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to the network 's 
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Algorrrhn' rO-EWA)t'u 
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cluster head. The clustenng of the graph is
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sraph connectivity ano adiuststhe power
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1. lntroduction

Mobiie Ad-hoc Netu'ork (MANEI') is an autononlorLs u'treless ad hoc

nct\lork that contains tnobtle noOt'' *fti"ft initiate Llilnsmission \\ithout

considering irase stations L't i'ilt''"'"" tratrsmissron' the user reidios

cooDerate 1br creatrng n"o*"'* 
'*ntnevet- 

a radio is tunied on bt' thc

ur.,. th. radto is respotrsittt" fo' ft'tln*i'U, 
:.::::i,:]: 

t"^31[:l]::'i:

prcscn(c i,ild r(\ J"tennrrr.' tll'tl 
^n'::'i.:l],:", ,. ,,,,, ,.o.no.u on orlr..r

cr:rnrHr r'or rhe \trf,r\':rc "''::,'J',.11:,';r*;;r.,, . 1. rnd r,.ilirrr. lll
illtiilstructures tirat involvc di: lind sensor

Thc netrvorliinI ts suitable fbr inter-vehiotllar ltllrvoLks

nclltlriis Several challellge' "it"a 
tt' ncnvork proto't)ls arc 'lrcscxlted 

in

N{ANLTT f 3l -lhe protocols Ul"'iO "*' 
clistributed soltrtlons rlhenever tlte

centrtlizcd cotrtrol atlcl Ult 
^ttt*"O"Utts 

are absenl fhe"node nrobilitl

intlilenccs the soltltions '" 
* t"ttt*^t-\' aucl tlrtts' the tomtnunication

hcr\\'cer'r i*ter radios wirtle '';;";;t;;;* 
ntt'uo'k "'tt""t' 

slatic tlrrougliout

thc lrenvork liletirne Ihe ""0t"'""Ot"tt' 
is inesserrLral as cottlpared to

roLlting protocols *'t''ltt' "^n''tl""f 
tftt'upotng'u of thc nenvork [4] 'lhe

surplus o1'roLitillg protocols O"'*ttO 
"''*oiltiTs 

pcrlbrnt c'nllin tasks

tbr data transmission Thr:re ls a dllect relltiortshlp betrietlt the protocol

el-ltctivelttrss and the adt11irlist'*"" u"t"t qtlallt\ to trcck the topology

and itlctease the qtlantit-Y tu"*""""f'" "olttili*- 
or size of the netrvork is

incrersed. Bu[ the wire]ess n"tu*'*'-u" contiollcd with respect to thc

canacitv 
'fhc nocles present rn;hrs network ptodlrce ::::::: 

applicattotr

,arrt( . ncr\\ork co.tr()l nnd "t "* o'"t"..i'""i]lt 'llliJ" 
"li''llli.;network tlivisiotr' biindrvidth 

li:*'irri;"r' ;"' ,";';"i control for

constraints" and collision art

clesie.nlng larger level p'ott"ot' that invoh'e routing and executlllg

;;;ffi,' ;;,*:'' :::'::.:*:',5Lo,"-:'.lil u" ,,* conta,n any rrxecl

,,,I,i*":l:.'ll."i,:ili.';l;;:;;'inn 'n "'.,t' 
t)rrc or rret\\nrks prlscs thc

abjiitv to cotrtnunicate tt*n't""it t'lntt uslllg dlrect rltreless links and

nrultt-hop rotrring Thc *'^^il"'t to"'ted in several applications that

;;;; ;;'. tt" t'-ottt"r'"ra-to ti'l :*:U'l:,m, fti;,ll',"i.;.',1]i,11

:;li,lilH,TXl'll'"J,iJ ffi ii;:;:i-''o,,u'""'..t"rs rhe traditional

nrethods etrplol'ea ro' ton'"'ul'-Ie tn' g'' t"ltrttt" tfll?]]:: on controlling

transtnission po*'er aud tnt'i'Lt'"tt tumrng of t:'':: ":o:''-l:':::
net\ork. Tlre reductiOn o1 a,.,.rgl rrtilrz-atiorr is coutrolred by transrrlsslorl

i

;ffi
.{ { -ri:. 

'.*l



tt

power, Nilicli subsequelltly results ill effective ciatn transmlssion and

'o'"'",,','*-*":\y*i.:ilh:lm;xl:::"JYllilHl 2Nl0tivations

[29] ald ret]uires f-euer

rvireless links *a **1 *.',,]tr*,,n* ,n. 
"o,r,r',unlcatiorr 

between the nodes 
2,1 Literaturc survey 

.e towafds

Each node reacts likc l..;';;'il.r fbr r.uti.gthe- nlbrmatiorl fiom one 
.his section eraborates eight existing techniques tlt:-:-:::to*

nodc i() arori:ei ,n"'"r",-,*'r.co*es chaile.grn,g due".o "':llt: 
-[his section elaborates "ttnt 

t";;;-,nr"ffectrveclustering' 
,

toporogies nr"u*.u- *.-=i=*,.*a*aio1*de. a1d thus. the ror"rting ,s th" rooologl management t"t otL*.i*u" 
*o**r (9\ designed a method

i;.,fl:1;5:H:#j;},=;ilJs::f$,.; [:',:-,:*l[ ,..--i'il"]i:I,:":Hl,\]];)l]-:;:x;'il;"'oJ.".'':''11'l"l

!)rder..d l{oull'g o,""rr,,," I toRA). ittd Drn.rrtt Sottree Rottltttg ,"j 
"' 

Jctcrmilling tttt^upti'"t-'*n'lnlsslon 
po\\cr of nodes ustng a

.::r,*,.uq,ilJ:flfilu,i-'ti':iffi #l.ji:"..i,: f'*#*H"#,::Wil,.w
regardrng Qos paramelcrs ':1"'":.,;;::-";".. or. n,,r arvare of energy But, the method farled to co

,nl .or,,r",odes. Th,: oxlsrms rorrting steps are 
:;*;;;d; ;:il;"'"" 

- 
, .^^,;n^,.r a(

consunotio,,".n*.lX-"."""";,;;;';r-" 
co'siderecl 1i)r the shofiest path algorithrn , [10] desrgned ,. T"ll.":..:-o'V 

routing

H:J;-:lit ,:t;::';[:iii]ti:ii,:::'nl::^]lJ]'J':'"* ,,ril: !:ti:ili*'" :*i:;:tl*f***:"ffi[T*'Jl
initiatrng the cornnt*t'""t't]'n NIANET [7] 

1i\'lnother in a randonr 
otl']er node by consumtng "1ea[" ;: t;;t"; netuork' trsage ln this

.Ji::HJ';:J;H\?:}*J:["i'.:"li:,:;',,:'".".d:?]: il:ii]."il:i"::iq :;3j;',#"'ffi*::{:a:Iiii":'nsumes 
es'

rapidl_r. Mulriple,,."_i,r"rin* are required tbr a,--a. Lo int"..r.,ang",rata .r'.;;r" ;;; 'r,oitn"a 
ooru rr"*r"' reduces the average.communicatron

