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ABSTRACT

Wireless Sensor Network (WSN) is one olthe most emereing technologies that

will change the world's tuture. Research s'ork is in progrcss to cnhancc thc

productivity and et-fectiveness ol this technologl . As u ith thc gro* th ol' this

field. the challenges to sensor nodes are increasing rvith satne pace So lirr

researchers there are many dimensions of research. WSN is thc nctu'ork ol'tinl'

independent sensor nodes, called motes, generalll' thc)' are battery operatcd and

due to their critical nature it not possible to changc thc bat(erics randonrlr.

which is one of the main concems of rvireless scnsor nct\\'orks lnd is dircctll

concerned to the netuork lifetime. For cnhanccmcnt in thc ncttork lilctirnc

an1' u,ell-organized routing technique can plal a vital rolc. as about 80u'i, ol'

energy is consumed while transmission of data tiom scnor node to base station.

To overcome this energy issuc. this rescarch "An linergl lilllcicnt & IIlbrid

Adaptive Intra Cluster Routing" which is a blcnd ol'previotrsll uscd tcchniclucs

is proposed that pror ides an optirnal solution. Quantitatir.c anall sis exposcs its

energy competence over the other work publishcd.

An Energt Eficient & Hybrid .4daptive Inta ('lustcr Rottine r iir
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1. INTRODUCTION

The field of wireless communications is lacing tremendous gro\ tli. \\'ircless

technology is trying to cover every part of Earth. Millions of people from different

communities and sectors communicate dail;- using multiple dcvices. so arc nlLrltiplc

applications running on these devices. By the boom 01'thls technoloqv one is able to

communicate.anl whcre tltt tlrc carth.

Enhancements occurred in r.l'ireless networks is rcmarkablc cspecialll in mohilc

networks and Wireless LAN (WLAN). Beside these. Wireless Sensor !'rctNorks

(WSNs) are the most rapidly grorving technolog) and getting inr oh'cd in ahnost all

sectors oflifc. The sniall and Io$-cost computation aDd contmunication der iccs clllerl

sensors; eue waiting for more research to maximizc thc capacitl itt tcrnts ol cncrgr.

data storage and processing.

1.1 Wireless Sensor Network

" r'ireless Sensor Network is u wireless nelt'ork of vry snrull uulrttufitrttrs tt ircle ;t

devices scotte.red in spacilic geogruphical urcu tilh ()na or tllorr .;r:rtsrtr: utlut'had to

them to monitor changes in physical or environmenlul conclitions.

Field of Wireless Sensor Network is new.fangled ancl is briskh crpanding. so is thc

inspiring research area which has aftracted significant research attenlion in the near

past. There is variety of research dimensions ou'ing to thc potcntial to translietrrc

many sectors ofour daily life and economy. 'l'his research cfibrL adtied a signilicant

piece of knowledge in the vast field of WSN.

With the growth in WSN research. the challenges to sensor uudcs arc increasing riith

equal speed. Besides networking. energy consumption. data management and securitl

are important-challenges.

l.l.l Past and Present

The idea of wireless sensor net\iork was first provoked by military. bttl alicr secittu

its marvelous results. now it is being tried in almost crcr'1 licld. Il'rrc look inlo

history. Intemet was invented for military purposcs and latcr on it u as Lrsed lor

An Energ't ElJicient & Hybrid Adaptire lntra ('luster Roltntlg
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Industrial applications and later on common man benefited br it- \l'SN has same

revolution hiStory. it was introduced by the L,.S Armr to Lrsc in battlctlcld. but

nowadays the use of wireless sensor nel.work. is becoming part ol-dar11 lilt as Inte re t.

is. Few of the business oriented and daily lil-e applications of uireless sensor uctutrrk

are as folloll's:

o Battlefield awareness (e.g.. multi target tracking)[1]

o Modelling long-range animal migrations

o Obserr ing inter-spccies prcdator-prcl intcrletioll:,

o Analyzing the impact of human der elopment on aninral behar ior

. Machine surveillance (e.g.. axels of trainl

o Industrial sensing and diagnostic (e.g.. appliances, 1-actor1. supply cliains. etc.l

o lnliastructure protcctioll (c.g., powcr grids. lrater disLlibutrol- ctc )

o Context aware computing (e.g.. intelligent homc. rcspousire ctrviroumcnt)

. Environmental monitoring (c.g.. tralfic. I.rabitat. securitl . pollution. ctc .)

o Intruder detection

o Fire rescue and forest fire detcction

o Condition based maintenance

o Air conditioning sensors. etc.

Remote
Monitorin6

ll ld Us!.rd,

M eac,.rrentent _l

M3:h .e lrrrr.ei
'' ir i ,.:r _1r ri

Figure l- I . Applications of U'SN ! l

5ustainability

An Energt Eficient & H),brid Adaptirc Inlro Clustel Routing
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Chap# I .

1.2 Problemldentification

Wireless sensor network is a netvlork of small tinl nodes callcd rrott'.t, thc uctret'al

working of motes in WSN is sinrilar to uorking of a normal uotkstal.ion in a L.\\.

These motes can perform limited processing. the) can sliarc (scnd and rcccirc) scnscd

data with other or neighboring nodes connected to them or to othcr neluorks lhrouuh

cluster head. Motes are pou'ered by baneries and batterl replaccment is not possihlc

in most of the cases. therefore some significant actions are needcti to bc perlirrmetl to

reduce the usage of energy in the WSN.

Our research work is one in the chain of those significant actions to minimize thc

energy consumption. We have developed an energ)'etficient mechanism tbr rotrtrng

in wireless sensor networks.

1.3 Contribution of our thesis in research

l'his new technique of routing "H1'brid Adaptive Intra Clustcr l{otrtins llechanlsni" is

now in the fleet of WSN. it has reduces the cnergl consumption rihich rcsults in thc

. enhancement in network lifetime b1 using the energl in quitc cl'licicnt manncr. I-his

mechanism has been implemented and got mark ablc l'isc lll rcsult\ rr hich i.

illustrated in chapter 6.

1.4 About this Thesis

This thesis is structured as per the rules of institution. A briel dcscription ol'chapters

is listed below.

Chapter I and 2: Describes Wireless Sensor Netu'orks prcsenting gcncrul architccturc.

hardware used fbr WSN. soliuare and routing nrodcls uscd in \\ S\.

Chapter 3: Literature survel'. Stttdl. sttmmarizc. and criticrrllr ohscrr cd thc

publications ofother researcher. who worked in the same donrain.

Chapter 4: Complete details and core of the proposcd tcchniquc.

Chapter 5: Simulation details: herc u'c describc the tlctails ol''l-inrOS []. ll. IoSSI\l

simulator [4. 5] and their working. Implementation detarls are also prescntctl.

Chapter 6: Evaluation and comparison of proposed tcchnit;ue rrith prcriotts

techniques and protocols. results are represeutcd in glaphs.

At the end, in Chapter 7 conclusions and future work is presentcti.

An Energt Eficient & Hybrid .4<laptirc Intrd Cluster Ro tin! I
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2. WIRELESS SENSOR NETWORK

Wireless Sensor Network is a neu and t'ast qrou ing tcchnolog) It has grabhcrl the

attention and efforts of researchers towards itself and it is an innovative research

domain in wireless communications.

As it is known that change is the onlv permanent thinq in litc. so it is thc natrrre ot

humans to invent and discover more and morc Ilumans' mostl\ acl\lnccs rrc in tlrc

area of science and technolog_v to lacilitate mankind.

2.1 Architecture of WSN

'['hc inventions in \\'SN brouglit thc contbination ol' rhree main tasks. scnslng

computation and communication performed bv a device sized about a coin. but lurther

actions like computation. etc are nol performed. As lteluorks are c()nrbinati()n ()1'

uorkstations and serrers. samc as \L'irclcss Sctrsor \clrrork: hure lrrrr hrotrtl lines.

sensing and computing. Motes are aI sensing side. l hese are tinr. clllcrenr uirh

rvireless capabilities. cheap and hatter\ po\\cred scr.rsor unil-s:rre knrrun us sL'iti(rr.

nodes. These are to sense the changes in the concerncrl area [hcn pcllirrrn brsic and

specific tasks on the required information and send to base station. This base station is

at the computing side, which may be a laptop, workstation or heav1, durl servcr

depending upon the requirements and natu.re of usage.

Sensor nodes are to be installed in the specilic resion lor specilic tasks to gct the

required inlbrmation that mighr be atmospheric changcs or phlsical nroniLorirrg likc

spying. etc.. and constantlv send that infbrmation u,irclessll ro basr- sration. .\t the

base station information is received and lurther processed as per requirements in order

to generate desired results. Figure 2- | illuslrates the WSN in a tl,pical applicarion.

-lrn"erp' Efiic,e,rt &. HJt na laqiin" t"n. ttust", ttu,nry
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Figure 2-l: An Overricu ofa \\ ircless Scnsrrr \cl*ork

,, 1 Factors Affecting WSN

Here are few importanl factors which can allcct the uir-clcss scllsor nct\\orks

seriously. which include lifetime. co\erage area. c()st. ease ol deplorment. response

time. temporal accurac)'. securitl'. and effective sample ralc. Ihc liletimc ol a nclrrork

is at the highest prioritl. thereforc it is discussctl in dctail

2.2.1 Lifetime'

Lifetime ofany network is the time from the start. ofanl net\\ork. till the death ol'its

first node in thal netuork. WSN nodes are mostl] placcd unattcrldccl in opctr arca lbr

years or even long. The major issue affecting thc lilctimc ol a scr.tsttr ncniork is tlic

energy level. Each node must be dcsrgncd iu att ttlgalli,,cd rrltr lr pr()llcll\ utili,/c lls

local energy 1o maximize the netu'ork lifetimc lt is noticcd tllat ll0o',, ol ctlcrur is

rutilized during communication.

Therefore our research work focus on the samc issttc. \\/e designed a rotrting

mechanism to minimize the energy consumption dttring comnrttnication.

An Energ; Eficient & Hvbrid Adaptire Inta ('lustcr Ro tifig
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2.3 Sensing Node

There are many manufactures manuf'acturing lhe scnsor nodes' hartluare callcd nrotc.

Few are very specilic according to special cn\ironmcntal condititrtts. cg. l'llotcs 1o

check the affect of chemical reactions arc vcr\ spccilic in critical chcmical

environments. Generalll' a sensor node has live main contponcnts nanrcd as:

Microcontroller. Sensors. \4cnton. Poricr Suplllr and Illti,lio l'tansccircr. \ll

components are smart in size and cnijrg) consumption. Cuntpottcuts atrd arcltitcctutc

of sensor node are well illustrated in Figure 2-2.

