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Abstract: In a wireless sensor network, flooding is required for the dissemination of queries or event announcements. The original
flooding causes the overlap problems. In the original flooding, generally, all sensor nodes receiving a broadcast message forward it

to its neighbors by full forwarding power, resulting in a lot of collisions and duplicate messages. For a dense wireless sensor net-

work, the impact caused by the original flooding may be overwhelming. The original flooding may result in the reduced network

lifetime. Therefore, an efficient query dissemination method is needed to prolong the lifetime of a wireless sensor network. This

paper proposes a new query dissemination method based on the particle swarm optimization method for the long-term ope-

ration of a wireless sensor network. We evaluate the proposed method using computer simulations. In simulation experiments, the

performance of the proposed method is compared with those of the existing ones to verify its effectiveness.
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I. INTRODUCTION

A wireless sensor network, which is a key network
to realize ubiquitous information environments, has attr-
acted a significant amount of interest from many resear-
chers. In a wireless sensor network, hundreds or thousa-
nds of micro sensor nodes, which are compact and inex-
pensive, are placed in a large scale observation area and
sensing data of each node is gathered to a sink node by
inter-node wireless multi-hop communication. Each se-
nsor node consists of a sensing function to measure the
status (temperature, humidity, motion, etc.) of an obser-
vation point or object, a limited function on information
processing, and a simplified wireless communication fu-
nction, and generally operates on a resource of a limited
power-supply capacity such as a battery. Therefore, the
suppression of communication load is generally requir-
ed for the long-term operation of a wireless sensor net-
work.

In a wireless sensor network, flooding is required for
the dissemination of queries or event announcements. T-
he original flooding causes the overlap problems. In the
original flooding, generally, all sensor nodes receiving a
broadcast message forward it to its neighbors by full fo-
rwarding power, resulting in a lot of collisions and dupl-
icate messages. For a dense wireless sensor network, the
impact caused by the original flooding may be overwhe-
Iming. The original flooding may result in the reduced
network lifetime. Therefore, the selecting method of for-
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warding nodes for the dissemination of queries or event
announcements has been studied to prolong the lifetime
of a wireless sensor network. The existing methods of
[1-4] have been proposed to resolve or improve the ov-
erlap problems of the original flooding in disseminating
queries or event announcements in a wireless sensor ne-
twork. However, the gossiping of [1] may result in so-
me nodes not receiving queries. The existing methods of
[2,3] can disseminate queries to the whole nodes const-
ruct a wireless sensor network, but can not select a most
efficient and optimum forwarding nodes set. The meth-
od of [4] can compute an optimum forwarding nodes s-
et, but a more efficient query dissemination method is n-
eeded to prolong the network lifetime.

This paper proposes a new query dissemination met-
hod based on the particle swarm optimization method f-
or the long-term operation of a wireless sensor network.
The rest of this paper is organized as follows. In Section
II, the proposed method is described. In Section III, ex-
perimental results are reported, and the effectiveness of
the proposed method is demonstrated by comparing the
performance of it with those of the existing ones. Fina-
lly, the paper closes with conclusions and ideas for fur-
ther study in Section IV.

Il. PROPOSED METHOD

In this paper, an efficient query dissemination meth-
od based on the Particle Swarm Optimization (PSO) m-
ethod, which adjusts the forwarding power of each node



that constructs a wireless sensor network, is proposed.
In this section, the PSO method is first outlined. Then,
the proposed method based on the PSO method is descr-
ibed.

1. Particle Swarm Optimization

The PSO method belongs to the category of swarm
intelligence methods. It was developed and first introdu-
ced as a stochastic optimization algorithm [5]. Current-
ly, the PSO method is intensively researched because it
is superior to the other algorithms on many difficult opt-
imization problems. The ideas that underlie the PSO m-
ethod are inspired not by the evolutionary mechanisms
encountered in natural selection, but rather by the social
behavior of flocking organisms, such as swarms of birds
and fish schools. The PSO method is a population-based
algorithm that exploits a population of individuals to pr-
obe promising regions of the search space. In this conte-
xt, the population is called a swarm and the individuals
are called particles. In the PSO method, a multidimensi-
onal solution space by sharing information between a s-
warm of particles is efficiently searched. The algorithm
is simple and allows unconditional application to vario-
us optimization problems.

Assume an n-dimensional search space S, and a swa-
rm consisting of N particles. Each particle (The i th par-
ticle) has a position vector

Xi = (i, Xizs oo, X)T S,
and the velocity vector

Vi= it Vizs oo Vi) TS,
where the subscript i (i =1, ... , N) represents the parti-
cle’s index. In addition, each particle retains the position
vector pbest; of the best evaluation value found by the
particle in the search process and the position vector gb-
est of the best evaluation value among all particles as i-
nformation shared in the swarm in the search process.

