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ABSTRACT

Life time of Wireless Sensor Networks (WSNs) hasagis been a critical issue and has received inedeas
attention in the recent years. Generally wirelesser nodes are equipped with low power batterlégshware infeasible to
recharge. Wireless sensor networks should havegénenergy to fulfill the desired requirements oplagations. In this
paper, we propose Energy Efficient Routing and tHaodle Replacement (EERFNR) Algorithm to incredwelifetime of
wireless sensor network, reduce data loss andretbae sensor node replacement cost. Transmisgdem and sensor
node loading problem is solved by adding severayr@odes and arranging sensor node’s routing ulsliegarchical
Gradient Diffusion. The Sensor node can save scaukup nodes to reduce the energy for re-lookingdlée when the
sensor node routing is broken. Genetic algorithrh @élculate the sensor nodes to replace, reusamihgt available

routing paths to replace the fewest sensor nodes.
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INTRODUCTION

Wireless Sensor Network (WSN) is a group of wirelsgnsor nodes that have small capacities of ggnsin
processing which are deployed over a geographiea for sensing physical phenomenon. Usually, tlsessor nodes
send their sensed data to a base station for fuptteeessing. They are prepared with low cost skeacity batteries
which are, non-rechargeable and irreplaceable. &lenetwork lifetime is considered as an importasué for many
applications. Several routing algorithms for theeldss sensor network have been sequentially pedpiosrecent years.
C. Intanagonwiwat et al. presented the DirecteduBibn (DD) algorithm [2] in 2003. The DD algorithaims to reduce
transmission counts of data relay and energy copgam Basically, the DD algorithm is a query drivekansmission
protocol in which the collected data is transmittedsink node only if the collected data is matckéth the query from
the destination node, hence the power consumpfitimedransmission is reduced. In 2011, H. C. $hial. [10] proposed
a ladder diffusion algorithm using ant colony opgation for wireless sensor networks (LD-ACO) tdveathe routing and

energy consumption problem.

Moreover, the LD-ACO algorithm can improve the smnsode’s lifetime .The LD algorithm creates thddar
table in each sensor node based on the entireesfralensor network by issuing the ladder in crgat&et that is created
from the sink node. After the ladder diffusion pess, they proposed an improved ant colony optimoizadlgorithm to
balancing the data transmission load, increasieglifatime of sensor nodes. Shengxiang Yang epraiposed Genetic
algorithm with immigrants and memory scheme to sobtlynamic routing problem for mobile ad hoc netvgork
This immigrants and memory-based GAs can quickbpadlb environmental changes (i.e., the networbltzgy changes)
and produce high-quality solutions after each ckfslg After the random deployment of sensors in tdrget area, the

problem of finding the largest number of disjointssef sensors, with every set being able to corapylatover the target
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area, is nondeterministic polynomial-complete. XMm Hu et al. proposed a hybrid approach of conmgra genetic
algorithm with schedule transition operations (ST&JGo solve this problem and construct energy &ffit wireless
sensor networks[4]. Hong-Chi Shih et al. proposddudt node recovery algorithm to enhance theififetof a wireless
sensor network when some of the sensor nodes shwt.dThe algorithm is based on the grade diffusidgorithm
combined with the genetic algorithm[2]. In the Mé&®s sensor network (WSN), reduction of energy eonion is very
important for each sensor node because it can @8N lifetime. If some sensor nodes can’'t workhie WSN, the
routing path will break and the detected area malNe leaks. Moreover, other sensor nodes can'sfeaevent data to the
sink node, or they need more sensor nodes to e tassistance. Sensor nodes near the sink nodmlbé “inside
node” and others are called “outside node”. We faaoh that the outside nodes of WSN need inside saddegive them
assistance when outside nodes transfer data tsinhenode. Hence, the inside nodes have huge lgadird their energy
will be consumed quickly. After the inside nodes aut of energy, there is no sensor node thatreasfer data to the sink
node, and the WSN will be out of function. In thiaper, we proposed a hierarchical gradient diffugltdGD) algorithm
with genetic algorithm (GA) to improve the entireSW lifetime.

ENERGY EFFICIENT ROUTING AND FAULT NODE REPLACEMENT ALGORITHM

This paper proposes Energy Efficient Routing andltFdode Replacement Algorithm (EERFNR) algorithom f
WSNs based on the Hierarchal gradient diffusiomi@tlgm combined with the genetic algorithm. The flolart is shown
in Figure 1. The EERFNR algorithm creates the gnaalae, routing table, neighbor nodes, and payhlde for each
sensor node using the Hierarchal gradient diffusitlgorithm. Figure 1, the EERFNR algorithm creates grade value,
routing table, a set of neighbor nodes, and payl@dde for each sensor node, using the Hierarclgdient diffusion
algorithm. The sensor nodes transfer the eventtdatiae sink node according to the GD algorithm mkeents appear.
If the number of non functioning nodes exceedsttiteshold value then genetic algorithm is invokedréplace the

nonfunctional nodes by functional nodes and relisertost available path.
HIERARCHICAL GRADIENT DIFFUSION ALGORITHM

The HGD algorithm adds some RS nodes which arg reddes of the sink node and they can broadcasgjraue
creating package as the sink node. Sensor nodesataier data to RS nodes or the sink node tonbalaensor node
loading, reducing the energy consumption and erihgn@/SN lifetime according to the HGD algorithm. Mover,
sensor nodes can save some backup nodes in iiagdable to reduce the energy for the re-lookingting by our
proposed algorithm in case the sensor node’s mpugilbroken. The RS node is similar to the sinkenbdcause it doesn’t

have any detection ability; they can just be a datkection center for sensor nodes as well asitienode.

