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Abstract— The wireless link can be unreliable inalkstic wireless sensor networks (WSNs). Energyicéént
and reliable data forwarding is important becausaah node has limited resources. Therefore, we must
suggest an optimal solution that considers usingetinformation of the node’s characteristic A wirede
sensor network is composed of a large number of-lovgt devices distributed over a geographic areensr
nodes have limited processing capabilities therefaimplified protocol architecture should be deseghso as
to make communications simple and efficient. Morewythe power supply unit is based on an energyHed
battery the networks should be aimed at minimizithgg energy consumption. A forwarding scheme for WSN
aimed at combining low computational complexity amigh performance in terms of energy efficiency and
reliability. The approach relies on a packet-spiitty algorithm based on the BURST algorithm. The
performance of burst is to be obtained by ShortBstth with Load Balancing (SP).The energy efficienty
low in this splitting process compare to those stest paths. To estimation of the mean energy redurct
factor achievable with the forwarding scheme should derived and the reassembling is done in dediora
side, the values to be coded in code block and &ed using MATLAB simulator. The proposed algorith
outperforms in terms of energy saving and increasgles network lifetime.
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I. INTRODUCTION
AWIRELESS SENSOR NETWORKS

A wireless sensor network is a collection of semsmies organized into a cooperative networks. Aaeis a
small device which observes the environment of laysparameters such as temperature, pressurgiveela
humidity, sound, vibration, motion or pollutantg, different locations. Wireless Sensor Networks (\[y$s
highly distributed networks of wireless sensor rpakeployed in large numbers to monitor the envirent or
system.

Sensor nodes have limited transmission ranges agahize themselves in an ad hoc manner, which means
that two wireless sensor nodes that cannot reatth ather directly transmit on other sensor nodeglmy data
between them .In general ,data packets from theceawde have to traverse multiple hops before thagh
the destination. Second, since sensors are ussraliyl and inexpensive, they are usually, batteygred and
are often deployed in a rough or hostile physicairenment.

The introduction of redundancy in data to incretigeprobability of data delivery. The redundance@dd
is in the form of multiple copies of the same padckat travel to the destination along multiplehsatHowever,
as multiple paths could remarkably consume moreggré&an the single shortest path because sevep#s of
the same packet have to be sensor the splittingedtoe as a method for reducing energy consump#ion.
attempt to guaranteed reliability, while minimizitige energy consumption at the same time, consigleai
packet-splitting procedure, use distinct pathsratere codes to provide reliability in the netwtwokincreases
the life time of the networks and cost effective.

© 2013, IJCSMC All Rights Reserved 73



S. Geetha Priyat al, International Journal of Computer Science and MoBibmputing Vol.2 Issue. 5, May- 2013, pg. 73-81

B.WIRELESS SENSOR NETWORKS APPLICATIONS

In recent years, the use of wireless sensor nesvorkindustrial applications has rapidly increadédwever,
throughput utilization, energy consumption stilm@&ns one of the main limitations of this technglogs
communication typically accounts for the major powensumption, the activity of the transceiver dddoe
minimized, in order to prolong the network lifetimEo end this problem, various protocols have lisigned
such as ASLEEP protocol, Fountain Reprogrammin¢pp.

In-network aggregation deals with this distributptbcessing of data within the network. In-network
aggregation is the global process of gatheringranting information through a multihop network, pessing
data at intermediate nodes with the objective ducéng resource consumption, thereby increasing/orét
lifetime. Wireless sensor network technologies énab wide variety of applications (e.g., environmaén
monitoring). The challenge to designing such inamek node reprogramming protocols lies in the ptédiy
large amount of energy required to successfullysimzt the entire program to every node in the ngtwdhe
wireless channels used by small sensor nodes aent@dly loss and highly variable. The use of wica
retransmissions to correct errors for each node bmmprohibitive in terms of traffic generation ahdnce
transmission cost.