Figurc 2-2: Cotnpotrcnts attd Arellttcctutc oI Scrt:trr \odc

2.3.1 Components of Sensor Node

Here is the detarl ol'thc componcnts listcd aboi c.

2.3. 1.1 Microcontroller

Microcontroller is the most importanl componct'lt ol'a scnsor nt,cle . [t processes data

and controls the functionality of other componenls

Easl' to program. energl' efficient (as consltmcs lcss porrcr). and llcrihititl in

establishing connectioll uith othcr dcrrccs arc thc kcr lclttr.rres ol-Itricrocrrtttrolltr

which let it the most suitable and appropriate lbr a sensor node and mostl) ths tirst

priority for other embedded systems as well.

Other substitutes of microcontroller are Ccncral Purposc trl icroproccssors. liicld

Programmable Gate Arra) (FPC,,\). Digital Signal l)toccssors (l)SP)arrd ,\pplication

Specific Intedrated Circuit (ASIC). But they have much more dra*backs. so cart'I bc

uscd in sensor nodcs.

tc lnlru (.lusler Rrnt ittg
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2.3.1.2 Sensors

Sensors are used to sense the data. There arc t\\'o main t\ pcs ol- scnsors. .1,?(i /oq and

dlgltal sensors. Analog signal is concemed with the phlsical changcs in enr ironnrcnt.

These signalS are firstl-v converled to digital and thcn scnt to n.ricl'ocontr()lle r li)r
processing. Sensor nodes are typicalll disposable in naturc as hare Iinrited snerg\ to

be consumed. Users have to be ultra careful while deploy"rng thc'scnsor nodes to {el

the optimum results.

2.3.1.3 Memorv

Sensed data stays in a local sensor tbr a short pcriod ol'timc and is then transnrrttcd.

normally motes require small amounts of storage and rnemon. but still is onc ol the

imponant components and cannot be neglected. l[ we necd to store data lbr long

period of time. it is more resourceful to use flash (on-chip memor\') instcacl ol SR.,\\l

(Static Random Acccss Nlcmorl ) bccause tlash nrcnrorr docs not rc(luirc cnerrr) 1()

maintain data and liom storage point of vieu. tlash has highcr dcnsitl than Otl:( hip

SRAM. Flash takes less processing time than SR-{\{

2.3.1.4 Power

Power source is the most important componcnt ol a scnsor rrodc as lilc (rl a sen\or

node depends on it. Communication is most inrporlarlt task rihie h is pcrlirrrncd br thc

transceiver and process the majoritl'of the energr arailablc. I)o',rcr eiln be strrrcd in

capacitors or in batteries. but primary and frequent source olpoucr sLrpplr is battcrr.

Few common batterl technologies are Lithiuur. r\lkaline. antl \ickcl \lctal. [)uc to

the current development batteries are able to be recharged b1 r'ibration or srtlar cncrrr.

2.3.1.5 Radio 'l ransccir er

In wireless communication radio transceivcr has u kcl role. lt is thc conrpr)neut.

which receives and send signal. Radio Frequencl. lJluetooth. Inliarcd and Optieal

Communication are suitable options. bul Radio l;rcqucnc) (l{} ) is Ihc nrosl. suitrhlc

option for Wireless sensor nodes because other tuo has isstrcs u ith scnsor notlcs i.e .

Inlrarcd and Blucttxrth has linritctl ranue ltrr corl rlun icirl iorr. Optical ( onrrnLrnication

(LASER) are sensitive and requires line of sight fbr communie ation.

An Energ,'Eficient & Htbrid Adaptite Inlru Cluster R( title
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Among the four modes oftranscciver. "ldle" should not bc utilizcd bceaLrse ol-its hirh

consumption of energ! as in "l ransmit" or "llcccire" and thcrc sh()uld he sor])c

intelligent rule for transceiver to move to "Slcep" nroclc anti licc rcrsa as plcntr ol'

energy is required in this process.

2.4 Sensor Hardware

Sensor nodes are minute sized- lcss encrg) eonsunlcrs attd Inostlr disposablc. I crr

common brarids of motes are ('rosshow Berkelel' \4otcs l7l, l)Lrst \ctrrorks llll and

Telos [9] etc.

There are multiple models of sensor nodes rcquirccl lbr dillcrcnt 1\pcs ol lasks lo bc

performed. Names of l'eu common motcs Jre nricu. mical shou n in I igLrrc I i.
mica2dot shown in Figure 2-4. E1'es. KMote lMotc. Rcnc and nricaz. clc

Figure 2-3: Mica2 mote. [7.1 lrigurc ?--l: 
.l 

hc \ll( .\llX) I nrotc [71

Complete specifications ol'mote models can bc tirund on intcrnr:t.

2.4.1 Future Motcs

Size of electronic derrces is reducing da1 b1 da1 and cllicicncl increasing

simultaneously. New 5 squarc millimetcr sized chip nanred as "Spcc" has all thc

components found in a normal motc: ( l)[ n]cnlor\. scnscrl dala readcr iln(l a

transmitter. To make it a complete lunctionalll acti\ c motc onl) scl)sor(s)- an antcnr)a

and battery is required. Shown in Figure 2-5.

An Energt Effcient & Hybrid -4daptive Intra Clusler Routing t0

ll'irclcs: Sen.rrr \erv rtk,
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Figure 2-5: "Spec" mote compared with the tip of a ballpoint ll0l

2.5 Sensor Software

Design of software architecture in wireless sensor nctugrks has a rital rolc to britlge

the gap between hardware and complete system Avery sophisticated sotirvare is

required to meel tLe requirements of complex applications. lt should bc corttpcl..rl1

enough that takes less energy to process the tasks. requires minimttm mcmorr and

must be able to allow different applications to use system simultancousll. Soliuarq

for wireless sensor networks must be efficient in:

o Real time on-sensor processing

o Time synchronization

o Managing data and events

2.5.1 Operating System

Operating system is a software which enables the hard*are to rttu for thc uscr. but tbr

WSN a less complex than general-purposc operattllg s,r stcttt is rcquircd: it is because

of energy constraints and applications o1'WSN. To lacilitatc rrirelcss scusot-uct$orks

there are multiple options of operating s)'stem to develop and implcment algorithrris.

TinyOS by Hill et al [2] is designed explicitll' for WSN: u'e ttse it for ottr research

work. Unlike multithreading used by general operating systems TinyOS uset et'cnt-

driven programming model and possess c'),?rr handler to hundle the elcrlr. 'l invOS is

open source ioftware freely available on lntemel lbr application development lbr

wireless sensor networks.

llAn Energg Effcient & H-vbrid Adaptile Inlrq Clusler RoulinF
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Code of TinyOS and programs \A'ritten fbr 'l inyOS arc rrritlcn in a spccral c\tcndcd

C-programming language named as "nesc" ll ll specially designcrl lbr \\'S\.

There are few other operating systems for WSN.

. "Energ Elf cient ,\'cnlorks (81'8S/". l his opcrating s\ ste lll \\as ptoptised hr

Dulman ernd Havinga [ 2] lbr a Europsan pro1cct. I his pro.lect had

charactcristlcs of ,listr-ibulion. sntall :izc. lt()\\el coltse ioLt. anil

reconfiguration.

o "Contiki by Dunkels et al. U 3]. Contiki is iu't ()pcll :r,LrrLu ,\pe r.rling :\ \t(r)l

for embedded svstems. implemented in (' languagc. ponablc antl sttpport.

multi-tasking. Authors hare also developcd a simulatol lbr it nlrrlcd as ( Ltntrkt

nentork simulator-

. Sensor Netvork Operuting Slstcm (SOS) b1 I Ian ct al I I5 | in 1u05.

2.5.1.1 TinyOS

We have used TinyOS operating s)'slem tilr ottr rcscarclt trork bccattsc Lrl ils

flexibility. It fs open source and lieeh' availahlc on Intcrncl. f inr OS is rr idctr uscd as

compared to other operating s)'stems. Lots of improvcnrcnts harc bccn madc in latcst

version ofTinyOS.

2.6 Routing.

Routing is evolred lrom route uhich ntcans palh- \\a). c()urjc clc. Ilotttilte is :eleetitti:

paths betl^een one node to another in a netlrork on uhich inlirrrnation is to be scttt.

Routing has a key role in all kinds of netu'orks. but cach nct\\ork has its oun

requirement and priorities for muting. LAn'. \'1,\N. \\'AN are trndcr the umbrella ol'

electronic data networks Ihat use packct sriitchinu. rrlrilc tc['nlrrrnc Itct\\orks u\.

circuit switch-ing. In packet su'itching networks. data is sent in thc lirrm ol'lolieallr

addressed packets tiom source toward thetr ultimatc deslit.rllion ctther tiircct or

through intermediate nodes. 1hc routing process is bascd on thc t'outtttg tablcs rihich

maintain a record of the routes to a varielY ol dcstinations in thc lrct\\ork.

Router's memory has vital role in functionalitl ol'l(outcrs. ('onstrllclirts ol routing

tables is performed in it. by which efficient routing is dcsircd. normallr most ol'thc

An Energt Effcient & Hvbrid Acluptivc lntru Clustcr Rrnrtn,! rl
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routing algorithms utilize only one netuork path at a lillc. frur b1 the hclp ol

multipath routing techniques multiple allemativc paths can hc Lrsctl lbr routin!

2.7 Routing in WSN

Communication has a r ital role in \\'SN. [t plal s a great rolc in dcciding the routins

technique to be uSed. ConYentional routing schemcs hare scrcral liniitations and atc

not affective anymore when being used in sensor netuorks since tlie energr

considerations stipulatc the onll csscntial and minimal rtlttting to he .lotlc

Researchers have pur a lot of efforts to dcrclop a best suitablc arrtl lcccptab)c plotoc()l

of routing in wireless sensor netu'orks to enhance the life of nctstrrk.

There are two main routing protocols for routing in WSN that arc direct aud indircct

Direct is also knoun as One-Hopt$ingle-l{op. *hich means thcrc arc no internretliitlc

nodes between a node and base Station/cluster head. ln indircct or Multi-Hop roLrtingl

data is sent to its next hop and so on until it reachcs 1o thc basc station. Precisc

description of above mentioned rouling models are discusscd iu lttcLutut c rcr tcrr '

An Energt Elfcient & Hybrid Adaptive Intru L luliter Routin4 ii
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3. LITERATURE SURVEY

Wireless Sensor Network is a key research area since a decade. a lot of research has

been made and still the research is going on Io make this lleld more and mort

effective. Still there are manv un-discovered areas in this licld to be revealed. \\e

have studied some o1' latest work done published in this area. u hich is lirr knorr lcdse.

to know about the updated research work and better understanding in this specrlic

AI€A.