In the PSO method, each particle produces a new v-
elocity vector v/**/ by linearly coupling the best solution
[pbest/] found by the particle in the past, the best solut-
ion [gbest'] shared in the swarm, and the previous velo-
city vector vl»k and moves to the next position X,-k” , whe-
re the superscript & indicates the number of search itera-
tions. At the k+1 search, the velocity vector v/ and the
position vector X"/ of the i th particle is updated as fol-
lows (Fig.1):

V"' =w-v'+c -r-(pbest’ —x")
+c¢,-r,-(gbest’ —x")

Xk+| _ X_k +Vk+|
S EX ©
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Fig.1. The movement of particles

where | and r, are random numbers, uniformly distrib-
uted within the interval [0,1]. @ is a parameter called t-
he inertia weight, and cy, ¢, are positive constants, refer-
red to as cognitive and social parameters, respectively.

2. Proposed Method

In this study, a general wireless sensor network con-
sisting of static sensor nodes with Global Positioning S-
ystem (GPS) placed in an observation area is assumed.
At the initial stage of the network, the sink node set req-
uests the location information from every sensor node
by broadcasting a Location Discovery Message. Each s-
ensor node receiving this Location Discovery Message
sends a Location Response Message to the sink node. T-
he sink node can grasp the location information of each
sensor node from the gathered Location Response Mes-
sages.

By applying the PSO method, this study detects an
adjustment solution on the forwarding power of each se-
nsor node that constructs a wireless sensor network bas-
ed on the location information gathered by the sink node.
In this study, variables are the forwarding power of each
sensor node as follows:

x=(Er(1), Ex(2), -, Er(nioa) )T @)
where E7(7) is the forwarding power of sensor node (),
and n,,,, represents the number of all sensor nodes that
constructs a wireless sensor network.

To compute an adjustment solution on the forwardi-
ng power of each sensor node for disseminating queries
or event announcements to all sensor nodes in a wireless
sensor network and minimizing total energy consumpti-
on on forwarding of queries or event announcements, t-
he objective function is set as follows:



o Mreceive)

f(x)="—
> E )
©)

where 72,.c.ive TEpresents the number of sensor nodes that
received queries or event announcements.

I11. EXPERIMENTAL RESULTS

Through simulation experiments, the performance of
the proposed method is investigated to verify its effecti-
veness. The conditions of simulation and the values on
PSO parameters, which were used in the experiments p-
erformed, are shown in Table 1, where the selected valu-
es on PSO parameters are considered proper default val-
ues and they are used in the relevant literature on the P-
SO method. In Fig.2, an optimum forwarding nodes set
is shown when range of radio wave of each sensor node
is set to 25m, where static sensor nodes are randomly a-
rranged in the set experimental area.

Tablel. Condition of simulations and settings on PSO p-

arameters
Simulation size 100(¢m) ><100(m)
The number of sensor nodes | 73
Range of radio wave 0 25m)
The number of particle 30
Cognitive parameter ¢, 2.1
Social parameter c, 0.8
Inertia weight @ 1.0
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e

Fig.2. Simulation model

In experimental results reported, the proposed meth-
od is evaluated through the comparison with the existi-
ng ones of [2-4]. On the existing methods, range of ra-
dio wave of each sensor node was set to 25m, and the p-
arameter settings that were used in [4] and produced g-
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ood results in a preliminary investigation were adopted
for the comparison with the proposed method. In Fig.3,
a forwarding nodes set and the number of forwarding n-
odes selected by using the existing methods of [2-4] are
shown. From the results of Fig.3, it is confirmed that the
existing methods of [2,3] can not detect an optimum f-
orwarding nodes set. The method of [4] computes an o-
ptimum forwarding nodes set, but a more efficient query
dissemination method is required to prolong the lifetime
of a wireless sensor network.
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(a) Results by the method of [2]
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Fig.3. Forwarding nodes set computed by using the exi-
sting methods of [2-4]
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Fig.4. Results obtained by using the proposed method
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Table2. Total energy consumption

Total energy consumption
The method of [2] 100.6j4J
The method of [3] 78.114]
The method of [4] 73.614]
Proposal _Best value 71714
(4searches) Mean value 72.21]

Ranges of radio waves of all sensor nodes computed
by using the proposed method are illustrated in Fig.4. In
Table 2, total energy consumption on query disseminati-
on of all sensor nodes that construct a network is shown.
From Fig.4 and Table 2, it can be confirmed that the pr-
oposed method is a promising query dissemination one
for the long-term operation of wireless sensor networks.

IV. CONCLUSIONS

In this paper, an efficient query dissemination meth-
od based on the PSO method for the long-term operati-
on of a wireless sensor network, which adjusts the forw-
arding power of each sensor node for disseminating qu-
eries or event announcements to the whole nodes in a
wireless sensor network, has been proposed. Experime-
ntal results indicate that the proposed method has the d-
evelopment potential as an efficient query dissemination
one. In an actual sensor node, however, detailed adjust-
ment of the forwarding power is difficult. In future stud-
ies, we want to improve the proposed method by consi-
dering actual sensor nodes.
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