Transmission techniques are known to result in baekl implosion in dense networks. Therefore, coding
solutions allowing different errors at various ned@ be corrected with single packet transmissiares
preferable. However, many such techniques, usingdia error correction codes (FEC) tend to be ioigffit
for wireless sensor networks.

II. METHODOLOGY
A. REDUCING ENERGY CONSUMPTION

The aim of reducing energy consumption while taking algorithmic complexity into account, proposed
novel approach that burst the original messagessaveral packets, such that each node in the netwid
forward only small sub packets. The bursting proceds achieved applying the BURST algorithm. Thnk s
node, once all sub packets (called Burst compohearts received correctly, will recombine them, thus
reconstructing the original message. The splitgiragedure is especially helpful for those forwagditodes that
are more solicited than others due to their pasitiside the network.

The proposed approach, almost all nodes operate as classical forwarding algorithm and, with the
exception of the sink, a few low-complex arithmatjgerations are needed. The sink node is compngiyo
and energetically more equipped than the otherosermdes, the overall complexity remains low anitable
for a WSN. Moreover, the proposed technique dodsremuire the use of disjoint paths. Some prelimina
results of this approach have been presented butvere empirical only and obtained through sinioket on a
sensor network where it is assumed that an ideahumication among neighbor sensors occurs, anthell
burst components can be received correctly betwaggir of nodes.

Through analytical model allows us to derive acturasults regarding energy consumption and coritplex
The effect of important parameters such as nodesityeand transmission range through both extensive
simulations and an analytical study of the traddmffween energy saving, complexity, and reliabitifythe
proposed technique. In WSN, data generated by maadé, are to travel from multiple sources to a detépient
or sink rather the communication between nodes.

B.PACKET FORWARDING

A sensor network where sensor nodes periodicallyd smessages to a sink node through a multihop
transmission. The basic idea is to burst the messagnt by the source nodes so that a reduced nwinbits
are transmitted by each forwarder node. In orddreiter understand the main idea, the examplegdaor€il.
Nodes A and B have to forward a packet to the Sidnd can do it through nodes X, Y, and Z, whiehakin
the coverage range of A and B. If a normal forwagdécheme is adopted, two cases, Case a) A ante& se
different next-hop nodes .This happens with prdiig®\3. Case b) A and B select the same nextmagbe.
This happens with probability 1\3.

If there ar. @ bits for each packet, the maximum numbers of tiéissmitted by a node belonging to the set

{X, Y,Z} is w bits in the case a) ancc bits in the case b). Let now assume that each mothe set {X, Y, Z}
knows that A and B have three possible next-hopistaat a different forwarding scheme is adoptedstasvn
in Figure 1. In particular, when X, Y, and Z reeei packet, they split it and send to the sink enpart. In this
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case, X, Y, and Z have to transmit at most bitshed@hile comparing the two forwarding methods, its
concluded that the last one reduces the maximurnbauwf bits transmitted by a node belonging togée{X,

Y, Z} .More precisely, the reduction factor is 132%1\3. When comparing the bursting procedure wlith t
procedure shown in case a), and (2-2\3).1\2 = A8nathe bursting procedure is compared to the proee
shown in case b). Summarizing, an average redufaior of 4/9 is obtained.

Accordingly, the lifetime of a sensor network ingses as the energy consumption is more distrikartezhg
the nodes. It is worth remarking that the burstprgcedure has to be performed in a simple manmeat, a
consequently with low energy consumption.
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Figure.l. Packet forwarding using different nexc-hops

The total amount of transmitted bits does not chafits are transmitted anyway, either with or with
splitting); by bursting of packets it is possibtereduce the maximum number of transmitted bitsnoele and
therefore the mean energy that each node consumggeftransmission..

Finally, it can be observed that if a perfect balag is possible, which occurs when the numbereodtinop
nodes is a factor of the number of transmitted agss (i.e., the number of messages is exactlyiblwiby the
number of next-hops), the energy consumed by natlebe the same either with or without burstingowever,
if this is not the case, using a bursting techniquakes the number of forwarded bits significangguced.
Moreover, the reduction increases if the ratio “sag length over number of components “decreases.