3.1 Already Published Research Work

Researchers have contributed a lot in designing multiplc routing prolocols litr abor c

illustrated models but still more improrement needed; critics arc discusscd as rrcll at

the end of each paper.

LEACH (Low-Energy Adaptive Clustering Hierarchl). a rrell-knoun routine

protocol, it is developed by Heinzelman et al [6]. It's a rerr classic prokrcol. .\Lrthor'

discussed and analyzed different routing prott,eol: and thcir cncrgr. Later orr-

proposed a new idea t.ll'segmentation ol sensor nodes into clustcrs. One Irodc atrttng

the nodes will be selected as Cluster Head. This CH role is not spccilic to one node

and can be transferred to other nodes depending upon the cncrg_.- level. Ohscrving

analyically it is proved that by this rotation of Cfl role cncrg) ulrli/alion crn hc

reduced; in result network lifetime will be increascd cventuallr. Ilr simulatrrrn rt rs

calculated that LEACH can have factor of 8 in reductions in cncrgr er)nsLrmpti{rn r5

compared to other protocols.

The aulhor focuses the seleclion of clusler head and energy is conlrolled b))

selection otclusler. This paper does nollocus on lhe ntuling lechniques used b.t'lhe

sensor nodes other lhan the cluster head, Moving the clusler haodlrom one no t, lo

anothet agoih involves execution of clusler heotl selection algorithm, which in turn

consumes energl, consequen 
'' 

rcduces ,e nelb,ork lifttime.

Bandyopadhyay [7] presented another technique for chrsler crcation. in this papcr the

author has presented an algorithm by which sensor nodcs are organized into clustcrs

t5An Energ,, Effcient & H.y'brid Adaptiv lntru ('lustcr l?oviD!
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randomly. Energy has been saved by limiting thc CII advertisemcnt to spccilic

number ofhops.

The model proposed by the author fi71 reduces the use of energy ond proposed lhe

idea of clusters but here aulhor ogoin mentioned lltol w'ithin the c'lttsler, either

Direct or MukiHop routing will be used. So lhe mLrlure oJ lhe txtt routittg

techniques is oul of scope of this paper which results in reducing tlre network

lifetime.

Researchers in [18] have discussed the tuo major tlpcs of rouling modcls in \\'SN.

Single Hop Routing Model (Direct Routing) and Nlulti-Hop Routing Model (lndircct

Routing). Precise description ofthese models is as follows:

One/Single Hop Routing Model (Direct Routing)

A common and simplest most routing model uses one to one sending. Nodes arc

totally isolated: they are directl1 concerned tith the basc station in scndint or

receiving data and have no relationship uith the othcr nodcs. lt is similar to S I \lt
Topology architecture. Like in star topology all vvorkstations are directly' connectcd to

a central switch. Figure 3-l is uell illustrating thc dircct routing.

Figure 3- I : One hopi Single hop Routing Model

No dependency lo.other nodes. No shoring, so no securih' ho7.trtl, hnl more ?ntg.l'

consumplion. It is best suitoble for small nehtorks.

Multi-Hop Routing Model (Indirect Routing)

This is almost opposite to the Single Hop model. In this model nodes are too social.

Except few which are close to base station. all nodes rell on other nodes to scnd dala

.4n Enerpg Effcient & Hrbrid..ldaptiv Intru Clu.\tar Routing l6
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to the base station. This model consumcs lcss

networks as comparcd to direct routing. Scenario

cncrgr and i: suitirble lirr brggcr

irr tluitc clcar in I:igurc: 3-1.

t-;-l
I 5lal'on I

/*-1-\
/ \\

t
/\\

/\
a=\.=. SensorNode 

\
-t

)

I rgure: i-2 Multr-hop rDodcl

Less energl; consumplion, but secu l)' hazanl, latu cu he s W ur lhe

inlemediate nodes. More burden on the nodes nesr lo bose sldtion.

Researchers in [18] also presented an advanced routing model named as Cluster-

Based model which later on became the core routina nrodcl in \\'irclcss Sensor

Networks. In this model whole network is segmented into clusters on thc basis ol'

distance between nodes. Few nodes form a cluster and one ol lhenr is a cltrster heatl.

Cluster head gets data from the nodes ofcluster and perform f'cu basic calculations. it'

requiredl then send the data to base station or to an) o1hcr clustcr hcatl. shcrc nccclcd.

Figure 3-3 is showing level 1 and level clusters and clustcr hcads.

More efJicienl lhan lhe direct and multihop, less energy consumptiot,,

comparatively more secure than If ulti-Hop.

Litr'rtturc'Stu'r.r
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I igure i-j. Cluster basc.l ttr",jcl I I 8 |

Ming Ma et al in [9] dividc the net\\ork into tuo tipcs ol'n(xlcs- basic stalic i)odes

and mobile Cluster Hcad. on this basis hc namcd thc tlctuork as hl briel ('lustcr llca.ls

are considered as upper lalcr uhilc basic static nodcs atc cotlsiilcrcd al lorrct Ia-rct

Static nodes of lower layer sense the data and send it to mobrlc ('lustcr llcads. .\

technique to position the Cluster Head dynamically is proposeJ here. Results shou

that by updating the Cluster Heads to better location. hlctinrc ol nctrrork is erthattcctl

and a baianced network can bc achiered. Perlbrtratrcc ol thts hyi,rtcl rtet\\ork ts qrtilc

better than homogenous net$'ork lbr energ) utilizatl(tn. An orcrr ic$ ol' this l$rr

layered hybrid sensor netu orks is quitc clear in I'trLrrc l-1.

l'igurc j-l:   l\\o [-a\ crcd llybritl S.,'sr,r'\et.\or], iL{)

o

f .urre: Head La', a

1n Encrer Elfidi,ttt & llrhrid ldili\',' Int,Lt ('lu\tr'r I?,'r,titt,, llt

I
- Out-crd€ Otr:en-ff

in --i {._...1 t.-tl

ScnsorLava -iEiq-l.'Zo\l.--:
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In the above mentioned paper, aulhof achieves the energy efJi(iency b.1' ntoving lhe

cluster head )oitl, passage of time. Tltis paper uguitt uscs lha stutic ruutitrg

technique. No doubt, enetgt elliciency can be achieved lhrough moving lhe

position of the clustef head, but if some efJicient and adaPlive touling is used abng

wilh lhis model il can give far better resulls.

Goyeneche et al proposcd a distributed data gathcring llgorithrl li:r rr irclcss rrcl\\()rks

[20]. In which each node broadcast its data to it5 l)cishbt)rs rtlld so .rtt uttti, .lrti.r

reaches to that specific node that has already sent its data to the BS. This nodc $ ill bc

elected as Cluster Head for the sending nodes.

+l-: Mechanism for selection of clusler head. Although less energf is consumed

while selecting lhe cluster heatl, but lhis research x'ork is not cttnt'ernetl x'ith the

roulittg techniques.

Nauman Isral and Irfan Awan in [21] proposed a cluster based routing algorithm to

achieve the less energy utilization in wireless sensor network. ln this algorithm thc

node whose centre is in the diameter range of transmitter of neighbor nodes becomes

the temporary Cluster Hcad of all those nodes. 
'fhc.e [cl]1p,.)Iiir\ e lLlstcr hcilJs -lrc

considered at top.laler and all nodes arc at bott()llt lareL. \otles se tld rlut.t t0

respective temporar.v cluster head at the boflom laycr and at tht: to| Iar.'r tentpt,rlrr

cluster heads deliver data to the base station using multihop routints. ll) perlbrnlatrec

analyses by the author it is shown that the suggested solution is mt,rc energr rrrltc

and performs the balancing in netu'ork. Figure 3-5 shous thc proccss ol fbrmation of

temporary cluster head on the basis ofcorcragc- arca und ligLrrc 3-(r sho$s thc gcnerltl

operation of algorithn.

le,An Energt, f-llicienl & ilyhriLl .tcltrltt,.'r lntrLt ( lu\tet l?()utit !
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Figure 3-5: Formation ofTemporaq Clttstcr Ilcarl Jl I i
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In this paper [2lJ aulhor proposed lhe idea of lemporarT' clusler heud. T'emporarl'

clusler head lecinique can be called Ilutlillop routittg, bccutne the butic

phenomenon is same. However selecling a lemporor)' clusler heod ogain requires

execulion of some cluster head selection algorilhms, which require energ.t'. So lhe

energ) consumed by lhe algotilhms reduces lhe networh lilelime.
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Irloang af cl. [22] presented one morc cncrg) conscr\attolt tttotlcl. ln this papcr rhc

broadcast nature of sensor nodes is utilized. Flach tinle the clata is llansnlitled in tl]!-

coverage area, each node hears it even if that data is no1 lor iL. ln this rcscarch \\ork. a

technique is used in uhich a node compresscs its oun data b) orcrheariug the othcr

communication. The energy utilization can be achieved. Collaboratiie broadcasting

and compression used this technique for WSrr- is shorir in Figurc -1-7

-q Cne' .-,{ n,:'jE ,q

,c

3

l;ril-,irl .t' ',i!lr li

Figure j-7: Collaborativc Broadcasting and Cotlprcssion itr \\ S\

The focus of lhis paper is to sat'e lhe energ' b.1' minimizing lhc ratcit'ittg lroflit of

olher nodes thal is caused by lhe broadcasl nolure of lhe routing algorilhnts' But

here the aulhor ogoin tlescribes thst eilher to use Direcl or MultiIlop ro ting, bul

not both at a lime.

In [23] LiLi et al proposes an algorithm [<rr energr elficient clusrcrinq and routing in

wSN_ ln this algorithnr cluster creation and routinl in cluslcrs rs inrplcmcntcd.

Algorithm first forms the clusters then selection of clustcr hcatls takcs place on

account of weight values of nodes. A balanced network can be achieved and less

amounl of cncrgl. consumed during routing ri hich rcsults iu tl.tc ittcrcasc iu nct*ork's

lifetime.

No rouling issue is discussed. Even lhen in routing in clusters is onlv b.l' ntullihop

or direcl.

Wu et al [24] have presented a mechanism of Self-Rcorgan izin! Slot ,\llocation

(SRSA). In this rbsearch work inter cltrster TDMA intert'erence is reduced. Also

presented a mechanism of reorganization of slot allocation on \1.'\( laver hr rrhtch

i-nter cluster interference can be reduced as lvcll. lhis mechauisnt is adaptirc and
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feedback based. comparison of I'DMA with ('DNtn. \'ith randomll slot allocation

and with CSMA MA('protocols took place b1'thc srmtrlatron'

No routing issue is described in this paper. This work corrcltlctl to lhe .11..1('la.rer.

