COMPUTER MODELLING & NEW TECHNOLOGIES 2014 18(12A) 161-166

Jiang Fei

Application of hybrid ant colony algorithm in wireless sensor
network coverage

Fei Jiang' %"

Laboratory of Intelligent Information Processing, Suzhou University, Suzhou 234000, China

2 School of Information Engineering, Suzhou University, Suzhou 234000, China

Received 1 June 2014, www.cmnt.lv

Abstract

The coverage control is a fundamental problem in the study of wireless sensor network. The network is required to have a certain
quality of service and optimized through some technologies or protocols so as to achieve the maximization of the coverage and
provide reliable monitoring data and target tracking service. Based on detailed analysis of advantages and disadvantages of ant
colony algorithm and genetic algorithm, this article makes some improvement and proposes a hybrid ant colony algorithm, and such
new algorithm combines the strong adaptivity of the ant colony algorithm and the high convergence of the genetic algorithm etc. The
experimental results show that the presented algorithm in this article can effectively improve the use efficiency of network nodes and
prolong the network lifetime to realize the optimization goal of a network coverage control with highly effective energy.

Keywords: Hybrid Ant Colony-Genetic Algorithm, Wireless Sensor Network, Coverage

1 Introduction

As one of basic problems in wireless sensor network
research, with the aid of sensor's sensory ability, the
coverage control technology uses the node perception to
configure the node and monitor targets, thus achieving
the goal of obtaining the required information completely
and effectively. It fundamentally reflects the sensor
network’s sensory ability to the physical world [1].
Different from the current Mobile Ad-hoc Networks and
wireless  networks, the wireless sensor network
(hereinafter shorten as WSN) will face constraints from
the node energy supply, communication capacity and
computing capacity when the network coverage
agreement is designed, and the sensor node deployment is
large in number, wide in distribution and strong in
network dynamic etc [2]. One important goal of network
coverage protocol is to prolong the network lifetime, and
prolonging the network lifetime can effectively save the
cost in redeploying sensor nodes [3]. To sum up,
coverage control technology is the precondition for nodes
to obtain the physical world information, and also the
most basic research issue in studying quality of
service(QoS) of wireless sensor network [4].

As excellent artificial intelligence algorithms, ant
colony algorithm and genetic algorithm have good global
search capability, but these two algorithms also have their
own defects. Because the multiple individual motion of
ant colony is random, it costs a long search time to find
out a better path in the early stage when the group scale is
larger [5]. In optimization process, with the implicit
parallel search feature, the genetic algorithm faces no
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constraint from the objective function and continuous
differentiability of constraint conditions, but it is very
sensitive to initial population, and the selection of the
initial population often directly affects the quality of the
solution and the algorithm efficiency. Thus the genetic
algorithm and ant colony algorithm are complementary,
and can overcome their own shortcomings and display
their respective advantages when they two are organically
combined together [6]. Based on the research on the basic
ant colony algorithm and genetic algorithm and by
adopting the strong ant colony algorithm adaptability and
high genetic algorithm convergence, this paper proposes
and applies a new hybrid ant colony-genetic algorithm to
the wireless sensor network coverage. Simulation results
show that this coverage control strategy can achieve
higher coverage rate, maintain the stable network
operation and prolong the network lifetime, thus
obtaining the ideal optimization result.

2 Overview of wireless sensor network coverage

Wireless sensor network is composed of a large number
of randomly distributed integrated small nodes of sensors,
data processing units and communication modules. By
means of self-organization, nodes compose the network
which is a large-scale, unattended distribution system
with strictly limited resources [7]. Various sensors
embedded in the node measure surrounding environment
parameters, collect data through the network and transmit
in the network or through the upper network.
Components of wireless sensor network node is shown
in Figure 1.
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FIGURE 1 Components of wireless sensor network node

In traditional wireless sensor networks, nodes scatter
randomly in the monitored area. Nodes form the network
in the form of the self-organization, send the monitor data
to sink node through the multiple hops relaying mode and
finally transmit the data in entire area to the remote center
for the centralized processing by means of long-distance
or temporarily built slot link. In the new wireless sensor
network applications, acting as the communication link
between sink nodes, nodes not only collect the data but
also work together, and therefore, there also exists data
communication among nodes [7]. Fig. 2 describes the
general form of the sensor network architecture [8, 9].
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FIGURE 2 Architecture of wireless sensor network

In the large-scale deployed sensor network area coverage,
by using high density and high redundancy of sensor
nodes, the network lifetime can also be prolonged when
the coverage quality is ensured. Divide all sensor nodes
in the network into several mutually disjoint sets of
sensor nodes with each set completely covering the target
area[10]. At any time, there is only one set in working
status, and others in the dormant state with low power
consumption. The alternative work among different
nodes can effectively prolong network lifetime.
Obviously, in terms of the sensor network using such way
of work, the more mutually disjoint collections are found,
the longer the network lifetime will be [11].

