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ABSTRACT 

l'vlnst of our ildlvities today ~HT 1'ied nn)tmd h;jng (lbl,.:.: to nwkc a uill or connecting to 
Ole internet s;vllh our ~y:!(\blk df"vice,;, huv,(~\\O;r to opt;rnaHy utili.x.;':; the n,;;t\vork and 

d,.,\~\.'",. t~i~ ~l .. ~,>{l,,/i :';'It;,,f':l,'t1' n"li(' 111" \lVO~r l1v" 11':nb'le '·'C:';;'·";.' ."",,,1,; tc, h," ,.,.,>"p;",.,.,,.l Sc··,·j·lv V" w< H,.' "' .. ".!~ .. , •. < p". ~ ........ ".~ ....... - " >.- ...... "A.W v., ' ".~ "v.·'-h . ~ t"" .. ~, w~l. ' .. , ." 

<' ..... , • 1 ' 11 ' " I 'I I' , 1 \ (:eVlct'S, 'l'ms 'v'-.;Ofl<, pn:.5cnls ::0< SH~TP1( ml(l dL;chvc agoflt;)rn 'N 11cn cons:;;rvc( IXttu:ry 
" .. " r . ",' ' . " ' pov-';ef D)! dynarnicady fcsponung tu r<.~;ll il Ie ,lct",/orK S~'f:n<'tnU~; 1;'-' HdJu~,t tranSl1;lt 

1">()'V"f' '!{GF-t (t):t' ,O'r"{){ l':'~:'''\ ;':1 jT,e'''';: 1·!'·O"·llP.l't,; F' :V'l"!';: <~hj·;.'ll' p,,,l j·'ri)'Tl <;i np"l" ·r,,\..·'''i
v ,>;·\ f,"("n I" .,.,.. " .. ,L X\..A <" < .. , .v, ..... ,>., ..• ~<> •. ,. ,.~ •.. Y' . ~~.,.t .. > ..••• , ..... ~,.,' ""::7""'" v·>'-·''"'' .,n .. 

th:;: mobile tf:nnind \vcr,~ u;;<:d to H1.Casure ::;ignal qlj~diiy to ddcrmin:;: the l'let'vvork 
conditions and Jdju:4 transrnit pov.;er ':lcC<.)l\lingJy·L:sts \NerC c:llTied out using 
<;';"1'1'1" o.,i l' ,vn In<'l,l'~l'' :l·",i "i~q '\i'':': ":'O'l"~ "ni'''':''··1'''''{ '''''l'th ·t· ;>iO~ ,.:.::.oH~\"Ji '::,' "il u,'J"1'! l'l~'l ,\ v"O>'l"i~I·'·(··l·!.'lc., ,.d.'.,""""" ,.(,.U ...... ,,, .... , ... , .. , '" ,,~.<" >'''' L'J.-"""'~'" ' I, ... ,,,,-.\,,.,.,,,,c·c··' ,,, ... ,>.,, .. ,,.~,, .(,.<... 

improvement \;,as rfc<:;rdcd f;,;,{ ,)p~ration rim<.:~ and h11JCry~('nergy saved. [(.li· the rnohik 
; "rs ..... (l .. )o·~.·l·~ ~~( :..~ .• -,~ -~-r:~.,.~o: .. (: ... <.~lcf')oI~~·L .. ~ ... ) 
,<;:: ,,, ,Ltc.l I,> ",'" :-,,:.:,.1"'\ ,.s.:" .'Co··' .is :':.j{, 

vB 
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l\,BHREVIATI(lNS 

(iSM 

40 Fuurth Ckncl'ation Nc(\york 

HIS 

\1S 1\'10bil0 station 

PDA 

L'()S 

IS! lnter syrnbol intert'en.'!l(.:e 

DP\J l)ynmnic pov,'er algcnithm 

HDD Hard drive disI.:. 