Energt effrciency is achieved through SRSA.

ln [25] Irfan Ahmed et al presented a routing protocol nanrcd as (( ltrstcr- ll) bascd

Routing in Sensor Networks). In this algorithm C'lustcr ID basctl routin!r is atltrptctl

and cluster size adaptation is proposed. Here Clusler Il) is used as ncrl hop insteati ol'

CH-lD in routing lablc. This cliniinatcs thc clustcl lirrnrltiotr ltroec>s itl cilch l()trl)!l ()l

inter cluster'communication. Cluster fbrmation is onlr carricd out in slarl lllld

reformation of cluster head doesn't affect on inter-cluster communication. B1 thrs.

energy consumptiOn reduces $,hich results in increasc of nct$ork lrlctilnc to abolrt

16oh. The results are compared u'ith traditional hicrarchicel routittu protocols llnJ Ltrl

the better results.

+l- This work is related lo inler clust* ruuling, et,ergj' cott:t ttt,,Plion is reducctl

while communicating from one cluster lo ut'otl'er' '\lo rouling issue is tlistussel

here in lhk paper.

A. Akhtar [26] presented a technique. ;\daptir e Intra ('lustcr I{trLriinu (.\l( l{ ) liustrlts

sho* that this solution of routing minimizcs the encr-tr c()ltsLrtl)ptloll. llt shieh tltrile'

are categorized on the basis of distance ofnodes tiom cluster head. Close regions are

formed by the nodes near to clusrer head. onl; Dirccr routing is adoptcd in closc

regions and MultiHop routing outside the close region. sho\n in F'igurc 3-tl' lhis

utilizes the energy of network efficiently and improved the Iifbtimc o1-the nctriork.

-4n Energt Efia;ent & Itl'bricl 'lclctptitt' lntro (-luste, Rotrritt::
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Figure 3-8. Adaplr\c Intra Clustcr Routing tech rqu.

Energt elliciencf is achieved by the blend of both the routing techniques, direcl and

muhihop. Bul stiil lhey arc not elfecfivell used; fttll beueJils of thc blcnd urc not

availed, so is not Jully adaptive, Selection of nodes in close region is stalic. ,\ixles

using direcl or mullihop touling nill be sticA to il lill lheir deulh, I'roper usuge oJ

this blend can enhance lhe ,retwork life.

Chiu-Kuo Liang. Jian-Da Lin and Chih-Shiuan I-i l27l rn this papc-r suggestecl that

nodes in grid can save energy in routing the.data, [n this scherlrc tramed Stcincr l'otnts

Grid Routing (SPGR) protocol. the nodes onlf in grid can communicatc to cach olhcr.

rest of the nodes will not be eligible. Authors havc improvcd thc dclrciencics in

already present grid routing protocols.

Yan Sun et al in [28] claim thc reduction in eucrgl consullrption and qualitl ol'

delivered data by using their technique. In this solution authors lro acti\it\ is thcrc

when there is no event to perform. Positive feed-back schcme cnahlcs the ttorlcs [tt

work efficiently on occurrence of any evenl. Onll ncuativc-acknou lctlsurcnt o1'

packets is entertained to achieve reduction in consumption ot encrlrv and handr,'idth.
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Shancang Li: Xinheng \rVang and Zongbin Li in llgl '\ulhttrs proposcd a scltctlc li't

scalabilit) in wSN. l-his scheme is based on hierarchical structule. \odcs are

Segmented into clusters in hierarchical manners. Atier or!ltnizins the nodcs anrl

Clusters. any intra or inter-cluster routing is tlsed to makc thc nctrrork scirlahlc.

Authors compared the proposed scheme with alrcadl prcsent schcmcs and tirLrncl it

better than others.

Guowei wu et at in [30] designed an algorithm rrhich collccts tlic data liom source

nodes in an efficient wa1-. Nodes are grouped in a group and a nlohilc agent is allottcd

to each group. This mobile agent is sent in thc nctrrotk to llnd tlrc trcrt ltop. itr crtse ,rl'

unavailabilit-". Of next hop. rnobile agcnt p.ocs back Io ctlrrerll tl()(lc. ('tlrlcrlI ser]\(!l

node then sends the mobile agent to the node next t() the l'ailurc otlc. lil this tlata

aggregated properly. 
.l 

his technique uses less numbcr ol'mobilc agcnts and so reduccs

the overalI energy consumption.

3.2 Limitations in Literature Sun'ev

We keenly study the research uork of researchcrs rclatcd to cncrgr ctllcictlc' llnd

found that there should be something neu and uniquc lionr cortrentiunal direct and

multihop routings. As published uork is either on nlultiliop routing or dircct routinu.

in few cases they might work tlne but not for most ol'thc cascs. lior large llct\\()rks

these techniques are not suitable as netr\ork liletinrc rrill hc nrirrinrizetl atrti rcsLtlt: itt

poor utilization of energv.

3.2.1 Limitations of Direct Routing

In case of large network size. if direct routing is selected as mode ol rotllins \\hich

means all nodes wilI send their data directly to Clustcr llead. Ihc tlodc at lcss dtstattcc

will have more than enough energl as compared t() tllc nodc ltt lllil\inlLllll tltstancc

tiom Cluster Head. thc most (listant node r'rill harc to illrcst rlrorc crierrl\ to scntl its

data to Cluster Head. So after sending verr small amotrnl ol data packets rt rr ill bc

dead which leads to small netuork lifetime. So using clircct rotrtir.tg in largc nctrrork

size is not ttasiblc.

l;T,r"rgtRi;;,1 tltl',;,1 .urt,t,,. n,t,, tt.'t.-,11, ^t;i--- 
- li
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3.2.2 Limitations of MultiHop Routing

If multihop is used for routing in a large nctuork crcn than short nct\\ork lilctinlc

$ill be the fate of \l'SN- hccausc elerr nodc scncls its dtlta llc\t to il. atl,-l llle tlr,,.lc

who received the data send its oun data as well as reeeivcd data to its itrltncdiatc node

towards cluster head. so it has to invcst the dotrblc ol'its cncrgr. Itl salrle case tlrc

nodes closcst to thc Cll rrill uct nrarinrLrur hLrrtlen [o he sctrt to ( llanrl lhcr bccottlc

dead in no time as they have to transmit huge nunrbcr ol data packcts rr hich srrallous

its maximum energl'.

3.2.3 Limitations of Adaptive lntra Clustcr Routing

Nodes are grouped into two groups in Adaptil'e Intra ('lustcr Routins.. Ihc uroup ol

nodes close to the cluster head is tcrmed as Closc l{cgion rr ill llrrar s cotrtttuuicatc ttt

cluster head using Direct routing and the nodes in 2"d group. shich arc lar ariai tiom

cluster head \\ill aluals comnrunical.c using \lultthop toutiug. l]\ tltis. tloJcs ttcal'tti

('losc Region bccunrc orcrloadcd and cslraustcd c.rllr atrtl euLr\e tl)e enll ()l rrel\\()rl'

lifetime. However few nodes remained with excessive energl w'ith them. so energl is

not fully utilized or managed properly. Above mentittned groupirtu took place in thc

very beginning of communication and remains constant till last So this solulion is

completely static in nature. besides the grouping ot nodes. routing in the groups rrill

remain constant as $cll. Solution is less scalahlc rls $cll: it .lrrcsn'1 har c ahilllr r''l

rtdding rrr rcl'l'lrr\ inr ltll\ n(\(lc ill rllnlil)lc

3.3 Problem Statement

After going through all of the above rescarcli *orks. lcri issucs and clcllcicncics alc

cxplorcd shich arc csscnlial to bc addrcsscd: I:llleicnt Ltse ol- ctte t'gr- lilitirne.

scalabilitl. nlanagclncnt and ttraitrtctrattcc ol' \\'ircless Scttsttr \ctrrtttks

Most important of all above is the ''Energl" issuc uhicli is thc eorc coltccrn as h;ts

direct influence on the net\r'ork lifetime. So an encrqr cllicicnt rotrtinu protocol is

mandatory as energy consumption is the focal issue in WSN.

I

Intra Cluster Rouring
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Atpresentt*o*uinroutingtechniquesarewidelyusedatcommercialler,el.direct

and multihop routinq. Normalll tbr small netuorks l)ircct rotltinq is Ltsctl anti

MultihoptbrlargetretrrorkstoUptinrunlcllcrg\e(|I-lsullrption'lJutthcrcoccurrcd

some problems in largc net$ork upou usirlB lllultih()ll ttttttit.ttl t.l l-ar m()sl llo.le\ sel'lil

data to its immediate ncighbor to$ards clustcr hcad. \o$ this ncighbor has to scrld its

own data as well as the data of previous nodes to next hop Bl this' nodes ncar to

cluster head have to send their own data as well as clata ol'nodes behind thct.u ttr

transmit tou,ards the clilster head l'he tcrm Nel\\ork lilctirnc ol lili ol a Ilcl\trrk is

defined as: Time front the start ofnctwork till the dr-ath ol-first node in a nctrrolk. So

in multihop closest nodes can't survive longer due to heavy load of transmit. Such

mishap can al'so occur in direct routing. Nodes at the borderline of network need more

energy to transmil. as energy is drrectll' proportional to distancc fo orercomc this

problem Hybrid Adaptive Inlra Clusler Ro lfug $as dcsigned. thal impror ccl thc

problem till some extend by reduction in energl consutnptiot.t. 1tl this prottlcol

dccision of making "closc rcgion" is takcr.r in thc slal't ur.)d the,' ictti.lrr.t constant till thc

network life ends. In the light of above mentioned issues a more scalable solution is

needed to resolve the energy issue in wireless scnsor nct\\olk and prolongs its

lifetime. Problem statcr.ncnt is quite clear in the figule 3-9'

ster R(rulitlp
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F igure 3-9 Problern Statcnrcut

3.4 Research Objcctives

There is a quite enough room to uork on

Routing Mechanism is necessarill' requircd

major objectiles lor the delelopment ol'our

are:

I-iIIrLtt ut'r Sut rtI

adaptirc routing. So a tllbrrd \daptirc

to tlll thc cristing gap in this llcld lhc

ncw II,hrid .ldulttirt l ruring'l (Lllniqut:

C

i
I

I
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o Should have support for large no ofnodes.

. Take the bencllts o1'both 6irecr and lVlultillop routrng.

o Should be better than traditional routing techniqucs.

o Should be energl cllicient.

o Increased Netuork Iilctime.

. Should have capacity of adding and removing nodes into clustcr.