;tl;*il::*:h[xfl;m"*lll*q:T[:1":l ' 'Hlx'?ilii;]l"Jl';l "'l''l*'o'u"'o"o a rearning au'1oma'ia'based

reside outsicle u.. ,.",,*,,,io" range shoul<l ",,'..,,...t. 
rrrdirectly by *0","*,''.""*, -:.1". :l]} ilxl"*$".:J ff*l ::::

t:$,::i::Jl.l:lir_i:**:**t*:;1pl;.:',flH::i,il:: ;il:iliT: [{il1*1ii:,,:,i*:,:'}*',4i*ll'fi:T:,l
the orga.ization "l 

ilii;; ,n,o " 
ni",...r,.'^TT:.:l,fi,,J"liili [: :'i:[1Jl.,:"ffi:::l'1f Jffiil ;; ,,no .onuo'. and rhe second

'n"'"ti'n* 
the efllciencv of routing' Clustei'tng rs

reconfiguri*e "tt 
nua.. into srnall tt"'"" ""t1"'-"tg--io 'r''t "gio"nr it'"'*;' assigns a tn""'i't" "ttn',.ocie 

by adapting leamillg automata'

vici,ity- and tlre cluster liead. and 
'ttt "tutt"o,o'" 

tl"Lirmined trsing the +i::";';;;;;'*"'* O""Ottt*" to' toni'ott*g't":'l^"ttuot* topologv

same rule. 'r'n. .i.*, head is responsible tt 'utnu'u''* 
the cluster i"l**"' uenetits tnat'inv"oiu" '"'t"*u"' 

se)f-adaptive' and self-adiust

activities rhar ,rvohe handrine clusrer processes 
'r";;l;;; 

update, and .0","*, .""ir", ,"",1::, 
i,:i* 

r;oo"-oit nrnu"tn energv effictenc-v and

.*::'":':..,":il"'I.",.,;"5nrul*::::"1:'1lj:Lff;H[ il: '"T11'"'i'ii;"]i:;:lil;ij:]tped aro"'iingargori'Ihm named Posi'iion.

nodes rhe ordinan nodes trans,niL packers.''tr"-'"''*' head' ir Lhe ;''*";1;;; '":*t1""*l;:,;:'::,tTi|':::,:;.f'Iil.,1"':'i::
destinalion,''""i'""n..J"'ter'erse 

it''t."TT::.l,:.t,i]j;::'':il::t:t 
Hil.',:,':'J::"1"'#'il";; '*,.ev 

* maintain route recover' virtual

rhus. the cluster heads and the satesavs'":l"lt:::.,1,::.;;,".'-.,J."*,r- :::,.;;""-" 
";"J "bu.kup comtnuntcatiotr on. (

roure update or corltrot messages r*'. ,outi"g"i""J".'oa o 'i*"''itontr-"- ;;,";;""' -t t,tl-X.-;ru1!ilfr"o,ri-Ln*ot"u""n* 
data.

teducedanclsolvesscalabilityissr'resindensenetlvorks[8],,".i-"",i.,*-u*.ogiiJi.*in.,.,t'uu,o,'orrthrnisusedrvithPoR
.fhe rnain ot je.riue of this paper is tr'" init'at'on oi:tt*tt'ing algorithm ;;;; i;; tt;'ibuted^and randomrzed calculatio, without changrng the

usngahvb.d;i:ilffi;;ilin: 'i-:l*,.1il;,,.".:jf:ft1ffi lTilH:[tJf;*'*:::'!i!:T":"""^"" 
-perr'rmance

optimizationArgonthm(c-EwA)'1brpower::'::::.',;;;"ffi.;"Jr' '""';;;;;;;. i and Maliesh' Ps lilsl o:::*::o 
1

mana€emer'1 t';';'il;J;J"'*"::{ll:i$i:;"',1'illil *H;;1fl::S ;i;ll}if 4X1'lr:'iJ:iT} 
:il::

il::.::Jl,T:.'l:lJil.iltiH:i:::rh*llffil:iil: ffid:J,t**,rru1**r:i::$:1;*'"'J*::;l:
proposccl a-o*li""l*"r,rn,r]' rrur.a on the. nervll ciesigrred obiective algo'ithm utilizes diret

:.::.1::;.f-,1iil;"1 ,il'l**::i*i":iJl:.:'"i::'1i: Jo",11,::i 't'Sil;"ti'T:l'i,XT:J",.d a' energv.erncient secured routurg

clustersarc'"'t;;;aGabrielGrapbisn''it'""i"thecorrespondingp'otto]'nun'tdt*"lo'u',.i'"dLinkState'R-outingProtocol'for
.tu.t"r ,ttt.. tt.,. lbn.,.ution of Gabriel.graph.'";;;;, th. no..' uptluttt i."r,'0,,-,* securiw lor;;ffi;;; message witlrout depe,ding on the

andristsoutrr,,.n.orrrunodesandr,rnor"rtt".io.lr-n..,'r'.r*oadruststhe 
inira prir- E^tr' ""at''"r"tis 

multipoint relay nodes from one-hop

power transmissio,, 
t oonnccLi\rtv ano ao"lusLs u'e 

n.trnrro..',o r"r., ,r::;[:,1: ::X.:milil[T:ii:-:,t1ti:
The tnajor colltributions olthe paper are:

Designrnf ,,,d de'clopins all optim,ation arso,,rh,n. chronorogicar- 'Jil]:: i::[TiJ11];l;;;:;;;crion and nritilation methods tbr

:Tll );;:^hi[*i::'5:'Il *:l;:' ,:1,il*'I:',ff*,) il :l -"i:il:,l::]"]"lilli,l'".,",.0 
a pro"co'I, naned rns'i and Erergv

Supported Ad-hoc On-demanrl Distance Vector (TES-AODV) routtng

eff'ective way 
)1,r. contairring pararireters that protocol, lvhich used ,r.,r,. anarry and security lnanagement and the nodes

-Desrgnmg I rnoclrned obtectir e nl*i':1::l]^ll]l]]i':I:li;;' T:Y'-":::l ii ;'';';;;;-" and securitv varues rrrreshold varues

[::::J:il{.}'l*l';:,ltl'"1"}J]:1"'ffi1uuJ'Kf -^,*: :i:TJJ[:"iil:"il#;'';';]'"0* *""'"**e 
'lhreshord 

varres are

Theorganizatlonoftlrepaperi,.s..tion.t.*pt.i,,,theintroductlonselectedfor,o,.ingr:i."o,municatiolisbetweennodesaresecureddue
relared to MANET b-_v cor.rside.'g oor*, u,rl "r.rr], 

0,,r"*"r"r, t":::o.,,: to a message o,**, ",**in* 
tr'.,ut r'uiro' a specific idertrficatron lor each