[1l. BURST ALGORITHM
BURST algorithm is different from the original biacking. A precise statement of the problem ioHevs:
1) We are given a fixed rectangular Brof width W and heightd. The binB has an are& equal toWxH.
2) We are also given a setwftems {1, b2, ..., bh The ith itembi has an areAi
3) Determine a rectangular shape for the ith item widith Wi and heighti such thaii. Wi x Hi
4) Width Wi <Wfor alli. Similarly, heightHi <H for alli.
5) Wi, Hi, W,andH are all integers.

6) Since the mapped region is more than the desitedation Ai, the extra resource is wasted and so,
WixHi - Ai, should be minimized.

7) Due to the rectangular considerations,raltems may not fit the bif8, the goal is to minimize the
additional resource widtiV/ that is required to fit al items.

A .BURST-BASED FORWARDING TECHNIQUE

Basically, in its simpler form, the burst can benfialated as following: Given N primes >R ,with |
{1,2.....N}, by considering their product Mg P, , then for any set of given integers{,mm,.....M, } ,there
exists a unique integer m<M that solves the systésimultaneous congruence m=fmod R) ,and it can be
obtained. The coefficients, @re given by C=Q ¢ , where Q=M/P, and gis its modular inverse . For instance,
its consider the system: m= 1 (mod 3); m =4 (mad$ 1 (mod 7). It is simple to prove that m= 64ves the
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system and that it can be obtained through the elkguations (In fact, we have M=105; C1 =70; C2;£23
=15 and m= 64).

B. METRICES FOR ENERGY EFFICIENCY

According to the BURST algorithm, the number m banalternatively identified with the set of numbers
provided that pare known. The sink knowing; B {1,2,3}and using the burst approach, will be abbe
reconstruct my. In general, if considered that the energy congiomgs proportional to the maximum number of
bits transmitted, and assum « pas the number of bits in the original message n w--- as the maximum
number of bits of a burst component.

In particular, for comparison purposes, the Shorfegh with Load Balancing (SP) is considered. Bl
approach is very similar to the probabilistic ragti A sensor node having a packet to forward choasgéomly
as relayers a neighbor node toward the sink sotfieahumber of hops needed to reach the sink ismized.
Load balancing (i.e., a random choice of the ralagfows prolonging the network lifetime, avoidititat some
nodes could be overloaded.

Throughout, considered that an SP packet is conpbgeK words olw bits each and that the burst-based
splitting procedure can be applied to each woradrysidering that the same is used for all the wofdsame
packet. The overhead due to the MAC layer head,itbist worth noting that all the words in the patcke
generated by the splitting procedure are repredenitd the same number of bits and therefore tegigth can
be obtained from the prime number used to splitgheket. With the above hypothesis, the expectedggn
reduction factor can be expressed by considerirgnne@mergy consumed by a node in the case of tipoged
burst-based and the SP forwarding technique respgctwhere and are the mean number of forwardezkegts
with the above forwarding schemes, is the mean rurobbits needed to represent the burst componamdksis
the energy needed to transmit a bit.

However, if a large number of packets are consijettee expected total number of bits is .In sevpagders
about WSNs, the network lifetime is related to thme until the death of the first node. In this eathe
maximum energy consumed by a node should be alssidgred. Therefore, in this project it investigatdso
the energy reduction factor related to the maxinaummargies where and are the maximum number of fal®dar
packets. Obviously, the set o of primes shouldropgrly chosen in order to maximize the above roesri

C. ENERGY REDUCTION FACTOR

It is important to observe that the set of primenbers with can be arbitrarily chosen provided that.
Therefore, the number of bits needed to represemtbe reduced by choosing the prime numbers ad amal
possible. As a consequence of this choice, the MEBRRaximized. Throughout, it indicates with Minimu
Primes Set (MPS) the set of the smallest consexiivnes that satisfy the condition. For instairitand is a
40-bit word, the MPS will be (this is the set ofadlast four consecutive primes that satisfies teddion). The
MERF in this case is 0.725. However, when the psinset are chosen as above, the message can be
reconstructed if and only if all the burst compaiseare correctly received by the sink. Let's coasidnother
primes set.