F(J: 

PM l'owerm,anagement 

DIX 

"v'OX 

FER 

S,ACCH 

}(,v 



CPU 

LCD 

Bit elTor rafe 

Finite st::Ht' machine 

STD 

(J\1SK Gamsian rnodulation shi h keying 

INT 

PL 

\1'1' Mobile terminal 

EeE 

SIR, 



C1L\PTER ()NE 

1.0 INTROIHJCTION 

1.1 Backgruund to Study 

experh':nced, 

, '" " '{' 1 f' j 'I ",. ll"pn".;;;-'';; ,., l"{H.,<;j.,-.,:, 'I,i "j""l 'Yln'''l ';" :'O':'I""I>"I':! ('nj'ln'l~: '''i')' 'I')",""l':, "l"'''' ""~i (WI' ':" ,:","~" V0j'k u'tl'lt>.,:' .,,'.t' ... .t . .,""'·.:; ~ .'-Jl: ....... ,~~ ... :" 0(. •• l:A , .... ,~..> ! ..... 0,.\,." {Ao {~.( "'r-"~'" vI- : .... , ....... {{~ . ....... ............. (..tl: ...... ~):\. 0,. ...... {:.".. "'1'\... ........ l. . .,/ 



'[. '.'.' I '; , . I i- " !" ! . 'IOU HaVe to H1t(T:rl:flenti',,: C li.U'2C 'lour GeViCe at <1 n:u'Ucu dfdxed I)Omt severa IV \Vlt'lln 
" '" .......;0' r . ...' 

needed $at;~,DH:;tI()n to the user, othenvisc dw ,wt\vork h; rendered useless, and abo due 

addHional benents, are without the added o\·"~rh:.';~ld OD the mnbik: terminal bartcry,wlfh 

prn.>,:'er conSUll1ption, Tbe tn:nd in kc.hrmiogicnl (kvdopment in th~;; a.rea of ndworking 

points to i'l future of tHltethered cornrrnmicatlon. The dream of ubiqnHous 

resources b()th for today and In th;-: future, emden! power rnanagernu";t l.d a mobik 

2. 



1.2 Stah:.~ment- of tilt' Problem. 

\ < , 1-- "I 'l l 1 1 1""'! ' (:-orn~)lmHlOnS, -,~')Ptlt It Slm.p )', Cd U a1' p ,lone;; 1:1 ve stoPP(\·\ oClng .lu~t tc cpIlorw~, 

Ke\.~plng tb;;~e products running on very small batteries for longer periods of time is a 

1.3 Scnpe of the Study 

Much \'.'o1'k hH\-'e been done in the mea ()f power comrol ~md pZi'vver n;anagemem in 

3 



dynarnicaily ~ldjustirlg the lranS1Tlit pOV./CL 

1.4 Objedive of the Study 

consumplion or cnergy savIng of a IDOhik tennlnal by extt.::nslvc computer simulation, 

mobile tcrrni1:d with the df0Ct of e:dsUng algorithm o.n (he battery·life of rnobiIe 

terminaL 

1.5 Contributions to Knowjcdg(~ 

This ;;vorkintnfducd a sirnple and rfF:ctive dynamic p,Jwer control algorithm that 

sho\ved remarkable power savmg ~li a mobik tern:inal by dynamically adjusting 

tral1srnit po\vcr as :3hown t)y ITsuHs obtaintd from cumputer :~hr:uhlLion, 

This \vork shov .. ed that "complex" is not i.1hvays "right" by showing that :u, algorithm 

4 



1.6 Structure of Thesis 



CIIAPl'ER T\V(} 

2.0 lJTEAHTGRE REVIE\V 

2.1 Radio CeH And \VRvePropagation, 

operators arc finding it di iTkuh to covcr all locations particularly in Nigeria, 

in radio netvvork obnnini~ candidate sites arc usun1!v divided into urban, suburban and .., w .... . 

Outdoor cdis can be 1hrthcr di'lssi(}ed Z;3 ma(;r<)~cdlu1aL rnicro-ceIlubr or plco--cdlubr 

(1) lVla(To-CeHs 

6 



kilonwtn:.s to 35 kn1, the dlstnnet; depending upnn the tYT(' of t<;rn-,ln nnd the 

(H) l\licro-Cdh 

(iii) Pico-Cdls 

coverage it \v! n usc mere v}\ver to {nrc:: a (:unncction viith the n,;;:::;n:::stmobik mast 

baSe :4aLiol). 