3 deals rvith the svsteln rnodel and r"o,o" o'i,tt*' ut" 
"'"t"u 

t u*o energ,v levels 
'', 

*-t t*"'*ltti"n anc lhus' reduced the network lifetime'

for clustertng graphs. Results *o oi,.u,,ion, are erlllained in section ,. u;o. M, and =-''i';ii;;il;.iup"o 
u,,' algorlthtrr. named hierarchrcal

on,i,""t,on id..is rvith rhe conclu:;ion of the paper. K-means .,u*., i".**,",iiti"n, ""'"r' 
head selectron based MAC (KF-



tT

NtAC) routing pro'::",'o''":ll:,:ilil;"i:::::*l 
I ]':IJH:"iTJT:::

the cttenrrvdlress olooS Daratttt"-; ',; 
;""" Ltsing li-means clusrenng

to other lnitrallv the :':::::':":., 
";. "ut"*o'''"0 

and opti*rrz-ed Lrv

techlllqtle cnd tlteu 
-tltc'e 

luslt-].ittr,, 
n'," method shnrs marttnum dela1's'

anolt ittq optilntzed ltr t-1lr rlgtt

.i*i" 
"1,"t 

p""*tr excirange prolocols

2.2 Challenges

lii" Ji,i,l; : :,:';,:.' ;"",1i' X i ; ['i:: l]-,"1r*, :: *iil f [* *:
:"":;;i ; ; thtn J'"t"t'nttts thc ll) to rll sttnouttJ'tt'; troo'

alsorithm. the number "' 
t'-""' i*O' nt"o'"' hrgh in an undesirable

,r,-rn,ra, .vloblilN-Adaptive Clust. r rng .\igorithm rvas

-ln [1'11' a Distrib.ted 
X"".:il;;;J;"tlt'on 'l'' 

basis of suitabrlitl'

huitr rr ulrrrlr rretsitts ate 
1l]';,,.il:i;","s poor. r\.. r()nnance on quasr-

ru l\i r clusrer herct rrode ,;r;I;: 
ro,nore,,. ,.kl.

static ne1\vorks' *h*t.u:,":;:, 
;;;"* tnaOl algorrthm was designed'

-ln [151. a Fl-vbrid Cltrster Kouurrts 
l]l],*"^-?,,"r," fhr selecrrng a

*r'*' "oi' 
nuo' :"*:"1: l,:i::J::,T::lJ[::::']'l'* 'tvirhi. 

sa':ne

cluster head But tilis algoritrlm :"*': "l::.::;;,t;r. o1'cluster head

trlrnsurissiotl range and thr-rs' reduces the tunctionalitr ol clu

-Thi: existing rnettloas 

'""i 
""'o 

a single 
-mcrLic .lbr 

performing

clusteri*g and thus, ,r," .rr.u,"r.i,opnrog-v sl-,ows be.cr pertbmance rvith

a particular metric 'rhe ;*;; 
''"'"t 

*""ott to 
l:]:T 

t;",i;',fl;;: 
:::

*",i. t)('"'ot*tion of a srngle metric' rlld thus' t1 rs a t

dvnamic s-vstenr il6l devised usng a
",'' :i; ii;i t w"igLtta Cl.stering Algorithm ,twc 

)) ls

clusrering rechniq.,. o^r.o "" 
*.,*it. tl g"t u ,r.,gl" ]ltll 'u*t' 

tn wCA'

a node htrving mitrm.tum;;;';;""t; and tnobilrtl"is selected as a

cluster heltd lhts rrrocess ffi';;;;' "' :i*ll1::tn 
and delavs the

clusLer forlnatlolt ar'o' rl"i'ti'g it''t ttu""' ditncrrsion decreases the

,"i.,,.0r"tt rvirile dealing rvith huge netrvorks'

3. System model of MANET

;:,:l-J:l:;L:'::i*Ill.l [: ]:u*f; *iti*I,#ilu[ililfi
^ouer 

[o trrnsrnit drta u''o",*,."]irr.r',r-p.rlor*.a bv constructing a

.,','e, for eaclt node within the t'"::-.':r;;;;i,'otine 
cornmunicttion

'i,0i,., *' *i', ii " :: ::l 
j'1li 

: 
j::::'j }',:Hl'll 

*0i."j.",.0 

".,n'
$rrh an optitnal po$er levcr' "'" :'',- ---^..-. .^hsilmDtron. fhu5- tllc

H t;ffi "i connectivitv with less'"'"-"' :""'-l1l:::

""i1, 
n"",", maximum'"-:m;ffii"T: il: Jiil:HH#:

trartsmittrngdatafroiltsourcenuu'"O,rr"*i," lrnks used for the data

consrdered as an ilnpofiant 

"i;;r. 
;"; are used for deterrnrning the hnk

tra'srnrsslon handle the conn' rk topologres.

iliJ',,:';;: ;;"bilitv or nodes occurs due to \an ing rrct\\o

t'hus. rt is irnportant to b"tld ;;;;;i"""sidering power' connectivit-v' link

tittt,,r..,noitiq' and squared distatrce'

4. Proposed C-EWA algorithm using multi-obiective parameters

for secure routing

itr6

Grr;\

:N

.,r

I"igure I SYstem model of MANI:: I

Ihe MANE] svstem uroder 
'' 

o"o:::1 'll':::: ',,)i:lr'lri'Jt,T::'.:
the trausmissiou of data lrortr "" 'l:^":"j""^:"11,,',,u n11he nstwork

:::xli:],: |::::"[lJ::::li :'l:;.: -;";i' 
'l 
i = rL/ ' I/ ] 'n 

a

rvhere

MANEI, -. t.l<o(l.tunotes nortnal

IJ -\ttt.t/'".....,,."','l,iJ 1",., ",i** or norrnrl nodes cnd

nodc 5cr. *lrer.' ,/ dr'rroliS tlre 
:'"1: ,':^:",:".. ,r denores rhc ror.;rl"i":'i;,.,r" 

'''" v, I dcnotcs the link sct' shcr' t'dett'

nurnber oi lir, ks utta 
'o' "on"t"ti"i"t 

tt"" ""*' 1q ']]ll -11' 
' The multi-

;j ;,. r.un cti.n s.,' -.,:lX 
;*::[ffi ,[il i,iI ^:""i]J'r':lsqrrared dtslalrce- arc colrsrJ\'r ,...."r ,,., l,.Z Hcrc. rlte set

c \ollrc\'llodc lhal :cnds dCta o'lcXers t() trrL (orb' 
.. '. p,)

of chister head is representecl rs P.= ?l"lr': /r'{l rne cruster

;l:il ::'::[:,:T ::i1,il'['illl'l' J-"i'"'; " I naiuiauat no<res

4.1 Initialization

'rh e p ri rnar-v 
:1.:.': i:' :" Ti ;2' l': :,,T:J', li;x',,X':":.,",: ll:

graplr. rvhere eaclr nooe 
{]i.;0. ."r"*ing battery porver, connectivirv-"

ffi li, :"il';lX'.:l,X'"J:: ffi i;il';'fi ; rbr serectl,g trre optimar

cluster heads at trme d' U"t"lftt t"''uining battery porver'.connectivity

and link lil-etime are n*U '"t-t'*t* 
initr-aily' whereas nrobility and

squared dlstance are kePt mlntmum'

4.2 Solution cncoding

The solution encoding detertnitles the optirnal clustcr Ieads and is

".,,.*.0" 
* n*," 

1 Il ***:* * l:^i ::,:J:i:[: .llTit:

;:,Iff li.lr"?Hl'i"ll'I;' oi i'""' head nodes' among which trre

0,.u"..0 c-twn crong .:j:\,'.:1.":]:':",::::::1 *' fi:.,::i:Hl
dercrrnrncs 

L::j:,rr' 
clust''' "- - dimen:iorr tn b.

