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Abstract: Picking to meet certain condition with minimal coverage, sensor nodes to complete coverage and
connectivity for wireless sensor networks has become a challenging one of core problems. For this reason, one
kind based on the node mobile strategy optimal coverage algorithm was proposed. Firstly, the sensor node and
the target node mapping relation model was established, which using geometric graphic in the square will target
node planning to the inner square area, through to the mobile node scheduling strategy for the entire coverage
area for effective coverage, achieving the goal node complete coverage of the objective. Secondly, probability
expectation values were obtained through the algorithm to meet under the conditions with minimal sensor nodes,
and the optimal coverage and connectivity probability models were given. Finally, the experimental results show
that the algorithm can not only using the least nodes to complete the effective target area to be covered, but in
reducing the network energy consumption has also greatly improved, simultaneously reducing the cyber source
configuration and improving the network life cycle. Copyright © 2013 IFSA.
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1. Introduction

Wireless Sensor Network (WSN) is a network
system formed by a large number of inexpensive self-
organizing sensor nodes with these features:
computing power, perception, communication
capabilities, which is widely used in a variety of
scientific fields such as defense monitoring,
environmental monitoring, mine rescuing, medical
and transport. Coverage and connectivity has become
one of the basic problems of wireless sensor
networks research [1-3]. Reasonable and effective
coverage in wireless sensor network coverage
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application process helps to increase the effective
suppression of the network nodes energy, improve
the perceived quality of service and extend the
overall network lifetime. It also increases the cost of
network-related data transmission, information
management, data storage and calculation. Under the
premise of meeting certain coverage and connectivity
rate ratio, the network lifetime has become a very
crucial topic.

Therefore, how to fulfill the coverage and
connection of designated regions and suppress the
excessive energy consumption of sensor nodes at the
least sensor nodes under the condition of certain
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coverage is a challenge. Based on the above ideas,
three issues should be solved: first, planning the
monitored target node to a square region, the
association model between the sensor node and
destination node is established to place the target
node within the range of the sensor nodes. Secondly,
by using of the mobile node scheduling strategy and
parameters dynamically change, coverage region of
mobile node is reduced, which achieves effective
coverage of the target region, and enhance the
network topology. By calculating and reasoning of
the side length of covering region, the number of
nodes required under the different rates of coverage
and connectivity.

In recent years, many domestic and foreign
experts and scholars put forward many theories and
solutions on the coverage of wireless sensor networks
and connectivity issues [4-6]. In addition, with the
increase of the sensor nodes and coverage region
changes, the complexity of the algorithm will become
larger, and thus computational efficiency will
reduces [7-8]. The coverage -configuration protocol
(CCP) proposed by reference [9] is to judge the
distributive node functions qualification using the
local node location information, which is when the
communication radius is greater than or equal to
2 times the sensing radius and the network k-cover
the given convex region in the region, the network is
k-connected, thereby promoting its agreement to
meet the multi-coverage requirements. LEACH
protocol has been improved in reference [10]. The
main idea is: clustering routing algorithm uses
periodic random selection of cluster head node to
balance the node energy consumption and to achieve
the purpose to extend the network lifetime.

Under the premise of maintaining a certain
coverage and connectivity rate, in the operation of
each data retrieval collected by the sensor nodes, a
subset of a sensor node is selected to collect data and
to realize nodes subsets dynamic scheduling
conversion mechanism, and thus achieve the optimal
choice for each subset of data acquisition, thereby
optimizing the number of nodes, improving network
stability and extending the lifetime of wireless sensor
networks. Finally, the number relations of nodes
needed to be deployed in coverage and connectivity
is given under the condition whether there is
influence of edge node.

2. Definition and Network Model

2.1. Assumption and Definition

The coverage and connectivity this paper studies
is based on local positioning algorithm and has the
following basic assumptions:

Assumption 1: The covering radius and
communication radius of each node showed a
disc-shaped.

Assumption 2: the specific location information
of its own node is obtained through some localization
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algorithm, such as: the RSSI location algorithm, the
Euclidean positioning algorithm, without
the  participation  of  large-scale  physical
communications equipment.

Assumption 3: All sensor nodes are randomly and
uniformly deployed in square in side length !/
monitoring region £ with consideration of the
boundary of deployment region.

Assumption 4: The perception of each node is
much smaller than the entire network coverage
region, and all nodes are isomorphic and initial
energies are equal.

Definition 1: Set up a two-dimensional plane E,
the coordinates of the nodes s; (x; y;), the coordinates
of the target #; (x;, y3), the Euler distance between the
nodes s; and ¢, is less than s;, perception radius r,: that

iS ES: = {[k |tk EEZ,D(S’.’[k) S ”;} Iy Said pOint tk iS
covered by s;.
Definition 2: for a given target set T={t,t,t3 "t}

and the sensor node set V={v;,v,,v3-*v,} , in a time
slot, if the target set 7 in any goal # is covered by at
least one node within node set V, then the target set T
is full coverage.