Because of this, it ,>,vill dm\v more po\ver from the battery and as :1 result shorten the 



2.2 Impairnwnts 'fo Radio 'fnmsmission 

Theprobkm \\'ith radio transmlssiDn is that it is in1PG~:::;ibll;; to control the trmbmission 

d·YllarnicaH y. 

terminal fDX from the base stuiol1 lK'eds to r (Hl'i ate H1<Jrc p<)\ver tkm Ii rnobik terminal 

redu.ce baUery consumption due to unne~;x:.ssary pov}cr t)elng ndiated when a rnobik 

on ',Fading Of Signal 

" t'i' 1 lar 0: "t:. [jJH. 

transnti.uing and receiving ,:I,nteDnas "yilen there is nu line-of"sIght 3() {11ftt Ix~fGre a 



the it 

rt:asnn for n1Orepow<.:r eon:wrnptiuD, 

" 1'aC10 channeb in use in a D0twork that use conlnlO11 

shard band\vidth, 

have otb:n,visc b(~cn loss due to intcd~;;rencc, the de'll:::;\.'. is most useful tu the user and 

to the network, 



(Iv) Diffraction Or Shadowing 

undergoes 

knov~rn as 

(v} _Reflections And l\Iuttipath 

Tb:: tn.lnslniHed radio w;:,ve ncarly llf:ver lT~iVds in one path to the receiving antenna, 

'""hich also means thai the transrnisslon of the siRna! ixtv;een DXltcnnas is never line-or-- - - - ~ 

sight (LOS). 

(vi) Building And Vehicle Pcnctnltion 

10 



orientation of the buildingvvith respect to the antenna <:)!'lcntatlon. 

rather that) a buildi.ng, 

(vii) Propagation Of A. Signal Over Vegetation (FoUagcLoss) And 

heights, 

cens. 

23 Ovcnricw Of Battery Tt'ehnolo~}v ),: b-~{ 

Thefcti,m.'). it is kft. un :;h,;; hands of <)thcr ~ciemific fklds to !jnd solutions v·:11e1'c 



are here prcscnt<.'.{L 

(iii) 

pb:.mcs. 



(v) 

204 Battery Power Optimization Tedmiques. 

( i ) Dynamit pnw(;t' managlc'l1H':l1t. 

Th0re have b0U1 S0wra! ctY<xh at uptirnlx.ing :~yskm battery especially mobile 

TheS0 dkms hnv0 increased ''''lih fhe irKrc,:;;:;ing dcrna,nd on mDbile devic0s to deliver 

"vor'L, I'" 'tl'''''o< ',,,''':: "',I";";()'o';':'f ":~"~:"nl! "'1,,1 n(';'\,:,'" '~-l:':-l:'{"C."l-"""t t"j nl"':l'n~;",'<" '{OJ':l,'j,:>,;,,\,, l;;i',~ [,';,1" (. r .... t ... ~~ .... L~ .. , ... -\.,-.:- ~~V .... ·'~.·l ... ~l~ ... u....lv..t,.~.v~~ ... w ... v.-.'.:) ...... ~{ .... ~{ ........ ..1~ .... } •. {.1.. ........ t(.), .......... : "'.t ..... ~,~.). 



(.' ,> \" , 1 -'. 1 " pet(Orn;ance com;trawts. i\ pO 1(;)' IS a co.ntnH procc(!ure n::;SCi.l on son1:':: O~}Servat1Ons 

( ' . . >! l ' ." '1 'k' . . 1" 1 onSloer a Cd lJ ar pnOl1l: lor mstaHce, \\'110-1 t ·;C US(T IS rna mg IJf reC('l.vmg a ca 1 Wit 1 

1·1 



In tht'; sarne vein, 

telephone has a digital vcry brge sC(tleinkgratirHl (,!tS!) compon(:nt, an analog radio-

Sirni1arly, main componems ofportabl.e cornputers arc \ItS! chips, HDD, nnd dbphy. 

It is often the cnse Jwt the UDD ~md th\3 display ;;lfe the most pov . .:er-bnngry 

observations and/or assUl:lpi.ions on tl1(; v.iorkload. control procedure is otkn 

of a shnpk policy, ubiquilously 

used thr laptops !Ina pahntops, is the til:l(~out policy, which shms down a componnn 

. 'J' .," 1 . "! -, -I' • comp(ment J'em:un3 l' 1e 11 1t nas ;iCt')l Kltf tur ~ :c tuncout tune, 

components is dynamically acbptd to iht'; ri;;quiwJ pcrlonnance leyd, in an dh)rt to 



stochnstir Qnd prcdictlvr nature, policic.i ,irc inlple:n,;;nk:d on prrdiction (if future 

under predictions; COlls<.xw,;;ntly, apolloy is likely to issue inure shutdown c<.n{:xnands 

and degrade per.h\n1i~lnCC, On the other h:.::.nd, Q policy Uln be conservative in pov,/rf 