3 Design of Hybrid Ant Colony Algorithm

The current evolutionary algorithm solving multi-
objective optimization mainly considers how to deal with
the optimization among multiple conflicted targets, rarely
considering the solution of the constraint conditions [12].

3.1 NETWORK PARTITIONING

Partition the network Ry into sub-network Rwi with
roughly same scale according to specific constraint
conditions. When problems of demand solution are
different, the classified methods of network will also be
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changed. Such partitioning method not only meets the
actual need, but also ensures the suspension point will be
avoided when the global optimization is conducted in the
upper genetic algorithm. The method adopting sub-
network partitioning to deal with some constraints can
reduce the search node, thus greatly improving the
algorithm performance [13].

3.2 SOLVING STEPS OF HYBRID ANT COLONY
ALGORITHM

For multi-objective constraint optimization problems, this
article adopts the Pareto method based on the
minimization problem. According to the characteristics of
the path constraint problem, solving step of the algorithm
are as follows:

(1) Genetic encoding: adopt the natural encoding scheme.
Considering the presence of variable-length path, adopt
variable-length chromosomes in the natural coding
design.

(2) Initial population: based on optimization results of the
lower level algorithm in each sub-network, adopt the
optional path connection method to generate the initial
population.

In general, as the lower scale, the sub-network is
relatively small, so Max-Min ant colony algorithm is
adopted.

(a)Structure of path: under the condition of satisfying the
constraints, the ants choose the next code in equation (1)
probability.

[Tij o1 [’7ij (t)]ﬂ
> [mOrmor’

Scallowed,

0, Otherwise

In the above equation, allowedy represents the node that
ant k is allowed to select in the next step at the time t,
«a the heuristic factor for information, A heuristic factor

for expectation, and 7;; the heuristic function.

j € allowed,

pil; (t) = )

(b)Pheromone update: after one iteration is finished, all
ants built a path, and the information on the path may be
adjusted according to equation (2) rules.

7 < (- )z +Az'ilj’e‘°‘t (2
Herein Ariﬁ."*t :}I/_best , Lt is the length of optimized
path.

At the beginning of the algorithm, set the initial value
of pheromone at a measure value of the upper bounds of
the pheromone. When the system reaches the address
state, or when the better solution will not appear any
longer in a certain number of iterations, all pheromone
values solved will be initialized again. The pheromone
size of each path will be limited to the interval [zmin,Tmax],
pheromone will only be released on the path built so far
by the optimal ants when the optimal ants are iterated
[14].
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(3) Crossover operator: adopt the operating mode only
allowing only one-point cross in repeated node location.
Because each individual is a shortest path, so there's no
need to mutate but just to cross. As sub-networks have
same endpoints, SO there is no need to judge the
suspension point.

(4) Selection: in order to avoid offspring atavism, for
offspring individuals under crossover and mutation,
abandon if it has already existed in the parent. To ensure
fast convergence of the algorithm, (u+4) evolution
strategy is used to implement the elite maintenance, so as
to avoid the degradation of offspring. Combine parental
and offspring individuals and select individuals with
smaller Rank values to enter into the next generation
[15].

(5) Termination rule: if the algorithm reaches the
maximum evolution algebra Gmax Or there is no new
individual appearing in successive generations, terminate
it and solution set obtained serves as the optimal solution
set of path network.

3.3 REALIZATION OF HYBRID ANT COLONY
ALGORITHM

Hybrid algorithm designed in this article is as follows:
Step 0: First of all, process some constraints Combine
with specific constraints, use the node that is necessary to
pass to divide network Ry into sub-network Ryi with
roughly same scale. When problems of demand solution
are is not the same, the classified methods of network
also can be changed. Such partitioning method not only
meets the actual need, but also ensures the suspension
point will be avoided when the global optimization is
conducted in the upper genetic algorithm. The path
network laying strategy decompose the optimal path
problem in the original network into the searching issue
in each sub-network, and due to the size of each sub-
network is far less than the original network, thus
computing efficiency can be greatly improved.

Step 1: Initialize parameter to determine the encoding
scheme of the genetic algorithm. This article adopts the
natural encoding scheme. Considering the presence of
variable-length path, adopt variable-length chromosomes
in the natural coding design.