7.* t
t,

..&,

.?



Ifr

O = \p' P 2,' ", P n''''' p 
"'\ 

;1 < n 3'tt t 
.]-'::t; 

u''t oot""ut

i,,'., i,'..'o i ;i,i15. ." ::i*r,"x:f"llil ll,' ;:l:1,;;,]::"'' 
''

rnd matttnttnt lirrk lifttirne lntt

D1u 
" 

\ = Dr. * q + D. n q* \\ u, - P t'11' ;'/ 11 

" 
- p' l\< tL'

tu
ttt*, = \r, (7)

4.3 Formul:rtion of thc titness functiotl

r h e fi rn ess ru. cri o, i s .:lTi:l,'$ 
i"T'JJl Jl'li'i: ; I i''i': [:]l'Jtn?:

a solurror^cr. flrc fitrre5'.Lo'l:,:iI" i,,it i,ii,t,n.. r,,..rrcd dr.rrncc. rttd

tlrat i'trnlr' po\\cr' colrll!'itl\ 
-.;^-,r,. a rna\llr..rtlol'l ltlllctlol'l Jlld

rnohilitr llert tlte llttters 't ::l"i::',;r; l,atu. or rlrcss r. u>ed lor

rhu>. rhc 5shrlion \ r(lLlu)s ll,:,;r;;'i;;; The firni.. ,,l rhe nronosed c-
clusterrng to st'lect the optllnal

n,\rr,r 
^t 

h'i ' 'tndt 
I, t*n""et the nor rnalization factor'

tU,, 

,.rr.r.n,' cornectl\ 1n ly'" rcpresents link liietinre' -Bi denotes

mobilitv. and R,, reDrcsents the squared distancc.

-1.3.1 l'orrer ,rnnonant Dartln- (r lbr selecting thc

rlre noucr lql is corr:rderi0 ^i.l;.'li;;;,;;i;,'on-. ,r . no*., of nodes ts

oDlttnrl tl't'ter lr"rJ D-uc tl,-,.1n.',^, 
olrhe nod; i'l'd llllally bicornL's

dralred oIt. \\l'lrcll oegrdu.\ ',^, 
*",,,gn oo.rer,, ta,..,r lbr the eluitenilg

1 6q3d rrode I ldrrc. lh( llod' ha\ lllg "'*'l 
-:,..:^ ^".. 

-,. 
r.rorn rlrc node h

thus. the mitliuttm porver levcl 1br transmittrng packcts tion

for a1talnil1g min jttlrtrl tecetved porver is tbnnulaled as

\1 r

,l/, = 1I ,,,,,. ,r_ I rrr
L s=]

wirere, $ denotes grl'normal node''frcpr'sents toml nonnal

nodes. M,rr", indicates tlraxitnull por""'' M"t"' exl)resses tlre minimum

receiverl pou'er' an'1 M.* represents the received po\ler at g'l' norrtal

node.

4"3.2 Connectivit)' Ll links used for

i,i.-. ",;,.;i,.,,, 
in r,: : ",,,1i11.1,1,.i11.",,1,:1,;il-,:J: , 

"' "'
Irnkrttg trro 1166195 3rrd tll< c'

t/

,- I lr- tr. tLt,- r\L u I t,t/1.,,' ,

rvhere. K* d"no]"' 
"nnntttivit-v 

of gl' node' atiLl g represents total

connections

ii;1,ii:'h.",,T!i')'u1 ,, ur"o rbr connecting t\\,o nodes rbr transmitting the

inlbrmatiou The Iinks #;J";;;tl;trnifting rlr' messages in the

nerwork rhe breakage "i r'"i' '' 
tr'" 'lfl:l"f i]]l];l:.t11':ffii:: l]

MANEr due to dvtramtc 
ll?l iii'"]"'ii-,i- i';k'i't't"' ' rs computed using

advallce to avoid the netv

;;.;;;;g' rnodel rrtd is ruPresctrtcd r' 
- I

',, 
= +\r'. \

/ fr=t -l t+t

tlr

rvhere. l)u denotes energ-v dissipation of g"'node when the

nonnal no<le sends q b1'tes of data' then the ener:r dissipation of the

nornral node ts gtven br^

D(il,)= D, * c1 + D,,* q*\\u' - Pd ll;r/ ll '* - 
p''\\>n' 

1;s1

rrhere,] p,, l t.p'"'"nt' a set of neighbors at node h' B'inditut"t

relative mobiliry-- and it is given by'

-, - 1i,
tt -- / ,, ,*"r(i) 113)

uhere. Z represents the nutrber of times the node received hello

;.;; ;; i*" 
'int"'uol 

1, 7r t*p'""" relative mobilitv l{ere' the

relative mobilit! of a node ts deicribed usiug ilvo factors' mobiliR speed

and movement direction' consider /r(i) una d'(l)"R"ttnt tt-t'

mobilit-v speed. and movcnrent direction at an instant i is given by'

r-----;^
r. ( i ) = ur1- 

( i ) *' ; t" ${;1"'( i )Cos( 0" ( I ) -'' ( l)l 
{ I+)

,"rl.r.. /, (l) una d, (l) represent mobility characteristics of the

node $.

ili;ti,,tJil.t.,' tneasttred trsing Ihc links whiclr are Lrsed lor connecring

two nodes. by calculating the al""nt" t"t*ttn g'l' 
"ode 

and f?/h clt'ster

head and rt is given b-v' 
.l

R,, =l(u,"P,,)
I=1, 115)

;1.4 Algorithm of proposed C-E\YA for Clustering

t-isu.. S. Solution erlcoditlg lor selectiug optitrnl cluster head

,vhere' Dl denotes electronic energy' arid it rs lbrmr:lated as'

D, =D*+Dr' (8)

rvhere. Dr,. represents translnitter energY and D' indicates data

aggregation .n",g1', Do is the free space energy' Do denotes energ'v

parameter related to the power amplifier in the transmitter' and

ii;; - pr, ]l denotes the dista,ce between the nonnal node and the

'""l1lJll3r*, dissipated bv the receiver is lormulated as'

D(P') = D''-t Q

The updated energy after data transmission lor

grvcn bY.' ,' *,(u ) = D,(u r) - D(u r)

,"tr.r", D1(rt* ) represents energy of curent tlme of nonral node

ana D(4, ) represents the dissipated energy olthe normal node'

Similarly, the updated energ'v after data transmission for cluster head is

given bv,

D,u(P) = D'(Pt) - D(P") (11)

tnhere. Dt (p,, ) "ptt"nts 
energy of current time ol cluster head

node and D(p ,,) represenls the dissipated energy of the cluster head

node.