Definition 3: suppose that nodes s;, s;, the target
regions they cover are C; and C;, and C,(1C L #= D, s0

nodes s; and s; are coverage connected. Suppose that
T is an m nodes set randomly distributed in the target
region, E is the set of edges of the network figure,
indicating that the e; = 1 positional relationship in e;;
e; represents the positional relationship of node s; and
the target node #. When e¢; = 1 when and only when
the Euclidean distance of target node ¢ and the node
s; 1s less than or equal to the perception radius 7,
otherwise ¢; = 0. W ={w,w,---w,} is the initial

energy set of sensor nodes; W is in normal
distribution; the w; represents initial energy of sensor
node s;; w; is the maximum energy in the process of
node work.

Definition 4: In the monitoring region any point at
least at the same time located in the perception range

of K nodes is known as the K re-cover. That is
c+k

4, € ﬂAs,. , where 1<c<n.
i=c
Definition 5: coverage rate of a point s; in
coverage region is as follows:

0 if R<d(s.s;)
p(s,.,sj)z e if (Rx—Rf)<a’(si,sj)<Rv (D)
1 if d(s.s,)<(R-R)

which d:d(s,.,sj)—(Rs—Re) , & is physical
parameters of the sensor node; R, represents the

monitoring dynamic parameters of the sensor nodes;
d (si,s j) represents the Euclidean distance between
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the sensor nodess;,s;; When the coverage p(s,,s j)

of a node s, meets d(sl.,sj)s(Rx—Rg), then the

node is detected, otherwise not [11].

2.2. Parameter Establishment
and Variable Description

I: side length of the square coverage region;

Q: the network region, i.e. Q=/*

n: number of randomly deployed network nodes;

ry: the sensing radius of sensor nodes, r,</;

7, the communication radius of sensor nodes, ,</;

E(C): The expectations of sensor node coverage ;

P(S,): a network expect coverage rate of n randomly
deployed nodes;

P(C,): network connectivity probability of n
randomly deployed nodes.

2.3. Network Model

Usually, coverage directly reflects the extent that
the objectives are concerned, the concerned target
node region having higher coverage, taking into
account the functional relationship between sensor
node p in the region II expectations and coverage
region, shown in Fig. 1.

[
-

. Work node

QO  Sleep node Y¢  The target node

Fig. 1. Diagram of connective coverage of target region
and node p in II region.

Fig. 1 shows the relation model of working sensor
node, dormant node and target node. The black
sensor nodes are in working state, and the rest are in
a dormant state. Relation the information obtained by
perception of the target node.

3. Network Properties Calculation
and the Algorithm Description

Now take the analysis of Fig. 1 as the example.
The square region 1 is divided into I and II two parts.
Randomly deploy the nodes in the monitoring region
to construct a finite set S with the coverage region of
each node being FE(C), so that the coverage
probability of each node is £(C)/Q2. When the nodes
set is empty, the network coverage of the n deployed
nodes will be P(S)=(I-E(C)/Q)" Thus the network
nodes probability value has been obtained in the
situation that collective S is not an empty set.

P(S)=1-(1-E(C)/Q) )

When a node is in the area between I and II, the
boundary coverage of the network coverage area can
be shown in Fig. 2.

Fig. 2. The boundary coverage of the network
coverage area.

When the number of nodes n—>ow |
lingc E(P(S))=1, which indicates that the number of
nodes is large enough, this coverage region is
completely covered [12]. Considering the boundary
effect in solving the node coverage region and
expectations, because the square region is divided
into region I and II, based on the concept of
expectation value in probability, expectation value of
the coverage of network nodes can be obtained:

E(C)=PQ)EC, )+ PQ DEC, )  (3)

Among them, P(Q ) and P(Q ), respectively

represents the probability values of the randomly
deployed nodes in region I and II. E(C,) and

E(C, ) denotes the corresponding expectations of

coverage. From the even distribution functions of the
random deployment of sensor nodes, then get:

PQ)=(-r) /I

4
PQ ) =2r(-r)/l @
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Assume that node p is in the region I, its coverage
being completely contained, so the coverage
expectation is:

E(C, /) = m;z %)

When a node p is in region II, the region should
equal to its sensing region of the circumference
subtracting bow region Syczp. A and B is the
intersection of the sensing circle of node p and
network boundaries, whose angle 6 is the central
angle formed by the node p and A, B, ZApB=6,
0 =2arccos y/r, so:

ECy =2 "t @r-0+sno)i| — L —a
(€)= IO 5’1( 7T —0+sin )XIOW Ly
) ©)

— s

2(i-1)