Moreover, the RS nodes have large transmissiomr soathpared with sensor nodes, and they have erenagiy
to transfer data to real data collection centen$iode). Hence, events can be detected and treedfi® RS nodes or the
sink node by sensor node. If an RS node receivevamt data, the event data will be transferretti¢osink node from RS
node. Hence, sensor node, RS node, and sink nattemeea hierarchical structure in the HGD algoritHm.HGD
algorithm, the grade creating package will be becaated from the sink node and RS nodes. Firstly,sink node
broadcasts grade-creating packages to create a mailing table for sensor nodes. Then, RS node doamis
grade-creating packages again to create a backitipgdable. Moreover, sensor nodes can changertiah routing table
and backup routing table according to the gradermétion received from grade-creating packagess,Ttie routing path
can be cut down and the transmission loading caedigced when the routing path from sensor nodSmode is shorter

than to sink node. Firstly, the sink node broadcabe grade-creating package and the package formathe
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grade-creating package format, as shown in figuthe€ SRS mean sink node holds the value is Oywibe it's a grade
value of RS node. The HCP means how many hop ca@ueensor can transfer event data to the sink nodRS node.
The DN means the destination node, and the destiniatthe sink node or RS node.
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Figure 1: Steps in EERFNR Algorithm
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Figure 2: Grade Creating Package
GENETIC ALGORITHM

The parameters are encoded in binary string anc s&s the chromosomes for the GA. The elementsi{sy,
i.e., the genes, in the binary strings are adjusiedinimize or maximize the fitness value. Thadis function generates
its fitness value, which is composed of multiplgiables to be optimized by the GA. At each itenatiof the GA,
a predetermined number of individuals will prodditeess values associated with the chromosomeseTdre 5 steps in

the genetic algorithm as described below.
Initialization

In the initialization step, the genetic algorithrangrates chromosomes, and each chromosome is antexp
solution. The number of chromosomes is determinsgbraling to the population size, which is definedthe user.
Each chromosome is a combination solution, anattinemosome length is the number of sensor nodésitbalepleted or
nonfunctioning. The elements in the genes are ellhar 1. A 1 means the node should be replacadl neans that the

node will not be replaced.
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Evaluation

In general, the fitness value is calculated acogrdlh a fitness function, and the parameters ofithess function
are the chromosome’s genes. However, we cannagjgnés directly into the fitness function in the EFRRR algorithm,

because the genes of the chromosome are simplherhiéie node should be replaced or not.

In the EERFNR algorithm, the goal is also to retlemost routing paths and to replace the fewestgenodes.
Hence, the number of routing paths available if samnfunctioning sensor nodes are replaced is letdel) and the

fitness function is shown as below.
max(Grade)
fn =)' RPi x TSN
i=1 SNi x TRP *1
where
SNi = the number of replaced sensor nodes anddhade value at i .
RPi = the number of re-usable routing paths fronseenodes with their grade value at i .
TSN = total number of sensor nodes in the origitd&N.
TRP = total number of routing paths in the origid&BN.

A high fitness value is sought because the WSNakihg for the most available routing paths and lteest

number of replaced sensor nodes.
Selection

The selection step will eliminate the chromosoméh the lowest fithess values and retain the na&t. use the
elitism strategy and keep the half of the chromes®mwith better fithess values and put them in thaing pool.

The worse chromosomes will be deleted, and newnehsomes will be made to replace them after thesores step.

Crossover

The crossover step is used in the genetic algoriiimhange the individual chromosome. In this atgar,
we use the one-point crossover strategy to createainromosomes. Two individual chromosomes areathé®m the
mating pool to produce two new offspring. A crossiopoint is selected between the first and lasegesf the parent
individuals. Then, the fraction of each individual either side of the crossover point is excharged concatenated.

The rate of choice is made according to rouletteetkelection and the fithess values.
Mutation

The mutation step can introduce traits not founth@original individuals and prevents the GA froonverging
too fast. In this algorithm, we simply flip a gerendomly in the Chromosome. The chromosome withbiagt fitness
value is the solution after the iteration. The EBRFalgorithm will replace the sensor nodes in theomosome with

genes of 1 to extend the WSN lifetime.
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CONCLUSIONS

In this paper, Energy Efficient Routing and Faulbde Replacement (EERFNR) algorithm is proposed for

wireless sensor network to increase the life timduce data loss and node replacement cost. Gedde, youting table,

neighbor nodes, payload value for each node iganlday hierarchical gradient diffusion and it atstd some relay nodes

to reduce the load of internal nodes and reduca ldas due to huge load of internal nodes. Thenfaoctioning sensor

nodes are replaced by functioning sensor nodesnmstl available routing paths are utilized by genelijorithm to reduce

the node replacement cost and data loss.
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