4.3.4 \lobiliq 
.tANET is drscovered individ.ually according

the rnobiliw lqlolnodes !n M")tl l'.::'i"-"1"11.',. ,nt.ted *hile the

to therr responsrbrlrties rrre 
^"d,: ::l:'l,i:: H:::::i''ili,'J novemettt or

,no\crnent of the node '''"\.-I'li,ill'lh,;;;;g;; nearbl rrodes rlre
tire trodt ts sltlrr l: it becotr

rnobilll\ l'actor is ref're5(lltelt ils'

a, = l-,Z.Br
lPn\x=t',,

(e)

the nomal node is

( 10)

(1 2)

n, Pz
ln

i"
P,,



'lhe proposed C-F-WA rs develoneci bv integrating thc chronologicai ldea

,.r,' FWA for rhc clttst rtnq. The pioposed C-f'\\ \ conslde15 pouer'

:ll;,,,:.I']'r:","'J'i',u" 
"""0="rttttne tlistrnce a: rltc paratneters 

.lor

::iHr;;,i. "ii,,oi 
tr'u"' rread lbr off'ert,g sectLritY ttr transmissrorl'

EWA tecllniqrru .a" t-1*'t'""nt-'tlrc beltcr luncttor' t llrtes on Jtfl'ercnt

benchmark problems and solvei ti'e 
'e"t"uo'ta 

probl'rn eflectively EWA

i;;il ;;Jil"t''i'r'" "tgo'itt"' 
irisl'rred riorn 'J':e.ii1'ruiiu-etion 

beha'ior

of earth\\'orms itr generatttrg tt'" otfiptlng tYl 
..,:."'::']"knorvn 

tbr

p,"',1,"e. u,a. o i t'.'""n '*ftm;::;:fl iil i,ll , ll.i.r':lTiJl#:
rlgoltthlns EWA cirn e\ecu1e z

lil;;;];,. lor pa'atret tu,,''pt'it"o" rttd prortdc' I balarrce between

diversillcation anc,t lnte's'r't"t'on 
-ihe 

local'optirna l-'roblem. rs solved by

adapting the Cauchl rnethod "ntl'to 
i'lrp'oue .tli' searchablliw' 

'fhe

i,,r*.i"-'"", .on.ept i' used ibr updatlng'he solutiotr based on the past

e!ents thar hacl occurred n,a ai ronorogiial concept ls used tbr anal-vsis

ourDose tirr detrnrng. t'"'ng oiia desciiomg the c\cnts occurred u'ith

i*,i* t",r',.i,*" H"""' tl.'t ii"o'on'ut'o',o-ichrontrlogical sonccpt into

'iilii';.;;; i,' lirlclrrrg llrc e lLr5tcr llcad ellectrvel\

'l'he steps involvcd in C-EWA are elaboraled in th' given steps'

l) Inittuli:ation

lnltiall-v. the proposed Cl-EWA initializes tlle solution space fbr

detcnnirringtheoptinralsolution'ThesolutionspacerrlproposedC-EWA
rs exPressed as.

Ilere. O indicates population size' I represents a random number

frorn r Cauchy distriburion uith Z = I'
IV) Tennination
il:'n;;;;; it;"tttirtued ttnril thc ontirnal cluster hcads are detected tbr

eflcctire topologr rnanagent"nt''it.'" iLgot"hln is tenlilrated a[ter reacitrng

the uraxitnum iteration i,ru* or rvherr no fittest solution is obtained'

t he pseudo code ofthe proposed C-EWA lbr selectlng optimal cluster

heid. t5 glven bclorv rn Table I

A = {A, A?_^..., An\

I

2

3

4

5

6

7

8

9

l0
l1

th
ulrerc. ,4,, tnJtc"t" o"' pupulJllorl ol'C-EWA

i I ) C a lu il ttti ott ctf' fi tness
-fhe fitness is conrputed 1br eachsolutiotl depending on multi-obiectrve

fitness paramelers. sLtch as polver' contlectivity' lirlli Ifetime' squared

Oo,ur"". and mobiljtv. The fitness of tlre solulion ls evaluated based on

equatlon ( 1 )

III) Upd(tte Posttittns trsing the Chronological concepr tn ELlA

tlere. the EWA is used to soive thc tneta-her:ristic problenrs tbr improvrng

the equatlons usiug a solutron update of EWA Thus' tlrt update solution of

EWA ts ftrnnulated using the equatton given bclow'

A,...(i + 1) = '4,.,,(l) + Q,'* '' ,r,
rvhere.li,-,,(l) represcnts current solution' 0, tltnott' a weight

vector and I indicates a randotn number gellcritted fiom Cauchy

distrrbutron
lhe chronologlcal concept is usecl to provide the brief description of

the algorlthm lbr generatrng 
"tl"ttiue 

solLitions Thc past events are used

;;; ;".i;i,r,, o,',i h",,.". the chronological concept rs rtsed itr the EWA

and the equatioll obtained is qiven as'

A, , (i) = A,.r(i - l) + Q, * l' (18)

where, 1,..,, (i - 1) rep'escnts previotls solutiorr

Subsrrtute equation (1 8) in equation (1 7)'

A,.,,(i +1) = 1,,,(i _ 1)+ Qr* L + Q' * L

A,.,(i+ l):1,, (i -1)+2(.Qt.* L't

: solution having maximum fitness as

end while

Retum the'best solution

Terminate

C 
,, ,.r,,

/ = ffi2X,,*,,,, 
\-_

C-EW]\ after

(16)

(le)

(20)

2t)
substinlting

(23)

I?

i

.rl3r :'.
!':

i1{...
Its:',
10

4.5 Gabriel GraPh

Cabriel graph [23] rs considered as a vertices' set xl the plane' ln which the

;i;;;;;tt;i'rtto nodes "*i'ti 
if other nodes do not coincide the edges

;:il#ffi';;"',"a* . e"}, 
'ode 

constructs the Gabriel graph i, the

cluster lor rnitigating the transr-nission power' The 
^Gabriel 

graph

;l**#' ";i;;;;i-.o'n'"tt'"'tv 
with less tia,smission of the packetand

ind thus. the cost ofenergy is reduced'

l'he node in eacll cluster tnn" " Gabriel graph fbr mitigating the

transmissiol'l power to u,'u'" tt.'" netrvork connJctivit'v with less control

n"ar.ai ,*nor,rsron and thus. the energy is mintrlized. Here, the hnks are

l;il,;iilil;,lJ,"i".4 g*pl' rnuiihe graph.is formed.bv co*srdering

,["n", ri-r i" place of larger 
'hnks for reduiing the transmission power o[-

nodes. Thts process removes *utt'ptt t'nt''^*hich result in a disconnected

"r""r,, 
.,rJ,rli, connectivity is arnined br Gabrrel graph ior each cluster.

il;;il it ."rtiJ.t.a u' / 
'punnt'' 

if I denotes the spanning ratio and

it is lonnulated as.

rr5)

chronological concept as.