Step 2: Based on ant colony algorithm, conduct the sub-
network optimization to generate initial individual of the
upper genetic algorithm. Adopt the optional path
connection method to generate the initial population
based on the optimization result of each sub-network.
Sub-Step 2.1 Put m ants at the starting point of each sub-
network and initialize the pheromone matrix, and put the
initial position in the tabu table.

Sub-Step 2.2 Select the next node that each ant will
transfer according to the transfer probability of ant colony
algorithm until one path loop is searched and completed
by each ant.

Sub-Step 2.3 Record the current optimal solution of each
ant.
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Sub-Step 2.4 Update global pheromone matrix and empty
tabu table.

Sub-Step 2.5 Meet ending conditions and output optimal
solution.

Step 3: Calculate the objective function value and fitness
function value. Because the solution to be solved belongs
to the minimization problem, so the smaller the set fitness
is, the better the results will be. For multi-objective
constraint optimization, this article adopts the Pareto
method based on the minimization problem.

Step 4: Genetic operations

Sub-Step 4.1 Selection: To ensure fast convergence of the
algorithm, (u«+2) evolution strategy is used to implement
the elite maintenance, so as to avoid the degradation of
offspring. Combine parental and offspring individuals
and select individuals with smaller Rank values to enter
into the next generation.

Sub-Step 4.2 Crossover: crossover is the method to
exchange some genes of two pairs of chromosomes by
certain methods, thus two new individuals will be shaped,
and it is the main way to produce new good genes. Here,
according to the given crossover probability P¢, the
operating mode only allowing only one-point cross in
repeated node location is adopted.

Sub-Step 4.3 Mutation: as each individual is a shortest
path, so there's no need to mutate.

Step 5: Convergence test: if the algorithm reaches the
maximum evolution algebra Gmax or there is no new
individual appearing in successive generations, terminate
it and solution set obtained serves as the optimal solution
set of path network; otherwise, return to Step 3.

4 Efficient WSN coverage based on multi-objective
hybrid ant colony algorithm

The wireless sensor network usually scatters a large
number of sensor nodes in the monitoring target area
intensively, if these sensor nodes work simultaneously, it
will result in a collision conflict of the sensor nodes in the
network, meanwhile, the plenty redundancy of coverage,
data awareness and collection and data transmission will
also cause a waste of network energy. Considering this,
under the premise of ensuring the quality of network
service, it is the key research content of the wireless
sensor network by scheduling the activity of sensor
nodes, making part of the sensor nodes enter active state
and the redundant nodes enter the dormant state, so as to
save energy consumption and prolong the maximum
lifetime of network.

4.1 THE NODE SCHEDULING COVERAGE
CONTROL STRATEGY BASED ON MULTI-
OBJECTIVE HYBRID ANT COLONY
ALGORITHM

Assuming that deploy N sensor nodes in the target
monitoring area randomly with the responsibility of
collecting and processing the information of all the
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targets in the monitoring area. The perception radius and
the ability of calculating and processing information of
all the sensor nodes are the same. The perception model
in the sensor is a disk perception model, that is, when the
sensing radius of the sensor is R, it can cover all target
points within the circle which takes the sensor itself as
the center and R as the radius. This paper deploys a lot of
sensor nodes in the target area randomly through hybrid
ant colony, divides the sensor nodes into several covering
subsets, and each covering subset can completely cover
this target area, schedules these covering subsets
periodically, and prolongs the life cycle of the entire
network by maximizing the total working time of each
covering subset.

4.2 DESCRIPTION OF THE ANT COLONY

At the initial stage, divide the ant colony into k covering
subsets randomly (N,,N,,---,N, ), give a random number

(0~1) to each covering subset, when the random number
is larger than the dormancy rate, the ant colony set is set
1, and the corresponding ants will enter the working state;
otherwise, the ant colony set is set 0, and the
corresponding ants will enter the dormant state. Wherein,
the dormancy rate is calculated according to the formula
(3) as follows:

pro=a 1-Ea | pltt ,
Emi In

wherein, a and b are constants, and a+b=1. E is the
current residual energy of node i, Eni is the initial energy
of the node. I, the number of neighboring nodes of node i
within its perception range.