The choice it is possible to reconstruct the oagimessage even if component is lost (i.e., if \@eehone
failure). In fact, whatever the lost component tise product of the primes associated with the vecki
components satisfies the condition, and therefarespects the hypothesis of the burst theoremiristeince, if
the last component is not received, it is agairsips to obtain as, where is the product of thet finree primes,
and the first three burst coefficients computediier MPS-1.

1. The number of components is not changed (i.e séinge number of  forwarders is needed).
2. The MERF obtained with the new set is 0.65, i.eERF is reduced by about 11%.
Because usually sensor nodes have simple procassitsy it is mandatory to have a low complex pchoe

for obtaining values. This goal can be easily redctfi is fixed or takes only a few values. Thisisery fast
procedure.
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IV. SYSTEM IMPLEMENTATION
A. FORWARDING ALGORITHM

The forwarding algorithm is based on two tempotages, the Initialization phase and the Forwarghase.
The initialization phase is to split data’s and fiblvarding phase performs forwarding.

B. INITIALIZATION PHASE

This phase organizes the network in clusters aswl lads the advantage of minimizing the number gisho
needed to reach the sink .The Initialization phlags been described in detail and it is realizedutn an
exchange of initialization messages (IMs) starfirmyn the sink that is supposed to belong to thetelu Re-
transmit the IM. On the basis of the received IBlisthe end of the procedure each node in the nktwik
know its own next-hops, which other nodes will iisas a next-hop, and into how many parts the wvecki
packets.

Figure.l, Sink sends the first M

The sink sends the first IM for the initializatighase each node can obtain the MPS and selectesedif
prime number of the MPS-f by considering the orofethe addresses specified in the IM. Recall thairder to
obtain the MPS- f, it is sufficient to know to biher fixed or specified within the IMs, while theimber of
primes corresponds to the number of possible nepttfthat each forwarding node knows on the bdsikeo
received IMs) Because could be different for eamiree node , it use the notation .

However, the sink, in order to reconstruct the rages, also needs to know the index of the received
component (i.e., for each). For this purpose, it aésume that in the header of each packet tteeefield
called maskThe mask could be the binary representation ofrtlex followed by the number of components
[i.e., pair] or a “one-hot” coding bit sequenceldated by a tail bit .Its assumed that the overherdduced by
the mask is negligible. According to the previonisialization procedure shown in Figure .It willcesve the IM
with from the node X, and it decides to belongrtoge Y will have only one next-hop (i.e., X) beaasis at
the end of the coverage range of nodes belongindNtwv, we consider what happens with the modified
procedure.
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Figure.3. Clustering of burst packets

The proposed initialization procedure can be furteéned in order to increase in some cases timebeu of
possible next hops that a node can use as forvearifeparticular, when a node receives very few i, it
does not choose immediately to belong to the alubtg it waits for the IMs with the next sequemzamber in
order to belong to the last cluster if it is moomeenient.

When node Y receives the IM with, it postponeglisision to belong to other node. After some timnejl|
receive two new IMs with from nodes A and B, andréiore it decides to belong to in order to have tw
possible next-hops instead of one as shown in EiguBasically, that anode can postpone its detisidelong
to a particular cluster if the number of IMs re@al\s less than a chosen threshold, but this calobe just one
time in order to avoid an increase of the numbehabs needed to reach the sink. The threshold eaa b
constant value (either specified in the IM or piered in the node memory, and therefore alreadyvknioy the
node). Moreover, if the number of received IM isdehan the threshold, it is possible to use theational
shortest path approach (SP) that keeps workingveithoour technique.

The initialization procedure is performed only whte network is activated for the first time, andsinot
necessary to run it when either a new node joiasntwork or a node runs out of energy. In botlesas is
sufficient that few IMs are exchanged between théenand its neighbors belonging to the near clsisiore
details about the operations needed for the abaseschave been described. Moreover, in order tsidenthe
unreliability of the channel, which causes lossIMf packets and consequently nodes with an in geffic
number of neighbors, each node can start peridgiaalew joining procedure.