, A,,(i+l)+1,,(i+l)
A, ,li - l\ = --- ,-

The solutior for. (l + 1)"r iteratron is gi\ell based on the
wl ere. C,r",,,,, indicates the length of the shortest path between t\Yo

nodes U, and 2,1,,.and Rr",r,, indi"uttt Euclidean's distance'

lhe Gabrrel graph is a planar graph' u'hich is.computed fol :-Tl
.turi., to i.au.."the transmission porver and thus' the energy spannx'lg

"."rfr'ft 
.""tii*"d Thus' the power colnputation for each graph is

fo,nouted and is lorrnulated as lollor'rs

u) Power conPutationfor toch Poth
The nower needed to send packets liom source to destination depends otr

t,;"'J'ffi.;;;;,h";; ;;J ihe path loss models For transmitting the

packet fiorn source node I to destination node Z at certain distance

-r? , the Power is given bY.

Thus. the update solution of proposed

equation (17) in eciuation (21) is given.by',

1... (i + 1) =
r,, tll i o, *L *jj1i)'79,. *L)

The llnai update solution is used to

(22)

update lhe Position of the

earthwonr. irased otr rvhich rhe suitable cluster heads rte deteflnined in the

netrvork.
,4. (l)' ,4, , (l - l)r 3(0, x t)

..1 (i. l)

r.a/-/

M r., = Rr.r'0r., (26)

rvhere, @ detrotes channel loss component'

5. Results and Discussion

TherestrltsobtarnedbytheproposedC-I]WAbasedtopolog-vmanagement
;;;;;;;;;J in this section The proposed (]-EWA is analvsed based ono

u n(-re.
(24)



the perlbnnance using fivc lrleastlres"

rnobility. througl,pttt and delav

5.1 lixPerinrental setuP

5.2 Evalultion mctrics

'lhe evaluatioti tretrics considered lor analyzing lhe pertbrmance of

c\rslrtg Jlld ptoposed tncrllods ltc describcti itr this s'' tun'

a) ThrotrghPt(

Thernarimurnrateinwhichatotaldatapacketlecei\cdperunittimeina
communicatioll chantlel is called throughput'

btConnecttvrry'

The lirtk bctlveen t\Yo uodes to send data packets lronl trne node to another

is called conriectivitY

c) Porver

O',. ro,u., rs defined as the data transmitted in MANiTT rvhen the nodes

use a limited Pori'er.

d) Dela-v

The deiaf is colnputedon the basis oinumber of notlts Il the number of

nodesir.creases,thenthecie]aylshigh'}{errce.thedelrr'pararnetershould

be less. The delav is conrputed lroln the time taken b\ application request

or infonnation to glve a response

e) Mohllrtv
-rhe mobiiiw is compfied based on the abilit'v of noeles to movc fieelv itr

MANE,T.

5,4 ContPlrative techniques

The comparative techniqttes tltilized lbr analyzing the perfbrmance of

proposed C-EWA arc Optirrlized Porver Control (Ol'C) [9]' Local Tree

based Reliable Topologv (L'IRT) t24l' and distribute'l i)o\\'er management

(DlsPow) [2s]

5.5 Comparrtivc analysis of the proposcd C-EWA

The analvsis ot the proposed C-EWA uith etistirrg OPC' LTRT' and

DISPOW is carried out using 50 and 100 nocies rvtth drfl'erent number of

roundsThefitnessfutrctionisusedlbrevaluatingthelrestC|usterHead
fot secure routing. lhe perlbrmance analysis is carried out using five

metrics^sttchaScoll]]Cctivil\.pou,er.mobility.throtlShput.arrddelayby
varying the rortnds

5.5. a) AnalYsis using 50 nodcs

The analysis in terms of power' collnectivity thriiLtghput' delal' and

mobility lor 50 nodes is illustrated in figure 3 FigLrre 3 a depicts the

anall,sis based on po$'er by varying rounds frorn 0 to -5t)

: rl! ltr ri 1ii't'1, .: t:. !rir'1r :l: 1li ' ilrtr'rill riiirl' l'' L);rl:'l:lll: 1'liL

t. 1').t :: t:i f it 11't t'\,)t ,il :l ri i)r'ir'"'l i I \1"1 111 i'l I 
""r

;\til, ..:l tt'1'l ":llr I 1r ! 
"'i 

l'" li' l:':i'' \tl ii itt''i ' 1 ''

.1,. t.i ,]t,1. ,.'r.r.: | . i : l ' '::t: 
-l: lr:il ir:!li::ir" ''l'1"::;l; rr":i:ltr'r

rri :,, r),: . . '' :i ','.'r 't :1 '. 1 ''" tt "' 1 
"':" 

:\'' :

Thc analysis rn tcnr1s ofdelay using 50 nodes is depicted in figure 3 b' For

the numter of rounds 30. the delav values computed by existing OPC'

I-TR1". and DISPOW and proposed C-EWA are 0'158' 0 145' 0 137' and

t) 131 respectivelY.
'Ihe analysis in terms ofthe connectivlty parameter is shown in tigure 3c

At l0'n round, tl'le connectivitv values measured by existing OPC' LTRT'

and DISPOW and proposed C-EWA are 7'710' 8099' 7'695' and 8'477

,.rp""tiu.ty. Similarly, for the number of rounds 50' the connectivity

,u1,,., .o,rprt"d by existing OPC' LTRT' and DISPOW and proposed C-

EWA are 3.139, 3.770,3'314' and 4'4'17'

The arralysis in tenrs of the mobilitv parameter is showx in figure 3d

Forl0rounds,themobililymeasuredbvexistingOPC'LTRT'and
DISPOW and proposed C-EWA are 0243' 0'216' 0'198' and 0172'

,.rpa.t,r"ly. Similarly, for the nutnber ofroutrcls 50' the mobility values

computed ty existing OPC' L'IRT' and DISPOW and proposed C-EWA

are 0.784. 0.167.0 750, and 0'729 respectively

The analysis in tenns of the throughput parameter is shown in figure 3e'

Forthenrrmberolrounds40'thethloughputvaluescomputedbyexisting
OPC, LTRT, and DISPOW and proposed C-EWA are O 6'13' 0 692' 0 692'

and0.713'Hence.theproposedC.EWAprovidessupenorperformanceas

compared to the existing methods ttt terms of porver' throughput' delay'

connectivitl and mobility for varying nuuber ofrounds'

rvhich tncludc \ronllectiviry. power'
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Figure 4 Analysis using 50 nodes in terms of a) Power b) Delay c)