.e

l,
C
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4. PROPOSED ROUTING MECHANISM

ENERGy Errlcmxr & Hvnruo Anlpuvr lxlR.c Clusren
RoUTING

This proposed routing solution is a complete in its nature for the above discussed

problem in WSN. As it covers every aspecl of present problcrns related to cncrgl

consumption. Now we will discuss the design features and proposcd technique.

4.1 Design Features

Our designed protocol "Energy Efficient & Hybrid Adaptire Intra Cluster Routing"

possesses following features.

o Should support large no ofnodes.

o To take the benefits of both Direct and MultiHop routing.

. Should be belter than traditional routing teclniqucs.

. Increased Nenrork lifetime.

o Should be energy efficient.

. Should have capacity ofadding and removing nodes into cluster.

4.2 Energy Efficient & Hybrid Adaptive Intra Clustcr Routing

Out of multiple domains for research in Wireless Sensor Netuork routing is ranked at

the top. As existence is a key point. if a nodc became dead hccausc ol' lou cnergr. it

has no more existence, its whole hardware / software is of no use unless tts batterl is

charged or replaced. So to make a node alive for a longer period of time is the most

critical issue and it can be solved by an appropriate routing protocol.

Main purpose of this research work is to increase the net\l'ork lifetirne of S'SN. which

is a major challenging issue. In this algorithm each node dccidcs during run time to

select the mode of routing depending upon its energy'level that uhen to route lhe data

using direct routing and when by multihop routing. Finally the energy consumption is

reduced which results in the extension in network lifetime also incrcase in number ol

packet sent in network.

.\

\

2g

:'
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There are three main phases in the whole process thal are:

l. Cluster Head selection

2. Cluster formation

3. Intra Cluster Routing (lnter Nodes Rouling)

We worked on the Intra Cluster Routing onl!. as is the scope ol ottr rrork. Iror llrst

two phases any energy aware technique can be exercised'

4.2.1 lntra Cluster Routing (Inter Nodes Routing)

with the help of RSSI value (Received Signal Strength tndicator.l distance ol each

node can be calculated. Value of RSSI is inversell proportional to thc distancc.

$eater the RSSI value smaller the distance or r icc r crsa.

Each node checks its energl lercl. then on ils enctgl lcrcl. iL *ill he rlccitlcd that

which routing technique is to be used? If the nodc has encrgl lc'"cl grcatcr tltan a

cerrain threshold, it will use Direit routing, in case o1'vice versa iVlulihop routing $ill

be best option.

In sta( all nodes have maximum energl,': ultimatel_,- I)irect routing \\ ill he adoptcd.

with each packet dend, energy consumes depending upon thc distancc. r\licr scrttltug

each packet energy level is checked. Nodes have po\'erlul dlnarnic transccr\crs.

which consumes energy according to the po\\'er b1 rl'hich data rs sendine Morc

distant nodes need more energy to send data to its parent node. uhich ma1' be the

cluster head. base station or an1'other node.

Direct routing has no issue of parent selection but in multihop it is a tough.iob. \\'e

have used..Shortest Path Selection" in our work. For this each nodc has to maintain

its neighbor table, by which the shortest path touards cluslcr hcad is calculatecl.

While routing when energy' level of an1 node reachcs t0 an cltcl. that ttoric $ ill sltrp

sending data and node will be considered as dead. At this time our algorithnr

calculates the tifetime ofnetwork. energ) consumed and nuntfrcr ol packets scnt to the

cluster head.

By implementation and simulation of our techniquc. it is calculatcd that orerall

network lifetime is increased, energy consumption ot each packct is dccrcascd and

number ofpackets sent in the netuork increascd rcmarkabll.

The flow diagram ofthe proposed idea is illustrated in Figure {-l.

iiiAn Energt Eficient & Hybrid Aduptile h ra L'luster Routrttg
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Do tv{riltfu4:
Routu,g,

If
Ener gr

=0

Figure.l- I. Flou Chan Decision to sclcct Rotrtrrrg ( l)ircct \ltrllihof J

4.2.2 Pseudo Code for Intra Cluster Routing

START

*****+***+*

Destination ID = D-ID

Destinatlon Address - DA

Source ID = S-ID

Parent ID: P-iD

No

:

tf Errgr
>= /)

Nodc rs DLqD

An Energt Efiicient & Hyhrd .'lelaptitc lnrru L luster Rttutrtt,l -lr

Stdl

Y-
Encrry

Cabulttton

Yes
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Cluster Head

Base Station

S ID" So-rr ri.
D-iD' Dl'

P-ID= Pa rent
" Data7 EnergY

// End or .nit'.a-izs-'.

: C.H

: B.;l

***********:l*rt*L,'+****+* ++* ***+ **

Initialization
i'dc re s s

Addres s

Levef

OI)

Get Sensed Tnf o

Data= Info
Select C. H

IE (Energy > x) THEN

Car I ll F.EC'l'--ra'.]'r'!ll(l

ELSE

Calf MULTIHOP-ROUT INC

DIRECT.ROUTING

Sense requi red I nfo

Data - In fo
N-TN : 

' 
II

WHILE \E erg!' -eve
Send Data to

END IdHILE

Broadcast "Node is deari"

MULTIHOP - ROUTING

D- LD

Sense requi red Tnf o

Data: Tnlo

CalcuIate P-ID for dat-a l). 1lr.'/o:)/

('lus lL r R()t,t illil t:
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D-ID = P-ID

WHILE (En-ergy Level I 0 )

Send Data to D-ID

END !.1HI LE

Broadcast "Node is dead..."

END

P n y 4t seel!911-i nj .\ I t' t' hLlt t t rrr

4.3 Step by Step Visual Explanation

The algorithm first calculates the energl' of each node. Ahcr that it checks il all nodes

have enough _energ)' to send the data using Direct routing ll' test is truc thc data rr ill

be sent by using Direct routing, as in the start every nodc uill have tull encrgl so

Direct routing will be adopted. \\rhole process is shou'n in thc Figure 4-l. l-igurc {-2

is showing it is the start, i.e. t0. every node is communicating directll to the base

station.

Cluster Head

Ficure.l-2. Situation at tinrc t-,

An Energt Eficient & Hybrid Adaptire lnlra Clusttr Routing
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l't ()1,,.\rl li,ltt ii1:' 7l<lunt'ttt

Aftersomeinter\,alaltimetlthen6dg5rrhicharcatthcltrtlQclistatlceliotrlclLrstcr

headrvillfaceshortagcofEnerg}.thcnthcl'tbrnrsa.-I-clrrl:ncrglllcgioll..andslan

MultiHop routing in l.o* Energl Region' shoun in Iigurc 1--1'

Figure 4-3: Situation at time t-l

ThereasontouseMultiHoproutingiSthatattimetlenergylel'elofthenodesofthe

"Low Energy Region" reduces to a specific thrcshold'

At time tz nodes which are at most distance liom Cluster }lcad (cxcluding the nodes

of .'Low Energy Region") also becomes the part ol thc Lorr l:ucrgv Region and thc

Low Energy Region will be expanded. Shown in Figure 4-4'

a ('luster
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Figure 4-4: Situation at time l'.

At time tn few nodes which are close to the cluster hcad $ill bc ncar to dic because ol'

the full load of ..Low Energy Region" on them. Likc in aborc lrgurc all toad ol l.ou

Energy Region is at node number 2 and 7 and thesc arc'actinI as a !iltc\\'a\ tor l'o\\

Energl.Region to Cluster llcad. So at this poinl of timc a ncrr closc rcgion $ill starl

forming from the nodes closcr t0 the Cluster Ilead. I igurc .l-5 shttrrs ittltttlter "l-orr

Energy Region".
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Extelr(led
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Fegion
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C

['igure J-5: Srlualion at tinre t-,,

By implementing this mechanism energy of nodes became more balanced Numher o1'

packets sent in the netuork is incrcascd. I}'clr norlc utilizcs rnarimLrr.rr cncrgr. shcre

as average energy consumption is decreased. Ilence nctuork lile incrcases.

Arrother Lo$. Erre,gY Reqi,)rr

An Energ" Eficient & Hrbrid -ldapti|e lntru CluuLr llottrtll i6
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5. SIMULATION DETAILS

In this chapter the implementation details ofour rescarch rrork has bccn discusscd.

5.1 Tiny OS

We have used TinyOS as working environment ltrr Wircless Sensor Nctu'ork'

TOSSIM simulator is available uith-l inlOS operating s\stcnr'

5.2 TOSSIM Simulator

A simulator is ..a device. instrument. or piecc of equipnrcnt dcsigncd to rcprtlducc tl.tc

essential features of something" [27]. It is recomurcudcd tl.rat bclbrc going to\\ards

real implementations one should go through thc stmulation proccss bccaLlsc in

simulation it is quite easy to check and track the errots and debug t)rc application. ln

case of WSN. the real mote is a costly hardware and is trtlt comtnonlr ai'ailablc ibr

research. only few research institutes have real ntotcs li)r rcsearcir llrtrrl. So tilc otllr'

option remained behind is simulation. There are manr sirtrulators ur ailable in thc

market for simulation of rvireless networks e.g. NS-2 [2tll' (iloN4oSim [29]' I-'mStar

[30],SensorSim[31].QualNet[32].OPNet[33]andSllNSt]|34]butl.i)SSt\4|4.5|

is selected due to its best features and easy 1o understand'

TOSSIM is a top ranked and don.rinant sinlulator lirr I inl()S. Sitilulation 01 r llct\\LrIk

with thousand plus no<]es can be easily handled by ]'osslNI. 1-OSSIll is olle ling a

best deal that code can be bumt in motes without an1 lunher modit-rcation alier

compiling it in ToSSIM. TOSSIM is quite easl and liiendll in usasc aud in

debugging ofcode as compared to other simulators

TOSSIM mainly focuses on simulation rather than sirntrlating real

simulators makes sonte assumptions and lbcuses ou sotnc spccial

the characteristics of TOSSIM are as follorvs.

u orlcl. lt like other

bchar iors. Soruc ol

An Energ,, ient & IIt 'e Inlre (-l \tcr Rol itlg
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5.2.1 Scalability

TOSSIM is able to handle netu'ork u'ith large ntlmbcr of nodcs. lhousancls ol'nodcs

in a network can be cnlertained. Individual motc has rcn strlall rcsottrccs. Stltttc

component memory model simplilies the state managsnle nl.

5.2.2 Completeness

Behavior of TinyOS is simulated b1 TOSSIM a[ r cn lou lcr cl. and capturcs

complete system behavior. 'fOSSINI bridges the gap hctuecn aluolithrtt: atrJ

implementation. h has instruntctttcd ncsC contpilcr. lt ha: cliplrbilitl to tlcplor Illc

tested code directly without requiring any change in applicatron.