Discontinuous transmissicm is :;;nothcr tt'(hniquc tlnt hns b,;(:n ernpbycd in system 

Discontinuou;~ tmnsmissi()l'.l (DTX) is ;;\ rndhod fi:}l' optirnizlng the cffickncy ot 

:.;virekss vokc (:ornmunicQtion'~ systems by momenUrrily p<)'Nering-duv .. Tl or nlUting a 

16 



The idea of dl~~comlnuous tran:'::mission 1S ba~;t.':(l on the Ltct that a person spe,~k" less 

silence, \vhich is due to the natun:: of digiLdlransrnisslon. Tn avoid thi~;, [t conHnn 

noise is generated trying (0 malch the Cb:U\ICkristics of bHckgrmmd. noise. 

Discontinuous tfw1slnissl0n when activ~ltcd H1 a fl'lot:ri!e device or syskrn have heen 

hac1,vo'rOU'l",,,l 
0.. h..~._I. _, ... 3. and cncrg~y 

transnU%l.on 

discontinuous re('(~ption the paging ch;;mncL used ~}y the base station to signal an 

to its ov,:n sul)-<:hannd, In 

IT!ohHe Uln go into :~J.cep n1 0(1(: , \vhen almost no IXmt~r IS used, thereby conserving 

(iv) Pwwer CnniwL 

PO'Ncr comn;[ n:il:rs to the ::;trn.kgleS or kchniques required to adiust tbe transmitted 

17 



control regulatf'::':_< the tr;;msmltted pO'Yvcr to achieve d::sir::d sign:ll stn'::'l1g.th. /';.ccording 

Rate (FER). Tbi:,; IS donc by comparitlg a n:<..~asur~d FEE v::due v,ith a FERtarget and 

using the diffi-.::Tence to regulate the S !Rt:u-get used by tbe E.1Sf po"'!,/er control rSklavos 

(vi) Step VVbe Pow!.'!:' Control AIgorit!ll11 

The bctse statl(m controls the pO'Ner output of the mobiL> th,rough the conc<:pt PO\VER 

CONTROL us dh:u;osed ah>ve. (;Slv1 stand,:n\i dciln::::s fiV1,? cLlsses of rnobile sfatiurls, 

control. N1casurcment rcports are sent in SIn"'!.; <'l'_<sociakd control channel. (SAeeD) 

about onccln 4$0 illS, 

3.8 



needs t() jump b(~t\ve(;n 1-",,,\) t'xtretl1(; POW(;[ levels du(; to stH.kkn D.nd sharp drop in 

signa.! quali t}'. 

The dynamic r'O'-\'(;f control algorithm h,:ing propos(;d In this \vorL is ;:111 outer loop 

po~ver dir~ctly to the required optimum tri'msl1~ltkd PO\VCf, unlike the step-\vlse pov·;er 

goes 1,.)\v(.'.1', user maybe. 

Some Related \Vork on POWt'l" controUmanagement. 

As \vireiess cornnlUni>:ations industry is grmvmg, US(;fS' demands tor new ellh~U1ced 

contributions and their drmvbnchs. 

<:"L l 
>.'H·.::_~av(}s and TGuHou (2007) tiLed their \\-'ork, Puwer ConsUluptlon in 

pp'h;,',"v,'or'k', 'l'·,,·,l"')l' '''ji-><; .i{, F)r';';l"ll'/.'-'r:~\· "j!"'" I' p i 11",,;\, ..,·tt>\"'ll";l' t'o .1"~ _."' 'A.;;;, ~J.' v" ~ ~. ,e'.>;, ,/.~:,', ,.~, ,,: d >.-, ""~!',' ' 

19 . 