Connectivity d) Mobility e) Throughput

5.5 b) r\nalYsis using 100 nodes

t.lgu,e + p,ese,t, the analysis in terms ol porver, Connectivily' thloughput,

deltay anct rnobiliry lor 100 nodes The analysis in terms of power lor a

uarying nurb", of rottnds ranging fiom 0 to 50 is depicted In figure '1a'

rortt.enumberofrottnds40.tlreporvervaltlesmeasuredbi,existingoPC.
L'fR'|. and DISPOW and proposed C-EWA is25'9431' 27.390J' 27 '3981'

28.671J. 1l ,l,lililrtr,|i,l1,\,: ltt':iii\'t ' ' '' tt" 'ti"::r:t'::"'

riir:r,irf ' ,:r tt,t\t.tr, t i 1 i) The analysis in terms of dela;' using 100 nodes is

depicted in figure 4.b. For the number ofrounds l0' the delay valtles

.o,rput.d by existing OPC. LTRT' and DISPOW and proposed C-EWA

are 0.089. O.OAOS. O.OZ+. antl 0 065 respectively' Sirnilarl-v' at 50'h round'

the dela-v values measttred by existing OPC' L'IRT' and DISPOW and

p.opor"d C-EWA are 0 328. 0'321' 0'315' and 0'305 respectivel-v The

analysis rn terms ofthe connectivit) parameter is shown in figure 4c' f-or

the,umb",ofrounds30.theconnectivrtyvaluescornputedbvexisting

Sirl*lation llar*tno1*i

lii: fr ttl;':ti f:l 1]; {t{'

Siutrrlatoi'
ir:r;

I ()0() . i trili) 5rl rn
Sirti;lalior ,treit

joio.r:ii n+tl';l r I i)t)
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D;rta flat* t'l':11)pt

l.ir:,. r; I'1t<iei
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OPC. LTIiT. and DISPOW and proposed C-EWA arc 6 442"7 399"1'315'

"rO 
i ,rt Similarll. at :10'r' round, the connectivit'\ ralues measured by

existing OPC- LTRT. and DISPOW and proposed U-EWA are 5 397'

6.086.6.660. and 6.'142 respeclivel-\' Tlre analysis in tcnrs of the rnobilitv

parameter is sholvn jn tigure 4d' For the number of roLrnds 40' the mobilitr'

values i:otrprtted bl eristirlg OPC' L'TR1-' and DISP(lr'anci proposeri C-

UwA are 0730.0.714. ()662' and 0636' respecrirclv The analysts tn

ieflus of tlle throughput paralreter ts shorvt] in figure 'lc At 30"' round' the

connecttvlt\'t'alues tneasured brv existing OPC' LIR l and DISPOW and

proposed C-llWA are O. '140. l\'172' 0 799' ancl 0 8C)6 respectively'

Similart1," fbr illc llumber olror'tnds 50' the throughpLrt values computed b'v

exrsting OPC. i-lR] - and DISPOW and proposeil C-EWA are 0 653'

il {)<.) :r hurr 1;rJ'r 7li

,)
,l/ :/'.',]., 1

:l:;:i)i I'l

-* 
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Figure 5 Anal.vsis using 100 nodes in terms of a) I']orver b) Delay c)

Connectiviq d) Mobilit-v e) Througltput

5.6 I)iscussion

The cotnparative analysis ol various techniqr"tes iLl tenns of porver'

mobilit-,-, throughput. de1a1. and connectivity is expliirned in this section

The maxitrttlr perlbrnrance 01- the existillg techniclues' such as OPC'

LTR-|, anci DISPOW and proposed C-EWA is dcprcted in ' ri r': ' b-v

comparing the pertbturance attained for 50 and lll0 nodes 'llhe table

illustratcs that the proposed C-EWA shows superior results than the

existing technrqttes. lhe proposed C-EWA teehnique attains a value

2l 960J. 0 129.0.713" 0 295. and 5 256 fbr power' nrobilit-v' throughput'

delay. and connectivitv. Hence" tlre proposed C 1-'WA method has

.o*i,ru,, porver. conllectivity. and throughput' and ttlinimum mobtlity'

delay and can bc utilized for dala transmission to transrrlit data liom one to

another node.

for urinimizing the transmission porver of the nodes and thereby'

rna[rtaining the power and energy in the MANET' The fitness hrnction is

.orpu,"a for finding the optilnal cluster heads on the basis of

connectivity, mobilify. link lifetime' porver' and distance The nodes

proriaing ,rr*i*u,, value for connectivity' porver' link lifetime and

rninimutr value fbr mobillty and distance' are selected as the clusterheads'

iirl',r. ,r" ,*r"t"d C-EWA is adapted lbr transmittlng the data etTectively

fromtheclusterheadstothedestillatlon.Tlreexperimentationwithtlre
proposed C-EWA is carried out with 50 and 100 nodes The proposed C-

EWA technique attalns a value 21 g6OJ' O129' 0 7 1 3' 0 295' and 5 256 for

remaintng batter-u por"e., rnobility' throughput' delay' an<i connectlvity ''

it i!rt. 
'1,1;111'. 

1r1 ]tr;l:L;i 'r;ii 'r: "i"r';.'ri ir:i ri\:'111:'tl"lt:: lllit \::!\\ :

Refcrences

t1l Bakar. A, Ismarl, R, Flmad' A'A'R' and Manan' J'L'' "

inruring Data Privacy and SccuriS- in MANET: Case in Emergency

Rescue Mission." ln Proceedings of the lnternational Conference on

Inlormation and Knowledge Management' vol 2426' July 2012'

t2l S. Samanta, S' Ray, S SenGupta' and M Naskar"'A novel

"igo,,tt,rrr 
for managing network configuration"' in Asian International

Mobrle Computing Conference' pp 04-07' 2006'

t3l K Kim' Y. Cai. and W' Tavanapo:rg' "shanlrg locatron

d.p"rd"nt experiences in manet." in Mobile Data Management' 7th

Intemational Conf-erence on' IEEE, pp 69-69' 2006

[4] J. Liu, D. Sacchetti. F sailhan' and V lssarny' "Group

*"nog",rant for mobile ad hoc networks: design' ilnplementation and

.*p.r*.n,," in Proceedings ofthe 6th international conference on Mobile

data management ACM' pp 192-199' 2005'

t5l AniketPramanik' BiplavChoudhury' Tameem S Choudhury3'

Wasi,nnrif. and .l Mehedi, "l)ecentralized Topology Management 0n

Mobile Ad hoc Nelrvorks"' Global Conference on C()mlnunlcation

'lechnologtes (GCCT)' April 2015

t6l Yu Wang. " Stud)' on Encrgv Conservrtion in MANEI"'

.loumal OlNetworks, Vol 5. No 6, June 2010'

t71 Nagarat M. Ltltimath, L Suresh' and ChandrakarltNarkodi'