5.2.3 Fidelity

Fidelit-v is to deal with accuracy. Reliabilitf is a maior concem in anv simttlator

which can be judged by its fidelit),. Bit-level simulation of''IOSSI\4 can caplttre thc

network at verl high fidclit). IOSSINT hclpcd rn dcbuggiI]g sr)nrc ol the linloS

network stack problems. w.hich were overlooked during the tcsl bed dcplo) nlcrtt.

5.2.4 Simulation Time

ln TOSSIM. simulation rimc is i Nlllz uhich is sanrc as CI'I.. clock ol nrica platlirrnt.

4 MHz is equal to 4 r 106 ticks/second. The codc in IOSSI\l tuns tr ilhttut atrr

preemption.

5.2.5 Flexibility

TOSSIM has a flexibilitl' of adding ncu models. Somc rcal rrorld modcls arc nol

provided in TOSSIM but by connecting some external tools rerlLrircd lirnctionalitr cln

be achieved and used lbr the perlcction oia gir cn sinrulation. ( (uucctins 1() .lu\ ()lhur

extemal tool couldn't allect its etticiencl.

Few extemal models are as follo$s:

5.2.5.1 Radio

Radio model is not a,'ailablc in TOSSIIVI. ,\ .iar a basctl tool nanred rs

"LossyBuildei". can bc uscd to generate the desired radio mo.lcj. l\ "l-ossr Iluildcr"

,4n Energt Effcient & H.vbrid .ldaptire Intru ('luster Routtt:r t9
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An input file will be given to l'oSSlM al run tinrc to add radio morlcl $ hilc

simulating the specific application. LosslIluildcr Itclp Lts to atlain char:rctcristics like

l}it corruptign. Delay and Propagation likc lcal u.llld. ( hatrccs ol loss ol caclt l.lltcl'ct

may vary tiom others as not dependcnt ou olltcr paekcts.

There are two main radio models $hich are norrnalll in usc. I.rcc Spacc \lodcl .rnd

Two Ra.v model. As uc are considering that thcre is hindrattcc in Lhc Iine o1 .i!llt ol'

each model so in our research work "!ree Space iVlodcl" is uscd.

5.2.5.2 l'ou cr i l'.ne rgl

To calculate the .encrgl consumption is not incltrdcJ in IOSSI\1. llul e nclgr

consumption parameter can be simpll, added lirr an) c()l'l.t p()llcll t rtscd. I he or ct'all

energ) consumption ofthat component can bc calculatcd alicr the situulatiotr b1 using

that parameter.

5.2.5.3 Building

TinyOS imptementation of an1 protocol is retluired lor it: strnullltioll hceattsc

fOSSIM directty builds liom the code. .'\pparcntl) rt is dilljclrlt t :'k to d() hul onc

can simplli run that code on real motes uith no changc.

5.2.5.4 Imperfections

Nothing is 100% in this world and TOSSINI also has some limitattons uith it..\s

discussed before TOSSIM run the simulation instantaneousl\ s() Il() prcetllpliott is

involved during the simulation. But in real motes thcrc can hc prccrnption hr ltttr'

intemrpt occulTence. so the simulation never stops clttc to none ol'anr intcrrtrpt

handling in TOSSIM.

5.2.5.5 Networking

4OKbit RFM networking stack is simulated

timing. encoding and acknorr Icdscmcnts.

5.2.5.6 Authoritv .

'fOSSIlvl. It also includcs \1,\('

Pertbrmance analysis ol'the algorithms can be done tlirough lOSSI\1. IJut thc rcsults

of respective simulation are not so much authoritatrrc.'lOSSl\1 can tclll'oLr hith data

.1n Lncr&r ElJiLietlt & Ilrhrtd l,lulurt lDttu ('lu.\tL) Rt)tti,tt: l0
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loss between two algorithms but like rcal mote thc data loss scunario cannot bc

perfect.

5.3 How to Compile an Application in 'l'OSSlNl

TOSSIM is basically a Linux based application. But can be used and contigurcd rn

Windows as uell. lor uindous a l.inur cmulator is ncedcd. \\ c harc Lrscd ( rgrrin.

which is a CLI bascd Linux cmulator likc "Putt1". lior siutulaliort lirst install thc

Cygwin then configure the Tinl'OS.

All versions df TOSSIM have capabilitl to compile anr piccc ol'eodc rrrittcn irt \cs('

language. Open the Cygwin shell. go to the application directorl. \\ ritc makc pc"

and press enter. lt will c<lrnpile the application and shorr crr()r's anLl rrarnings il'anr.

ln "make pc'', pc' is a plattbrm. used onll fbr sinrulalion. Othcr r alid platlirrrr: arc

mica. mica2 and. mitu2tktt. Ihese plattbrrrs harc tlil'lc'rcnt nanrcs ilr tiilll'rcnt

versions. like this "make pc" is for TinvOS l.r trut lirr linrOS 2.r -'nwka sim'- is

used.

-Dx

Figure 5-l; Compiling an Application

When compilation of the application is complete a new directory build will be created

in the folder directory of application, as shown in Figure 5-2. This directory contains

all the compiled files in it. All commands are clearly menrioned on the screenshor ol'

Cygwin shel[.
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,,r,.,r
' r r 1,r1i1,1.1,,. hdin.r!e ! ('U lxJd.rl r,i..rsh t,rhread r.rrscr-pc -(ltrII llslad

l)r./nr't). L E 11n l1- Ic -ln
r: i 

' 
i,.... rn i: e d rirrrnn Ithr.ead'

;: r 1,,,i; !,, ..,;!...
j:i,lijij lr,,t- . - iri ilr.'11

[.:i1 ,,iiii l,ai ,,: ir] i.liH
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-)'+.,-cfti

J L!r/rrlg..o
' )r<r-nnr,

. J*tBJrat

lirl

' il te l S Crlun

Figure 5-2: Directoq Structulc

lnside the build dir.ectory there are sub-directories according lo the platlbrms uc har c

compiled for. e.g. for simulation (make pc") there u'ill he a directorl' named '7("'

and for hardware (''muke mic'u") therc rr ill bc a clire clorr namcd as "r,?1.?/''

respectively. ln build there is a further morc subdircclon nanrccl as 7;t'. lhis 7rc

contains the compiled filc "muin.crc" tn it. *hich is an c:.ecutahlc eornprlcd lile.

Figure 5-3 shows all the contents of build and pc.

.:.:J' r)b

:t-l
i 4-,.*'"

)
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Figure 5-3: Directory Structure and main exe location

5.4 How to Run an APPlication

After compilation of an application now we need to run that compiled application To

mnaprecompiledapplication,openthcClguinshcllRcachLotllcdirectorlol'

application. which we need to run. This is the time ttl givc the command lirr

execution. But before running the application rac need to spccill the dcbug rariablcs

first. because it will enable atl the debug variahles which rcsults in a huge output

which is quite difficult to understand. First let me shoB' ]'ou the output \\ithoul

specif,ing debug variables.

Adaptive Intra (' luster

rl
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-- 

- Silttllttotl

Figure 5-4: Command to run thc application

Figure 5-5: Output ofrunning Application

This output is quite complex and difficult to undcrstand bul it \\ill be quite easl tir
understand the output. if we specify the debug modes belore running the application

See the next figures for debug command and output.
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Figure 5-6: Command for debug and to run the application

Here in this Figure 5-6 we only enabled the "led" r'ariable i.e. DtlG:led is enabled

This will only. show the status of LEDs on the nodes.

In 2nd command of running the application we have menlioned ''5" after a space. This

means that application is running for 5 nodes only. If rle write 20. then application

will run for 20 nodes.

x

-!n Energ, Eficienr & Hrhrkl .lddpli|e Intru ( lt5tet Routt)tr .ti

| :..,1. ,.: '.i:,,
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Figure 5-7: Output after speci!ing the debug variablcs

To save the output of screen on the screen in a file

$ build/pclmain.exe 10 > result txt

This command will save the results of output in the file namcd as rcsult.txt. Location

ofthis file is build/pc/result. txt

5.4.1 Help for TOSSIM

-h or -hetp shows the help page. Shown in Figure 5-ti
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x,

Figure 5-8. Screenshot of commands of Help

In the Figure 5-9 it shows all the possible options uc can use.

-gui: This option halts the execution until lhe GUI application is connected.

-a=<model>: Here specify the ADC models. Otrl of Nro modcls Generic and

Random. Generic is default.

-b=<sec>: Booting time ofnodes can be specified here.

-e=<file>: File for EEPROM. anonvmous file is used b1'default.

-l=<scale>: Runs the simulation at the rate according to real time. E.g. -l=i.0

means simulator runs the thrice of the real time.

-r-<model>:- To specifu the radio models. Default is "simple" having options simplc

lossy.

-rts<file>: A topology file can be given as input. |OSSI\I places the nodcs

according to this topolog) tile. B1'dclault is lossr nroclcl.

-s=<num>: From specified network, only those numbcrs of nod!'s will be bootcJ

which are mentioned here.

-t=<sec>: Run the simulation tbr specilic interr al o1'time .

num_nodes: Total number o[ nodes used in simulation.

5.4.2 DBG Modes

ln TOSSIM debugging environment can be provrded belbre the start o1'simulation.

DBC flags are set for each dehug statenrent in codc Ilclirrc rtrnnirrr lhe application

DBG modes should be specified else all the dbg modes u'ill be enatrled and we uill
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have to understand the huge number of statements rlhich uill be ven' complcr. lo

enable single specific mode:

. exPort DBG:led

to enable multiple modes in one go.

export DBc=led,usr l.usr2.adc.bo01

The known debug modes are mentioned in help comrnand.

Figure 5-9: Screenshot ofall modes of DBC

Let us see a little bit detail ofeach ofthe mode shown in Figure 5-9.

Default value: Enables all DBG messages

For Boot and StdControl modes

For Hardware clock

_. 
Tasks in Progress

Scheduler of TinyOS

For sensed readings of sensors

LEDs of Mote

For Cryptographic operations

For controlling routing

Active messages (Transmission and Re ception)

For Cyclic Redundancy Checks on acti\ e messaocs

Transmission and Reception of Packet

Encoding and Decoding of Packet

- 
For radio operations like bits and by tes

Simulultrn

all:

boot:

clock:

task:

sched:

sensor:

led:

crypto:

route:

am:

crc:

packet:

encode:

radio:

An Energt Effcient & Hvbrid Adaptive Inlra Cluster Routine i
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logger: For controlling of Non-volatile storage

adc: For Controlling Analog to Digital Converter

t2c:. I2C bus controlling

uart: For Serial Port configuration

prog: Reprogramming the Network

sounder: For controlling sounder available on sensor board

time: - Controlling of Timers

sim: TOSSIM Internals

queue: Event queue ofTOSSIM

simradio: Radio models of TOSSIM

hardware: Hardware abstractions of TOSSIM

simmem: Allocation and De-allocation of memorf in TOSSIM

usrl: For User mode I outPuts

usr2: For User mode 2 outPuts

usr3: For User mode 3 outPuts

temp: For User TemPorarl' Mode

DBG modes are basicalll thc flags that arc set in thc code and bcing manipulated at

run time. The code debugging is done b1-, using thcse dhg modes 'l'he user can define

his / her oun flags using four modes uhich arc usrl. rtsrl. usrl and tclllp. Othcr than

these four modes are known as sYstem modes.