Drrr>;id,~ solutions to the , 



i',mong rherno the rnost 'Ndl known is dl~'; voltage and frequency scaling tedmique, 

A. systern-levd appro:.::.ch fOl~uses on the pov,'cr cOHsurnpt:on of the CPUs, H10lJlGries, 

between quaLity and pOW"-T ('onsumption, Lh:p,;nding on the ;.lppLicmion f<:quiren1euts 

screen area unchanged, 

It could appl;32,f t1-l:1t they k~\(~ so! 'led all of the problems by tackling the three most 

20 



pow<:'1' loss conlribtHOL, D-S they cbin1cI.L but their :,<o)ution j~:; unly (l system l)ascd 

v ..... hich they havc been :31 bnt about, and this is the main r;JCUS of Ollr \vurk. 

th.rough Conlpuwtion OutsourcIng \vithin P<:rvi1~he SniJlt Spaces, explored the 

opportunity Perv;::slve Specs could provide as ;:'UpP)cHlcnld ('n(']'gy soun,,'cs. Thcy 

surrogate and receiving !hcn:sults Di'lCk, Theypropu;:;e <w approach by which thc 

r',u·t'''''l,n·''';'i,<.r d' '''{·;''';''··r: ;" l'"~'<'!''' .,; "':r'Yl"1'" .,<;L.;!" ':!')'" j'!"t"'!'l'(;<"I"'Co" 't1-1"'Y 1~1~:lk'i'« 'tj-l~'t di'<';"l'Ol'l \. ~;>,_.;.~_{ ...... {!:;;. :...-""'(,.( ... "' ..... L .• _)t..~ .... i~ ... -:s,. <.<. .... A._~. { ..... ,. ~\~~.,,~ .... _ ~ V !- .. ·v.~ ;"--::''''.,!. v ... V~ .. · ....... _A'>" ........... w ............ ::; ... 

minirm:1 progri,mnH:r energy mvarCllCSS. Additionally, they implc:ncnled a HIIl.tilue 

testing and expcrinlenting sxith the 



ro I ..",. 'I " ; . . ! . " ·1 power OJ t .10 ~;urr<)gate. Our i.kslgn :3nJ.\;(~:) ~l wnck CH. Of tn.1S prob,cfn by so!vlng tIt 



poliC1es conStln1<: Hl0re rOWeL 

. ,. ~ ., ' ,." l ' , . ! recerveo sIgn,,!! (if tne oase ~;tati{ln anG aOJuwng Ue lr';;l'lSm.H pov,:cr <lccormng y . 

. , '1 . ,< ' l ' '. . l l' 1 '1' 'l 'Y • 1 ot OC11' <llgennrn In terms ot energy savmg,s LUl(! re n,:'ldty [b tne (lata perloul('1ty n.tK 

data from bedy v:orn lkvices, they Hrst showed that the perfcH'mU)l(:e of dynamk: 

they sh{}\vcd (hat rnodilying tbe translnit power ,:it too long time :>cal~3s (xwund a 

rninute) ndw::es tk~ dTluKY of dynamic power centroL \\'hHe too short ,1 time~sealc 

. '1 ' h r f' • h' 1 . . j • , "d d typlcaly m t C 1t'W tens 0. se~:on(1S, a.t. "V, Ie 1 tl1(~ eorHrG! <llgontnrns SHotii' n: apt 

transmit pov,'er in order to ;=,lch;tve maximal. energy savings j,n body.\vorn sem:;or 



d~;;Yiees usedbr rnedlcal rnoniwring, 

Though our 'vvcrk employ dynamic pO'Ncr control. our ulgorltbIn is simple and our 

that takes into cunsicienuion the cver··changing nature 0 f the 1nobik n0t\vork 

prameters: signa! strength and signul qU<'llhy at e',>cry rneasun~Inent p<;riod. 

24 



CHAPTEll THREE, 

3,(} J\lATERL\LS A.NH j\iETHOD 

In this I..~haptcr thl..~ sirnubJlon n1o(k'.I is described, i~H' example \\'hat the sirnuhfion 

cnvironnwnt looks like and how some functions \\'orks, 

3.} Simubtion I\Jodd 

concept::; 'A't::n:: IHC0e:lkd ~tccord)ng to tb,;c OFNET de:~igH procedures, Th<.': OPNET 

(i) The Netwnd{ Project l\lodd: A networkmodd detlnes Ow overall %ope of a 

'I"~ , l "I '1-' J' I ' I !' ! ' , system. l. ne networ1< mOle SP:::Cl1CS tne nOl..leS m L le system, HS ',vel as t 1Clf P 1YSlCa1 

methods used to ~;pecity the intermll structure in term~; of functionnl dements and Ho'w 

!70tween thern. 