C. FORWARDING PHASE

Once the network has been organized, the Forwamtiage is applied. Basically; all nodes follow saene
forwarding rule: If there is a number of neighbatdeast equal to, and the packet has not previaudit, then
split the packet; else use conventional shortetst @pproach. Let's consider the network shown, elwbusters
are obtained according to the initialization pragedalready described in the previous section. Mkssages
sent by each node when the source node H sendsssageeto the sink S. According to the initializatio
procedure, node G knows that it is the only nex-lob node H, and therefore it must forward the pack
without performing a splitting procedure. It is wohighlighting that it is not necessary for G pesify the list
of the destination addresses in the packet. In fia¢he initialization phase, nodes have alreadgived the IM
message, and therefore they know that node G hasiéxt-hops and that all of them have to splitrtfessages
received from G into p=4 parts.

Therefore, when they receive the packet, accorttirfpth the packet size and they independentlycséie
prime numbers 3 and send the components, togeitteavproper mask, to one of the possible next-héfizen
the sink receives a component, it identifies thenber of expected components on the basis of thé,naasi
therefore it calculates the MPS-f and the coeffitseneeded to reconstruct the original message.

Concerning the complexity of the algorithm, it i®nh mentioning that the message splitting is pentaxl
only one time by the nodes that are the closefte®ource and have the opportunity to do it (&.they are in
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proximity of a number of neighbors higher than tineshold specified for the initialization phasehereas the
other sensor nodes in the network will just forwdh@ sub packets. Moreover, only the sink node will
reconstruct the original message through more cexnpperations as described, but this can be cantdidée
usually the sink node is computationally and enrgky more equipped than the other sensor nodes.
Obviously, in the case of very large packets, passible to split the packets recursively, bubiider to keep
the complexity of the proposed algorithm very ldtw ¢consider that a packet can be split only ome ti

V. PERFORMANCE EVALUATION

In this section, the comparison of the performantd8URST in terms of energy consumption to those
obtained by SP. Moreover, provided some resultaiogt comparing the BURST to the most naive spitti
scheme, a simple packet division into chunks.

The results have been obtained through a custom IMMBTsimulator. A comparison between the results
obtained through the analysis and those obtainedugfh the simulator. Then, we analyze some other
parameters in order to show the advantages ofrtioped technique.

(=41
Hirtie

e

i

Figure.4. Amount of Data vs Execution Time

Figure 5 shows the values of transmission 1 anstnéssion 2 are taken by simulating the packet doting
Let consider a sensor network where nodes are nalyddistributed in a square area of size m, withgity
nodes/m . Sensor nodes are assumed to be stascasn most application.

eacLlEr Hime

Figure.5. No of Transmission vs Execudon Time
Figure.5, shows the values of transmission 1 aadstnission 2 are taken by simulating the packet

forwarding In each simulation, the sink node isatedl in the center of the square grid, and eactosemde has
a transmission range equal to m.
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Figure.6 Transmission Rate vs Execution Time

Figure.6 shows the evaluation between transmissit® and execution time. The network is organized i
clusters numbered in ascending order starting tlercluster where is located the sink node, whiddentified
with the events randomly occur in faraway clustemulations neglect the effect of collisions and
retransmissions at the MAC layer.

VI. CONCLUSION

A novel forwarding technique for wireless sensammeks based on the BURST algorithm is able to joted
the energy efficiency of the process. The choicethef burst algorithm parameters in order to keep th
processing complexity low, and then the tradeofiveen energy consumption and reliability are messear
Finally, the overhead introduced in terms of padlezgder size in MAC layer will be reduced. Simwatresults
have confirmed the results obtained and have shbanapplying the BURST-based technique signifigant
reduces the energy consumed for each burst nodeices computational complexity and consequently
increases the network lifetime.
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