"Ellicient power aware rnultipath routing protocol lor MANETs"'

lnlernational Conlereuce on Circuits' Contlols' Comnrr"rnications and

Computing (l4C)' October 2017'

t8l WojcrechBednarczyk, and PiotrGaiewski' "An Enhanced

ilgorithm fbr MANET Clustering Based on Weighted Parameters"'

Universal Journal of Communications and Netu'ork' vol l ' no 3' pp 88-

94. 201 3

t9l RashmiChaudhry.andShashrkalaTapaswi'"Optrmizedpower

Controlandefticientenergyconservatiollfbrtopologymanagemel-}tof
MANET u'ith an adaptive Gabriel graph"' Computers & Electrical

Engineering. March 201 8.

tl0l Xin Ming Zhang. Yue Zliang' Fan Yan' and. Athanasios V'

Vasilakos.',Intert-erence.basedTopologyControlAlgorithmforDelay-
constrained Mobile Ad hoc Networks"' IEEE Students' Conference on

Electrical. Electronics and Computer Science (SCE'ECS)' 201 6'

[1 1] ParisaRahmani. Hanrid Hai SeyyedJavadi' FlamrdrezaBakhshi'

an<LMehdi Hosseinzadeh. "TCLAB: A New Topology Control Protocol in

Cognitrve MANEIs Based on Learning Automata"' Journal of Network

and Systems Management. vol 26' no.2, pp 426462' April 2018'

t12l 'f. Santhi Sri, J Rajendra Prasad' and R Kiran Kumar' "SEE:

Syrrchronized Eflicient Energy Calculation 1br Topology Maintenance &

Porver Saving in Ad Hoc Networks", Arabian Joumal for Science and

Engineering, vol.43. no 8, pp 4353-4363, August 20I8'

t13l C. R Lin, M. Gerla. "Adaptive clustering fbr rnobrle wireless

nctruurkr." IEEE Jor'rrnal on Selected Areas in Communications' pp 1265-

1275.1991.

tl4l D. J. Barker. A' Ephremides' "The architectural organization of

a mobile radio netrvork vla a distributed algorithm"'IEEE Transactions on

Comtrunications. vol' COM-29. Nov 1 981 '

tl5l X. Niu. Z. Tao' G Wu"'Flybrid cluster routing: an efficient

roLrting protocol lor mobile ad hoc networks"' IEEE hlternational

Conlirence on Conrmunications, 2006

.,,1

til"""t
",1 ,u

,v---

-----,]
,", :..;1. . i' I

I

-,, ,,.1
NL

-/,!J l, ]

D

nunrbcr olnodes

N'letrics OPC DISPOW WTRT
Proposed

C-EWA

(J) 19.602 20.35',7 20.731) 21.960

ConnectivitY 3.319 3.452 4.529 5.256

MobilitY 0.784 0.'767 0.75i) o,'729

)clay 0.320 0.313 0.304 0.295

ThroughPut 0.653 0.665 0.699 0.713

6- Conclusion

Tlris paper illustrates a technique fbr power minitnized transmission using

topology management b1' proposing an algorithm' nrrned C-EWA' Here'

the clusrering of graphs is pcrlbrmed and the optirnal cluster heads are

selected uslng the proposecl C-EWA algorithln for dali! transuission Once

the optimal cluster heads are selected then the Gabrie! graph is constructed

t.. i.,,::t::::i:r- 
i

'. ."i.. l
''::l::.,, 

,',1, - -',-)



.3 ]*

,16r r y yu.',1, .'":,.1::*.,,1il1i:t"([l:'J;;l:'"ffi;,:.i
Iarse rnd dcn'e lnoblle xd

Coinmunications No 30" pp' 5-i6 2006'

IlTl M Chatterlee' S K Das" "WCA A rveighted clustenng

algorithm for nrobile td tto" n"tt"u'tt'"' Journal ofClustcr Computing' No

5.iP 1ql-20a :002

i, iin 
",., "in ". 

i I o 
Y 

r*'l 
;,1 i,:i:"Jj|""ff [l1 : l.ll';;'l *:' 

*"' ""''
Aclvanced Intruder }{andling o 

,red ro*t,g
x;l;;;;; ;, t;rgh' J anJ Sha.nir' S ' "Energv etlrrient sec

protocoi tbr MANEIs'" *""iJ" N*'*o'ks' vol'23 no't' pp'1001-1009'

2Aii
i20lSrrdhar- S'' Baskaran' R ' Anitha ll and Sankar- R' "Proficient and

Securecl Roittrug rrl lvlANtrf 
';J; 

"" 
Trust anil Energv Supported

AL)DV.' rn procecding-t "i 
f"*,ro'i""uf Jorlrnal Applied Mathematics &

in'ionrutio, Stiolces' vol i l no 3' pp 807-81?' 20i 7

121 lRao. M and Singii' N'' r'n't'gy gtf'ti*t QoS Ar lLretLerarchical KF-

MAC Routng Protocol rrl truttJi' Wi'"f"t' PersotrrLl Commurlications'

vol 101. no 2. PP 635-648" 201 8

ize w^"g c'c ::1": ::1.$ll"; i,-'"i;,,,iiji"-,1;l :iilil:::::

l;11j]]ll ^,lfil;:ff li-.,^'-;; u'";nspired Lomputation 'or 
t2

i;;! :I;:iil'l'o*o' 't't 
'A .ew statisticar approach to geographic

varlatiol'l anah'sis"'J S)'ste'T atic Zool' vol 18' no'3' pp 159-18' 1969'

1ial r,,,1',"r 
,^^"1:111 *;"mX'-: "rfi:)..-:[] ilJJ'ff,:

anclrelrairle tofrologv contro

ilir"f .r, Corntnun vol 8' no 12' pp 6050-3' 2009'

t25l PraclhanNL 'saadarvt t' 
iP"*t' control algonthrrrs tbr mobrle ad hoc

I",".rir.,: '1 
^0, 

Rcs. r o1.2. no j. pp I ua-206. 20 I I

[26] Raieev Kumar and Dil'; K;;;;' "Multr-oblectir' ircctional artificial

bee colonl'algorithm to energy xuare routing proto(r)l ln rvireless sensor

network." Wireless networks' 201 5'

i,ii u o"''*. l ''Ylli, %*:H:":' :l J::i, l.:i Ti::,:#ff ":::
atnend Porver"' lntenlatlol

Opltmrzatiotr'lechniques 
(ICF.EOT)- pp 2680 - 2684' -]016

r18l De\'lkaB. l)r' P N Sudha' "Literature Surver.'rn,Ootirnlzarion of

;;;J; ^;;"; 
No'*';11'-';*national roumal or'\dvanced Research

in Computer Science and pngin""'ing( I'IARCSSE)' Vol 5' No 8' August

21,11 5

r2et Devrka B. Dr,:.,:-Hi,:'T:,"-:il,:'Ti::\i*:i'"]:::iJ I
:"#:,;Hl'3iiT -i]";;; i;;^ER)' vor 1 3' No r r pp 1 333s-1 333e'

201 8