3.2 Steps 'rO'~vaHls Validating Experimental :Uypothesis 

increment) on the n';obik h:'Tlnirdbattcry, 

3.3 ExperiuH.'nt One 

3.3,1 Project Ndvvork Domain DesIgn, 

and 5ubnet-,vorks, Tb,i:~ is btC;;'lUSC tlw stnicfure and COlTlp!cxity of Q nd\vork mode! 



i'. .. l 

~.....~ ~ 
' .•.. 

........ :%.4, ........... , ····:~!II!!li:::::~ 

Figufe 3.1 Smr Topology. 

, '! ' , 'I"j' '1 !! J' l • • " tneir o;;vn ndv.:or!~ moaCl. 'us was fIt: alJr)YO;;lC"1 CnlPlo'y'eu mbus pro!cct >.vork. h. { 1 .. y ... .".. 

course of the slnruL:lJion. However "'vitll recent versions (Likc the OP1'··JE vT v 14 -;Jsed in 



nodes me used in the fl(t',\\)rk sdUl) throm/hout n,unc!v: (i) The base ~;Jation and (ii) the 
~... ~ ..... ' " . '. .. . . 

,nobile terminaL 

1, Total nei.\Nork c<)\'c-rnge area'" 10 10 Km. 
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3.3,2 Nod.t~ Domain Design Fnr Mohile T('rmiuaL 

~f'l," .'lr'<"~l"'v"j "'i!T:;'t"I<'r.~ <>f -:-t",~ 11'yk,~ "nr ;l');' llln<:" n'.':'" ~l" ,~f"!t,,,l 'a>''-''''',-'''''- j' ~o !'li,'"t ,,'i''-'l'I"),,]e ,"; J ,.\.-. ... ~C.~.S:i...<.. ~> ... \..,"" \.$0 ......... ... ~l ......... "-A- ... ~.7 A.· ... <. .• " •• •••• ~ ~ ..... -'- ... ••• ) > •. i. ... ......... ~ ... ~ ..... <-~ ...... ! ~> _ • ¥ ... U' _,,~ ~" 

Ii node fUGdd lS cnrnposed of a sents of conw;;ctcd blocks calkd nlOdules, Node 

provided to inlere:onm:ct moduks are; ]Jacket siremn5:, s!ntistfcal wires and logical 

signals fronl unemcduk to another 'Nhik kgkal associations simply identify a 

cornponent, and the dLplo,y \vhk:h experienceh::.s sho\vn consume large axnount of 

battery energy. 

20 



(j) ,The mobile krnlinal tnmsH)itl:;;r: \vbich is n1so a standard modul.e and 

rnodu!es in this ckdgn ~'ln: described bdnv" 

subs;;:qutnt exv~rinlents to cstal)lishOwt thc-rc 1S a comruunll..::ation between tht. mobik 

station., 

30 



course of transrnis~~ioIL It aLo ensure~; thr;-t the rw.hil.c lerrninal tra.nsrnits at this vdue 

to the bas..:; sWJion, 

(iii} TlwMnbHe tcnninaI transmHkr. 

This stalldard OPNc(moduie \-vas used in lhe rnode! io hell> in tri.Ubnlitting tlK~ packet::; 

trorn themohi!e wnnin<tl to {he base station, The modubtion scherne ,:;n';ployed 1S 

CHdSK 

3.3.3 Process modclU.ng fnr mobile h,'nuluaL 

Processor llx)(iuh;s ~lj'e USt'!' pr()grmr:nnblc dernz::nls that nre key component::; of 

(FS!v1) and e:>uended high-kvd. language, The FSfvL run on Sft::;. ofprograrnming (odes 

combination of C++ codcs and indigenous OPNET cudcs f(\1'l,lS the PROTO,C codes. 

specit1caHy denned to support devdopment~; of protocols and algorithms. PROTO-C 

31 



either he conditioiwl (ir unc(;nci.itiol"luL 

3.3.4 Brief DCM:ri.ptlnn or PROTO-C Language, 

general C/C++ 

values rnav be used in an d,,:;cLions and actirJns impk'nwntcd hv a l)foc.ess . 
./ • N 

HctIons assochtcd with the proces~; emtTing or leaving fh:1t state, 1 hese 

i.nclude 

creating or r~'Cd\'Hlg 
, . 

messages, tlpGattng the contents of and sending 



<:xrcutives, v/Lieh an: impknenfed 

I ", " , -, - l'" 1 I 1 'l t'l rmK ells; ot tDe nH)nW;~ termma in ~':.:.Pt'fT:Tl';;nt one, (lJ'lCt :lot) lit': IDOl/W: 

--, ,,, 1 1 1 ., -, , " d' I" l . ! C C00.C'~ h;-r 0;;1,:'1 n",)(u e C,)fl be Ioun"l Lrl HIe hppCW IX. ::.ac) mmiu r 

33.5 l\ilohik tenninal process modd 

conditional and w}cnl:ditionai transItions :is shown in Figure 3,), Tbe process 

initiated i'md regh:kn:d in this st.lte, It is t01tmved by an unconditiomd 

conditional tmnsitions when: <:ondiUons f()f transition are stated in the 

u.Hcomlitional tran.:=;jt!un. 