®)

4.3 COVERAGE TARGET

Deploy N sensors to cover the entire target area
randomly, wherein, N ={n,---,n,} . Assuming that
every sensor is equipped with the initial energy E, the
sensing radius is R, the corresponding energy
consumption is {e,---,e,} . Define subset N'eN to
enable:

Objective 1: the maximum of the coverage rate of the
network as a whole. Namely:

MAX.f,(X) = Ra,ea(N'):Aarea(N% 4

Constraint: Use standard deviation of the distance
between nodes to indicate the distribution condition of
the sensor nodes in the monitoring area, the smaller the
standard deviation, the better the coverage uniformity.
Namely:

st uz%iuiz\/klkz'(d(ni,nj)—n)z . )

i i=1
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wherein: U represents uniformity, ki represents the
number of neighbor nodes of node n;, d (n;, n;) represents
the Euclidean distance between n;and n;, Dj represents the
average of distance between it and all the nodes that
intersect its sensing radius.

Objective 2: Minimum of the Number of Sensors
MAX.fZ(X):1—|N’|/N . (6)
In the two-dimensional monitoring area A, it has become
an important issue of people’s concern on find the way to
solve the subset of N', N'EN in order to maximize the
life of the sensor network. The Objective function is to
minimize the number of network node |N'| while realizing
the maximum of the entire coverage rate Rarea (N").

5 Experimental simulation and analysis

5.1 PROBLEM DESCRIPTION OF COVERAGE
OPTIMIZATION

5.1.1 Network model

The wireless sensor network is constituted by sensor
nodes with perception capability and wireless
communication capability. The location optimization
strategy of nodes refers to allocate the location of node
efficiently, expand the effective coverage area of
network, and enhance network measurement and
communication capability. Assuming that randomly
deploy the nodes in the area to be monitored,
S, represents No.i node in the wireless sensor network,

the set of sensor nodes is S ={S,,S,,S,,---S,}, each node
has the same perception radius R, and communication
radius R,(R,=2R,) and can acquire the location

information of itself and other nodes, and it supports and
moves the node to complete the moving process of
location.

5.1.2 Node measurement model

Assume the two-dimensional coordinate of node S, is
(x,y,) , i is the sequence number of node, point
P(x,y)is an arbitrary point in the monitoring area, then
the detection probability of S, to point P is calculated as:

1, d(s,, p)<R,—R,

_ A
A% ) R R <d(S,p) <R +R 7
ay? + 4,

Co (S p) =y exp(

0,

The joint detection probability of all the nodes to point P
simultaneously is:

Cp(sa”’ p) :1_H(1_Cp(sil p)) .

R.(0<R, <R,) is the reliability parameter for the
measurement of sensor node, R is the sensing radius of

Otherwise

(8
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node, d(S,,p) is the Euclidean distance between the
target point P and the sensor node S

o, =R, —R +d(S;,p) a,=R,—R,—d(S;,p) and

A, Ay By, B, are measurement parameters related to the
nodes.

5.1.3 Network coverage model

Divide the area to be measured into m*n grids, then
simplify each grid into a single pixel, use the center point
of the grid to represent the grid, and then calculate the
detection probability of each pixel by using the formula
(8), make statistics of the number of detected pixels, and
finally calculate the ratio of number of detected pixels to
the total number of grid points, and this ratio is the
coverage rate of the wireless sensor network, it is shown
as follows:

iicp(sa” )]

C o= —— . (©)
mxn
5.2 EXPERIMENTAL ANALYSIS

Assuming that within the measurement range of the
square with the side length of 60m, it required to deploy
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probability model parameters are a=1, @=0, p1=1,
f2=15. The measurement reliability parameter
Re=0.5Rs=2.5.

To further illustrate the advantage of the new algorithm,
the standard ant colony algorithm and the genetic
algorithm are compared in this paper. The experimental
result is shown in Tablel. See from Tablel, compared
with other optimization algorithms, the algorithm adopted
in this paper can increase the network coverage of the
wireless sensor more effectively.

TABLE 1 Comparison of the coverage rate between the algorithm
adopted in this paper and other algorithms

Algorithm Standard ant Genetic Algorithm
colony algorithm algorithm in this paper
Coverage rate 80.2% 83.6% 88.7%

In order to make the comparison of the effect of the
algorithm on the coverage optimization more convenient,
this paper adopts the same simulation condition, makes
pictures of the signal of the location of the sensor nodes
after the algorithm optimization. Wherein the initial
distribution of the nodes location of the sensor is shown
in Figure 3a. Figure 3b shows the distribution of the
nodes after the optimization algorithm adopted in this
paper. Figure 3c shows the distribution of the nodes after
the optimization of standard ant colony algorithm. Figure
4d shows the distribution of the nodes after the

30 wireless sensor nodes, the sensing radius of the nodes optimization of  standard genetic algorithm.
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FIGURE 3 The distribution figure of the nodes after optimization of different algorithms
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From the Figure 3 it is clear to see that the distribution of
the nodes after the optimization of intelligent algorithm is
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