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ABSTRACT

Recently, energy saving has become a hot issue in application of WSN. To solve this problem effectively, this paper
proposes an improved LEACH route protocol based on Symbolic Aggregate Approximation (SAX). We firstly improve
the selection method of cluster heads (CH) in LEACH so that the distribution of CH is more reasonable and the energy
consumption is more balanced. Then we compress the sent data by using SAX in the stage of transmitting data so that
the energy saving is reduced more. The simulation results show that, compared with other existing fusion
algorithm, the proposed scheme saves energy effectively while ensuring the accuracy of reconstruction.
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INTRODUCTION

Wireless Sensor Network (WSN) consists of a largelver of cheap, tiny, battery powered sensor nedepped with
limited on-board processing, storage and radio luipas. However, as the power of nodes is limigedl the major
power is used by wireless communication, savinggnieas become a hot issue in the WSN.

SAX has been used to prolong the lifetime of WShiuse the calculation of CS is simple and it cdnce the amount
of data effectively [1]. Howeuver, it is unpracti¢dhht almost of data fusion methods in WSN assinaiertodes directly
send compressed data to base station [2,3]. Astenggprotocol, LEACH which aims at balancing thetwork energy
has been widely adopted in WSN [4,5]. Therefore pn@pose an improved LEACH route treaty based oX A

better prolong the lifetime of WSN. The Final expent simulations show that our algorithm can sewergy

effectively while ensuring the precision of dataaestruction.

Our algorithm

To save energy effectively of WSN, we propose gorowed LEACH route treaty combined with SAX. Wesfiy use
an improved LEACH route to reasonably select thester-heads (CH) so that the energy consumptiorbeamore
balanced. Then all the compressed data is serdde &tation by CH after every node compressesvaddiaSAX
algorithm. Finally, the original data is reconstaetin the base station.

Suppose that the number of sensors in a WSNaRrd every sensor can communicate with its neiginlooles. In
addition, every sensor has a ROM to storage datewa use the sliding window to implement the updsitdata. Now,
we will introduce our algorithm in detail.

The stage of selecting CH. It is known that the randomly selection of CH isywanportant. The original solution of
selecting CH is that every node selects a randanbeubetween 0 and 1, and the random number isar@upvith the
threshold to determine whether the node will becteld as the cluster head. The threshold is defised
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WhereP is the desired percentage of cluster heads (8.95%or is the current round, ar@ is the set of nodes that
have not been selected as the cluster heads liastti#P rounds. After finishing the selection of CH, evende which
is not selected as the cluster head should joirtltister where the distance between this nodetandluster head is
minimal.

Related experiments have shown the original LEA@btqrol can save the energy effectively, but treeestill some
problems. To better prolong the lifetime of netwonke propose an improved selection algorithm of The improved
threshold is defined as:

P

- el jhoc
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0 otherwise

WhereE,. is the node residual energgy, is the node initial energf2 is the density of the current node, and the dgnsit
is defined as the number of nodes located in tiadsird communication radiBsof current nodeD is the max node
density in the entire network. As shown in the falan2, the greater possibility of being selectead akuster head the
current node has, the bigger the density is. litiaig the more rest energy the node has, the greatsibility of being
selected as the cluster head the node has. Therefor algorithm can better balance the networkggnthan the
original LEACH.R can be calculated by:

_ S
TN [P 3)

WhereSis the area of this region where the current risdecatedN is the number of nodes in this region.

After finishing the selection of CH with our algtmn, every node will be assigned to different dustwith the same
way in original LEACH.

The stage of data transmission in improved LEACH protocol. Most of the existing algorithms about LEACH only
consider prolonging the lifetime of network by iroping the LEACH protocol itself. To better save #ergy, we
consider using data fusion algorithm to reducestired data in the second stage of LEACH.

SAX which realizes the compression of data by usireymbol to approximatively replace a data seceidias been
used in WSN, because it is a relatively computatigriightweight approach and has desirable progersuch as
dimensionality and tuberosity reduction. Therefave,also propose SAX to compress the original dathis paper.
Need to be paid attention, the data in currenirglidiindow of every node will be compressed by SAXd the detailed
calculation process of SAX can be found in thisgydp]. The detailed steps of compressing datalaoen below:;

1. After clustering all nodes in last step, we wike SAX to compress data in every nodeepresents the original
data in the current sliding windows of t#f8 node, the compressed dataan be described as:

Y, = SAX(X;) 4)

2. The base station adopts the mechanism in otiglb&CH to collect compressed data.

Thephase of reconstructing original data. Once the base station accepts the data from oselthe original data of
nodes in this cluster will be reconstructed. Theaiiprocess of reconstruction in our paper issdume with the process
in the paper [1]. Therefore, we will not introdubés process in detail.

EXPERIMENTAL SECTION
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Our simulation is conducted in OMNeT++4.1. We asstinat one hundred sensor nodes with initial energysJ are
arranged randomly in the field of 200mx100m squaeters, and the base station is located at thelzaes (0,0). All
nodes are no longer mobile as long as they aregldon addition, the length of sliding window iffided as 20.

In order to analysis the effectiveness of our atgor, we use the energy consumption model propwspdpers [4,
5]. In addition, we use the classical sensor datheotemperature diffusion from fire sources im experiment [7].
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Fig.1 Thedistribution of CH

The distribution of CH in one round with our alghm is shown in Fig.1 where all cluster heads Haen marked by
ellipses. As shown in Fig.1, the more the numbenarfes in a region is, the more the number of efuséads is.
Therefore, the distribution of CH is more reasoaaibl our algorithm, because we consider the infleeof node
density on selection of CH.
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Fig.2 The change of dead nodes

To verify the improved algorithm we proposed, w# eompare the results with LEACH's. Fig.2 shows tthange of
the number of dead nodes, and EA-LEACH is the aliitien of our algorithm. It can be seen from thygife that the
first dead node in original LEACH appears at atibat1029' round, while the first dead node in our algoritappears
at the 1678 round. The appearance time of first dead nodeyséla 63%. In addition, the time of nodes deathdse
concentrated after the 24D@ound, because the energy consumption in our ihgoiis more balanced. Though the
time of nodes death in LEACH is decentralized,fthrection of remaining nodes is limited becausedbath of some
key nodes will affect the work of entire network.

It is important to ensure the precision of recarmgtrd data, because there may be subsequent procete
reconstructed data. The mean construction precidioar algorithm is 82.4% when the length of siglivindow is 20,
and the precision will reduce when the length iggbi. Therefore, our algorithm can ensure a higluracy of
reconstruction.
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Conclusion

In this paper, in order to save energy in WSN astas possible, we propose an improved LEACH podtoased on
SAX. The experiment result shows that our methdetéfely prolong the lifetime of network and batarthe energy
consumption while having a relatively high accuraéyreconstruction. However, how to improve the stauction
precision is our future work.
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