5.5 TinyViz

TinyViz is a popular GUI tool for TOSSIM. As alread-v described that -gui optron

while running the application connects this tool with the application. l-o connect the

TinyViz we first give the command to the application u'ith -gui option.

build/pc/main.exe .gut 20

As shown in Figure 5- I 0.

An Energt Eficient & llvbrid .-lduptive Intru ClLtstet- Routittg .19
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Figure 5-t0: Application waiting for GUI tool to be connected

Then open a new Cygwin shell and apply this command:

java net.tinyos.sim.Tinl'Viz

f'ftilrlnyos-l.tlapps8link

. Figure 5-l l: Command to Run the TinyViz

This command will run a java based tool. TinyViz.

An Energt Eficient & Hybrid Adaptive Intra ClLtter RoutinR
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..l - ltrFi:

l

Figure 5-12: Screenshot of [DE of "l rny Viz

Figure 5-12 is the IDE of TinViz. There is a start button at the top toolbar. l-ipon

clicking that button simulation u'ill start and same button can be used to pause the

simulation. On/OlT button will quit the simulation. Sim I ime tells the simulation timc.

Delay is used for controlling the speed ofthe simulation. B1 dclault thcrc is no dclal .

_ _ ,mrvie

,i,.x!l

".'*
Figure -i-13: Scrccn Dunrp of-[ inr \ iz

a

tt
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5.6 nesc Language

"Network Embedded Systcms C'' abbreviated as ncsC is an extension of ('

programming language having syntax like c languagc. nesC is a conrponent-basetl.

event-driven programming language used to u,rite programs lirr the embedded dcYices

operated by the TinyOS. which are used for wireless sensor net\Yorks'

5.6.1 Basic Concepts Behind nesC

In nesC component based applicarions arc dereloped. thcsc applications can

have bidirectional interfaces. TinyOS uses nes(' programming language to

develop applications to run lor it.

To install the nesC compiler rr'e nced to havc its rpm plckauc'as rrcll ls nccci

c)'gwin to run Linux applications in riindo*s cnriromcut lirst instull the

cygwin then using this cygwin shell install rpm packagc of nesC compiler and

then configure it and set the class path.

For the communication of components uith others conlPonents ncsC has

rnrerfaces as porrs uith the comptlnents. Onll rhcsc intcrthecs are tht" sate\ar

tO intcract $ itl.r tl.rc col]tponcuts. riithout irttcllaccs c()lliporlcnts calll)()1 bc

accessed or used. lntertaces are bidirectional bccause c()lllponents m3\

provide or use these interfaces.

A component can bc an intert-acc pror Idcr or an illtcrlacc uscr. as kc1 uords

uses or provides are used to access the inrertaces. For communication erert

component must need an lnterl'ace to communicatc \\ith othcr comp()ncnts or

to access the other components.

* An interface must be implemented b)' the user component il it is once used. SLr

it is quite clear that interfaces makc complex interaclioll bet$ccn thc

comp6nents, for example after using the interface "Send' the Send.send

instance can't be called until and unless Scn,.l.sendDone instancc is

implemented.

Class path setting is of vital imponance in contiguration ol' Ires(- cornpiler in I inr ( )S

environment. For all applioations two lllcs lbr nesC programming lnusl bc crcate(l.

*

*

*

!
I

I

An Energ, EJJicierlt & H)brid -lLloptive httt-d ('luster Rottting 5l
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one for the 
-u'iring of interfaces called conliguration lilc and othcr for actual

implementation is called Module llle. Extension o1'ncs(' filc is r..

5.6.1.1 Configuration File

Components' connection or siring rrith each othcr is mcnlionctl in conliguration lilc

ln addition to wiring one component to anothcr. conligurations also nced to cxport

interfaces.

The code mentioned belou is taken liom lllink application rrrittcn in nes(. Ilos

components are bound together through their interfaces is quitc clear. lhis bounding

process is denoted by, an arrow ->. The componenl at left side olthe arrou uses thc

interface provided by the component at right side ol-the arrou.

configuraL r or. BlinkT:sk
)

imp i ement- a r- i r,.n {

components Main, Birnk,'askM, Sl nqie:'i -ner,

Main. Stdcontrol -> BlinkTaskM. Stdcontrol'
Mai n. StdCont rol -> -qi:.]o..1'rner';

BIinkTaskM. Timer -> Sr.qleTrme:;
BLlnkTaskY.l.cCs -> l..Cs'l ;

)

Here interface StdControl is used by Main componcnt uhich is pror ided b1

component BlinkTaskM. The configuration file starts thc block u ith its or.r n namc

enclosed by braces, as shown in code above.

5.6.1.2 Module File

There are two main files with same nzune like Blink'l'ask. but 2nd lile has an extra

Ietter M (Capital M) at the last of filename, i.e. Blinkl ask\'t. I his "ur flle with \4 is

the module file s'hich contains thc actual implcmentation o1'thc application. I crr lincs

of module file are as below:

module BlinkTaskl4 i

. provides i

interface Stdcontrol-,'

i'l
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In module file interfaces used or plovided are mcntioncd by thc kc1 rrord ttses attd

provides. As mentioned above Main component is using the StdControl interthces

provided bl component BlinkM. In module file this rvill be shoun as:

::,odu1e S linkt'

Provides

i

inter:lace

)

)

It shows that the component Blinkl-askM is providing the intertacc Std( onrol.

How to set the dbg flags in nesC code. For debugginu ue need k) set the I)B(i llags in

code and at iun time ue can easilv debLrs rhc application hv enahlirrg the specrtic

DBG mode.

dbq IDBC il-qlr2, : r at:1 :

The DBG flag t-tSR2 is set and gi'en a slring raluc .-Iimer li.cd". \o* ar ru,riu)c

uhen ue u'ilI enable this mode then this output uill bc shoul at scrccn.

we can get difl'erent vaiable values and c* easily manipulate then.r 1br complex

calculations using this facility.

5.7 Simulation Process of Proposed Solution

Here are the details of simulation of our proposed sol.tion. '[ir implement our

proposed idea we used 30 nodes in a clusrer,r.irh nude [Ds fiom 0 to ]9. N.de 0. ar

the top left comer is cl,ster Head. The proposed argorithm ol Hr hrid .,\dapti'e fnrr:r

cluster Routing runs between 29 member nodes ha'ing ll)s r-r9 ()t thc crusrer lhc
screenshot ofour simulalion is in the Fisure -5_14:
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,Jllerrt
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Figurc 5-l-1: Scrcr-n Shot of Simtllalio

5.8 Parameters for Simulation and Tests

We performed multiplc tcsts rnd cxperintcnts hv simLrlating rlil'lcrcLtt scenarios anil

using different parameters.

o All nodes are in grid la1-out.

o Distance amonu node to node is fixed. that is l() t'ec-t.

[ 'Lossy Builder " a Java applicarion. is used to set the di.stance purumeter f
o All nodes have same physical environment.

1'hree tests are stated belou,. Results are shown in ncrt chapter. kceping in rieu tl.rc

parameters described beloq .

5.8.1 Test No. I

Same energt'level ofeach node is considcred to check the enerur co.sumption ol.Lrr-

proposed alg6rithm that is 300 mJ. 'rhis simulation is onlr lbr l0 nodes. sanrc

algorithm can be checked with large number of nodes antl tlifierent phrsical
environment in I'uture. r.rhich is ntentionetl in litturc uork Sintrrlation tinrc r.
approximatell 20 minutes. In the rablc belo* contains thc Iisr of paramerers
considered for the simulation.

.<n a".,er EfrEe;,8 A.i;U.1aa4,x-t,,tzo iitlW ioirftli
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Iable 5 I Sinrrrlation Paramelcrs Tcst \o I

Parameters \'.r lu e

LevLrut TL-)prrlL)g,- G r-id

SirnulatiL-\n fime i. ir:rl

\laximum Energ. le' el

Distau c e UnLt

Cluster Sizr \,-rde;)

r, , lJ
t.:,

CIu;ter Head -{oJ e .

Broad cast ID

Gg,-rg'aphical -{rea rii,i i, F::r

5.8.2 Test No. 2

In this 2nd test we doubled the energl' level. lnrtial cnergr' lcvel ol each node is takcrr

600 mJ. Time consumed to simuiate the results is 40 minutes. Rest all the paramercrs

are kept constant. Table 5.2 shows the parameters of simulation considercd for this

test.

Table 5.2: Simulation Parameters - Test No. 2

Paramelers \'alue
La1'e-'ut Topol.rgl-

Simdatiou Time JC min

\laximr:m Ener+-lerel 50G mI

Distance Unit F:r:

Cluster Size Nodesl r l_'

Cluster Head

Broadcast ID

Geogaphicd -{rea Mt: Sq fter

5.8.3 Test No. 3

Table 5.3 contains the parameters considered for ncxt resr. Herc initial cnergr lerel ol'

each node taken is 900 mJ and simulation is run lbr I hour. ltcst all lhe paramelers are

kept constant.

a
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l able 5 L Srrnulation Paranrctcts - lcsl \o. l

Paramelers \-e lu e

|3.. (.'\u1 J,.'rp ol 1-'' q\ GrLJ

-cinrulati.''u Time _ itt l

\Ia-riurunr Ener;. ler el j,l. r;i.1

Di:tanc e t':li

C luster Stz e li",..ie.

Cluster Head \cde,l

Br"'''adc ast ID

Ge.rEraphical {rea

An Energr Ejficient & Hthrid,.ldulttc Intrd (-lurter I ) tr1.t i-
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6. RESULTS

Simulation mechanism. simulation assumptions and simulatiort rcsults has hcctl

discussed here and explained by graphs. Ihese rcsults shou thc elliciencl ol'

suggested solution and objectives ofrescarch are attaincd.

