors(r, ), S and C' denote the center of the sector and the
is the center ok;, s; € S); middle point of the arc, respectively. We put this sector on a

6: For each edge;p; in T, if its length is longer ther, then ;. coordinate system wherg coincides with the origin, and”
starting fromp; along the edge;p;, put one sensor for everyis on they-axis. We find two points4 and E on the two edges
distancer until p; is connected witlp;, and put all of the of the sector with equal distance §& Then we find two more
sensors inS. points B and D on the arc such thal B, DE is vertical to the

7: OutputS; z-axis. The hexagoSABCDEis a p-hexagon.

Given such an inscribeg-hexagon within a sector as shown
in Figure 2(a), the corresponding deployment pattern using
algorithm in terms of the number of sensai@, ) to form a p-hexagons is shown in Figure 2(b). Note that a tiling of the

connected network to cove?. 2D plane with inscribegh-hexagons does not always lead to a
connected network. Therefore, additional sensors, terraky
IV. CONNECTEDREGION-COVERAGE PROBLEM sensors such as nodes!; and A, in Figure 2(b), need to be

It is obvious that we need to deploy an infinite number Oqeployed_ o ggarf"‘“tee connectlvny._Smc_e the number alyrel
: sensors is vanishingly small comparing with the total nundfe
sensors to cover a 2D plane. Moreover, there must exist some g :
. . sensors, the overlapping areas introduced by relay seoanrke
overlaps among the sensing range because the sensing fange o

each sensor is a sector. Unfortunately, finding the optiratie mitted.
; ety 9 b m Theorem 4.1:[2] Each convex body: contains g-hexagom
to cover a 2D plane with sectors is still an open problem even

i RY343 (o
if we remove the connectivity constraint. Therefore, weuf®c such that the area f is no less tharm3™= (= 80.8%) of the
on finding an efficient deployment pattern so that the averaarea Ofk. .
“Theorem 4.2:Each sectos contains ap-hexagonh such that

overlapping area of each sensor is bounded. . V3
We start with some definitions. Given a convex boklya the area of: is no less tham (~ 82.7%) of the area of.

packing with k is a setP, = {k;} (k; is congruent td) such that
all of the convex bodies i, are mutually disjoint; aovering
with & is a setCy, = {k;} (k; is congruent tok) such that the ~We present anO(log|P|)-approximation algorithm for the
union of all of the convex bodies i, is the entire 2D plane; a connected point-coverage problem. We also give a solution t
setT, = {k;} (k; is congruenttd) is atiling with k if T}, is both find an inscribegh-hexagon in sectors along with the tiling pattern
a packing and acovering with k, andk is called a convex tile ©f suchp-hexagons to form a connected network to cover a 2D
if a tiling with k exists. Ap-hexagon [2] is a hexagon with a pairPlane. Our solution produces less average overlappingtaeza

of parallel opposite sides of equal length. Under this dedinj €Xisting solutions.

extreme cases are allowed, in which adjacent sides areeatli

and some sides, even the parallel ones, may be reduced ts.poin REFERENCES
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