J.(jfr\ (27 -0 +sin H)dxj.(: dy

Theorem 1: Suppose that the n sensor nodes
randomly deployed in the network region with an
area of Q, the node perception radius 7y, in an area of

xr’ region, probability of K  nodes

Nm;z
is: (N;rrf)k e © /QkK!
Proof: By Poisson's theorem, when the number of

sensor nodes N tends to positive infinity, the
probability P tends to infinitesimal, and its quadratic

distribution item B(n,p) can be approximated as
Poisson distribution p(n,A4), A=np , within the
coverage region the sensor nodes are randomly
deployed, so the number of nodes in the network area

of #r7 can be seen to obey the quadratic

r’
s | . Because sensors are

distribution B En,

deployed in high density in coverage region and the
perception radius of each sensor node is much
smaller than network area Q, when the number of
sensor nodes n in the coverage region

nxr’ / Q gradually approaches
infinitesimal, and then the quadratic distribution can
be approximated as the Poisson distribution
p(n,nzr’ /Q) , that is the probability of network

coverage rate at K at any point of the region is
k

p-L
k

increases,

e?,KeN.

Theorem 2: Suppose the given sensing radius of 7
nodes are evenly distributed in the square of side
length /, considering the boundary factors, the node
coverage expectations will be:

E(C):EVT‘) [z(1-2r) +2(l—l;)(27zrs +§+igj] (7

Proof: because the sensor nodes obey even
distribution function, the coverage expectations can
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be obtained by the formula (2):
E(C)=P(Q)E(C, )+ P(Q )E(C, ) , substitute

formulas (3), (4), (5) into formula (2):
E(0)=P@Q I)E(

)+P(Q,,)( )

F[m (1-2r) 2r2j1 "(27-0+sin6)dx[ dy]

s Jo
, 2
:[7‘} [7z(1—2r +2l 7 (27[1’4— +rj

Definition 6: If the mobile node locates in x, , the

(®)

repulsive force of any other node j located in x; is
defined as:

1 1 X —X,
F, = k(m d(u)J{d(z,/‘)z] )= ©)

0 d(i,j)>r.

Similarly: the attractiveness of the node j on i is

defined as
L |27 (i) > 2
F, =1 d(i,j) \d(i)) R 10)

where k& proportionality constant coefficients, the
repulsive and attractive is respectively:

F, =Y F.(i))

JjeQ

Fatt ZZE(Z’])

jeQ

an

4. Performance Assessment

To further verify the effectiveness of the
algorithm, the curves between coverage rate and
node, as well as curves between connectivity rate and
nodes under different network size are selected, as
shown in Fig. 3.

Fig. 3 shows the number chart of sensor nodes
needed to deploy to realize different network
connectivity under different network size. With the
expansion of the network size, to realize certain
network connectivity rate, the number of nodes
needed to be deployed will also increase. When
connectivity rate is high, the number of nodes needed
to deploy increases faster.

Consider coverage and connectivity rate
influenced by the boundaries. Fig. 3 shows the
number of sensor nodes required to be deployed



Sensors & Transducers, Vol. 158, Issue 11, November 2013, pp. 177-182

under the conditions without boundary effects with
the same network size /=300 m coverage and
connectivity rate. With the increase of network
coverage and connectivity, the number of nodes
required increases substantially; and the influences
gradually become smaller and in equilibrium at last
when the network coverage and connectivity
rate increases.

350

—e— 100100
0 200200
3001 —y— 300*300

250

2004

150+

The number of network nodes

o

0

° o
0 9 CT) T T T T T T T T
10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

The rate of network connectivity

Fig. 3. Connectivity curves in different network size.

Fig. 4 reflects the number of nodes required to be
deployed to achieve different coverage and
connectivity rates without the boundary influence.
Compared with the boundary influence, the number
of nodes deployed increases slightly, and with the
increase of nodes, node density will become larger,
so the boundary influence becomes lower.

400
—&—  Affect coverage with boundary
—O—  Affect coverage without boundary
—¥— Affect connection with boundary
—A—  Affect connection without boundary

350

(23
[=3
S

N

33

o
1

[N

(=1

S
1

I
[=]
1

The number of network nodes

I=3
S

[34]
t=]

0+ T T T T T T T T T

10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

The rate of network coverage or connection rate

Fig. 4. Curves of network coverage rate/ connectivity rate
with/without boundary influence.

5. Conclusion

In view of the network coverage and connectivity
of the random deployment of nodes for wireless
sensor network, the relation model of the sensor node
and the target node were provided. Considering the
boundary influence, coverage and connectivity
probability model was also provided. It can simplify
the computational complexity of network coverage
and connectivity to improve the efficiency of the
algorithm execution, and thus solve the number of
nodes required to deploy more accurately meeting
certain network coverage and connectivity rate
requirements. Finally, the correctness of the
theoretical solution and validity of the algorithm are
verified by the simulation results. The main work
thereafter was the study of the effective coverage of
the irregular region and the entire network energy
savings based on sensor network.
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