To simulate the proposcd solution uc uscd TOSSII\1 sinltrlator attd opcrating sl stcnt

is TinyOS. Results eue deeply obserred then compare thcnr wrtli tlre cxisting soluti()r'ls

and found it more result oriented in terms of energy' consumption. \\'e used i0 scnsor

nodes for the simulation of our proposed techniclue and evaluated it riith thc

Adaptive. Multihop and Single-hop routings. Multiple tcsts ha\ e bcen conducte d to

achieve the most farorable results. After that \\c c\aluated thc proposcd mechanisnt

with all three above stated techniques to demonstrate the elfectrveness of proposcd

algorithm using following performance metrics.

6.1 Parameters

We considered the follou'ing metrics of perlbrmance :

I . Number of Packets sent in the netu'ork

2. l'otal packets sent to thc ('lustdr Ilcad

3. Energy consumed by the network at a cenain tirnc tn

4. Energy left at a node after a ce(ain time tn

5. Network lifetime

Results of Simulation

In the first graph Figure 6-l Hrbrid Adaptire tcchnitlucs is conrpared rirlt othcr titrcu

techniques of Direct. Multihop and Adaptive routing. Resulting graph shous rhat our

proposed technique has capabilitl' of'sending cxlra packcts ol dara in nclrrork rhan

rest of three. In our proposed technique all nodes firsl send dara using l)irect method

until their energy level reaches to a ccrtain lcvcl. Alicr attaining that ce-rtain lcrcl ol'

energy each node u'ill start sending data using Multihop. This tcchnique in contrasr to

Adaptive. does not specif'r' the nodes in the starr that rhcsc spccilic nodcs uill aluars

use Direct routing and the others will always send data using Multihop. bur this

6.2

Adaptive lnra L'luster Routulg i()
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decision of selection ()f routing techniques is matle at runtinlc dcpctlding upon Ihe

energy level of the nodes.

As in the start all nodes send data by using Direct nlethod so nrtdes being cltlsc to

cluster head tgquire less energy to send data. but thcl' have to scnd the data of othcr

nodes as wcll nhen far ntost nodes rcach at a ecltuin cDcrgr lcrcl so Ihat's Lhe

reason the nOdes near to clustel head have not scnt trtaximull] data items as likc

Adaptive technique. Graph shows that in our proposed tcchniquc nodes ncar t() clusler

head have high rate of data sending bccause in start thc\ had lcss,.listancc to scnd dala

and no load of far nodes on them. Whereas the thr nodes tlrst send lcss amount ol data

but later on send more data h)'using l\4trhihop. So it is clear lrorrr graph thal thrrrtrgil

put of our suggcsted mcchanism is morc than thc thrcc othcr tc-chtlitlttes'

Packets Sent in Network

. Drrect

r Multihop

* Adaptive

Hybfld
Adaptive

1911 13 15 t7 19 27 23 25 27 29
Number of Nodes

llill
I

5

160

140

-120Eo
l loo
ar

ieoE

:60o
EI
E40
z

0
illrilll

13

gure 6- I : Packcls Scnt lD \rcl\\ork

Multiple tests have been made while considering dill'erent encrgl Ierels to get the

overall performance of the algorithms. Graph bclo* in lrigurc 6-2 slious a

comparison of average nunrber of packet sent in the nct*,rrk ol har itru cncrgl lcr tls

ot300,600,900 and I200. Graph clcatlr shous lhat packets \cllt t() thc cluster heati

are directly proportional to the energy level. But comparison \rilh other lechnlqLles il

is quite clear that our suggested techniquc has capacrtl' to sencl morc packets ol'data.

U
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Figure 6-2: Average Packel Sent in thc Net$or(

Figure 6-3 shows the level ol'encrgy leli at each node. lhis is tltc conlparison ttl all

the four routing techniques. At time tn afier the simulatton starts. this energl level rias

ohsen'ed.

Graph indicates that using proposed mechanism nodcs havc nlorc po\\er lefi sith

them than the others. [-'pon the decply anallsis it is noticcd that nodcs closc to tltc

Cluster Head have more energ)'. as at these nodes lcss cnergr is rcquired to scnd datlt

to cluster head. But the nodes lar liom cluster hcad harc lcss cncrt\ as thcr lrarc to

spent more energ) to send data packets. 81 the graph it is quitc clcar that

accumulatively "Hvbrid Adaptive Routing" consumes less enerur. So this nrechanism

leads to an energl'efficient routing lor \\'ireless Sensor \cnrorks.

,,ln Energt Elficiettt & llyhritl lcluptit,: lrttru( lustrr I tutitlr ()l
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Graph in Figure 6-4 indicated the total encrg\ consurnerl br the nocles a1 anr tinrc 1...

Hence from the graph it is depicted thirt our proptrscd mcchanisnr is morc cnerur

efficient as compared to other routing techniques i.c. {daptive. \'Iultihop and Dilect

routing.

Eenergy Consumed
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Figure 6-l: Energy Consumed ar lrme rn
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Graph in Figure 6-5 shows the total numbcr ol packcts scnt in the llct\\()rk.

Comparison shows that our proposed mccllalllsru "ll-r'hrid .'lduptire Rotrlirrrl' is

competent enough to send more packets tolr'ards the ( lUslcr Ilcad. ll rve slalicallr

compare alt the techniques then "Hybrid Adaptire rouling" scnt 350/o more packcls

towards CH than the "Direct routing". 427o more packcts than "\'ltrltihop routinS'and

l4-C6 more packers than "Adaptir,e routing". ll energl rcmaint'd rr ith nodcs is high srr

that nodes can send more data to$ards Clustcr l{ead. l-his is thc proolofour prtrposcd

solution that Hybrid Adaptive routing tcchniquc is morc cnclgl cllicient although

having same level energy as others.

fre#d
-t-Hc..-agEEHFI
l': : igEEr*ffreft€a

ffi
Ada pl.rveDrrect Multihop

Routing Protocols

itybfld Adaptrve

l'igure 6-5: Total no. ol Packet Senl tn thc \cluotk

Network lifetime of the Wireless Sensor Ncts ork is corc ohicctivc- of our rescarch

ellbrt and there is a promincnt gro\\ th in it b1 the pro;roscd Lcchniquc.

Lifetime of a network is a time tiom the start of network lill lhe dcath o1'tlrst nodc in

that network. Graph Figure 6-6 indicatcs thc craluation ()l nct\\ork lilctinrc rn all tlrc

techniques. Death ofnodes occurring is quitc dclalcd h1 Lrsinu 'Iltltritl .ldu1tire as

compared by using Direct. Multihop and Adaptire. So therc is a rcnrarkable incrcasc

in the network liletime. Ihis *as the core ob.iectir.e to start this rcscalch r.rork su thrs

is most major achievement of our proposed algorithr.r.r.
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Network Lifetime

I
Multihop'Direct Adaptive HybridAdaptive

RoutinB Algorithm

liL,ure b-6. \(lur,rl I rl'..tt t(

Experimcnt uas not sinqle in nutnhcr. btrt nrLrltiplc c\P.rirlents ltitr e hcett pcrlirrnlcd

by taking in. account of different simulation parametcrs. \\.e har c compared the

netuork lifctimc of netuork b1 considcling tiillircnt cnctsr lere js ir) [hc start ol

simulation. Results are shoun in Figurc 6-7. (iraph clearil shou: il'rrc tlottble thc

c-ncrg' lcr'el. dolhle rvill he thc diflcrence in nctlrrrk lilirirnt' hclrrecn "llrbriLi

Adaptrve routing" and othcr routing technrques l'roposcd tcchnitltrc is thc top rankcd

in achievins hicher liibtimc than thc olhcrs.
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Average Network Life Time
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Figure 6-7: Liletime ofNetttorl

Results produced b1 our technique sho\\s that rcquired otrjectir cs har c hcctt aclticr ctl

.ln EnergL Efficiert & Hrhrid.lttopti\c hltri Clt\t!t Rt)ltinl 6<
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7. CONCLUSIONS AND FUTURE WORK

7.1 Conclusions

This research work is a new technique tbr routing among the nodcs ofcluster. This is

fully adaptive. energl efficient. hybrid. scalablc. dlnamic. ctc. it enhauccs thc

scalability of WSN and prolongs the lifctirne of neluotk.

In our solution Direct routing is used along with the Multil{op rotlting at a time. A

node on the basis of its cunent energy level decides uhether [o use Direct routing or

MultiHop routing.'ihe adaptive nature ot the solution enables the node to choosc tlne

of these two routing strategies. The Hybrid Adaptivc routing algorithm sends morc

packets as compared to the arailablc threr' techniqLL!-s. So dccrcrscd thc orcrall

energy consumption and increased the network life.

7.2 Future Work

TOP is always vacant, it's very rare '*hen there bccomc au ctid iu research ol- atrl

field. unless some ne\\ or more attractive filed is not introduccd lhich grasp the

l'eatures of parent or child lield. I here are much tnore things to be r-rplored ir.r this

area. Like Data Communication is full-fledge challenge for researchers to make tliis

technology more efficient and trustworthy. Even the utilit) of proposed soluliou can

be explored in different dimensions that include:

7.2.1 Real Environmental Testing

We used TOSSIM simulalor which can't calculate the impact ol real cnvironmental

factors. This research can be tried on actual motes to get the doubl tiee and malure

results.

7.2.2 Efficient Inter Cluster routing

We have applied this research qork in intra cluster routing and sl.rou ing besl rcsults

but it can be tested for inter cluster routing as u'ell. uhich can harc tcrr morc issLrcs rn

commurucatlon.

.4n Energ. ElJicianr & Hlbril .l,lultitt lntra Clu.\ttr Rt)Ltti))!.
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7.2.3 More Effrcient Intra Cluster routing

This technique is showing best results for communication of data to the cluster head.

but this work can be extended to more generalized lcrcl o1'routiup.. i.c.. In casc o1'

Multihop routing what should be the best route for data commurtication. uhat nill bc

the more appropriate nexl hop.

7.2.4 lnfrastructure of Network

We assumed the nodes at a fix distance of l0 feet tiom each other and arc in specrlrc

direction as layout topology is Grid having same physical enrirotrmcnt. tsut this can

be checked on nodes at different distances and ar difterc,nt dirccti()ns. .\s in rcal lilc in

some case it may not be possible to place nodes at e\act distancc in ln ttneven area

7.2.5 SizeofNetwork

I

Currently u'e have tested the proposed lechniquc on

It can be tested o.n the number of nodes double

networks may require dense deplol'ment.

7.2.6 Security

a cluster ol'i0 scnsor noclcs onlr

or tliplc to it. bccausc rcal Iilc

Data security hazard. data can be sniffed at the intennediate notles during Nlultilrop

routing. There should a secure mechanism that data rcached iiom source to

destination without any theft.

An L,nergt EJJicienr & H)'hri.l .lLlupttr'! lntkt ( lustcr R()utt't! 6u
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