33 



,',. '1 I 'jl'( 1 i" 'J 1 "'! ' mobue :,t.Trrr;na, t'10 sarnc >,\') ;, Ot; (!c>ne ,lor tnc Se(~OllC1 an-- ,,:'lst nOGe Ul t,ll{,: prOject 

(1) Base stmion rl3>:c1Vel: 

{i) Base,station rctdvcr 

rec!~ive signal from the IYlobi1e ienninal mKI 6:3tab!ish H com,;nuTll(;ixtion link, as v,a.:-; 



3.4.1 Projed Nehvork Domain Design. 

s::une 'vvith paran';ckrs Sft as those of experin';cnt one,fbis is to l.Je able to make fair 

rH::t"v,:ork domain 1(x expcri.meHt tWl), 
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.' 1 1 ' sW.t1on nec e W .. 'slgn. 



and un(ondition~~l transitions <'is sho\vn in Figur:.:: 3,10 bdo\\,. 

33 . 



.............................................................................. 

and two us alu:;:.:;dy mentioned ';;,lrLicr \Vitl.l all Virmneters been the same, R_eferem:.e can 

rnobik tenninal receiver a'~ :<hown in the FigUT''-; 3,11 

STDs as in the (l:;;:.-;ignkH' exptrirnent tvv'O, V/bich are linked by bmh conditional und 

39 



intorrnation back to themohik statinn :<'l:,l \)("t L, ':l";~ <;<"'l'j{!"rd <",:"11"" n'!n··1"l tfli > ..,s. .•. '. t .. 1.. ",........ ".I~V~ ... •. j"A) ... ' .~.J .. lo.. t {A. ...... ~ ... ~..., • . :- o ....... 

moduhtinn SCk:rrl0 crnp!oyed \i,fas GlvISK, 

packet waif state v:hich st:rves HS a buffer .F\r p~lCkets he fort: they ure transited to the 

4D 



.. ~¥hxin1Uln battery (apaclty IS u,kcn {is 700mAlL a typical value tlYf Nokia 

3,7 Drsign 

power . 

.. 

4:1 



.. PI., ,co INT(--P1I//2 

The purpost of the ouh;::r loop (BER me;;\sm,;;rnent update) in Table :3. 1i:3 t<) serve the 

inner loop with dynan,ic qdcs v(llue that ctwng:.;:,':-; automatically. Tbe llK:asuremtnt 

systern. 

Qd.esldtqu} 0 10 .. )() 
~V 30 40 50 60 70 

Rxqual 0 
,,~ 

3 .:I 5 6 -"1 
A '" .' 

("' '11 m"' 23 19 17 15 ", 1 t 8 :1-' , .~ .. ! .' ) j , .~ 

Tabk 3.2 BEl{ Mrasurtmrnt update. tabk 

BERc;{) ".:." O~21 ~ OA1-- O.glv 1.61 ~ 0.321-- 6Al~ 

>12.8 
(L2 OA (l !) 1,6 "< '1 6.4 }2,8 , 

.. ~, t~ ./. ~ .... 

Rxqual 0 1 2 ~~ 4 (; t; 
--' '-' 

C!rrDhl n 19 17 is 1:\ 1 1 8 

... . ~. 
J:.~L. 



Figure 3.12 is a '~hnpk n()V, chari ufthr: ulgorithnl, 

p;~=~:~:;;~~:~: re~] 

.... 
...... 

<". 

I 
l.. -'-, 

"', 

"'. . .... .... , ./ .. 

Figure 3.1.2 Flo\vchart of algorithm 
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CHAPTER F{)OH 

4.0 RESULTS .AND OISCt!SSlON 

4.1 Expf'duwut one 







4.3 Expcrilncnt three 
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4.4 Comparison of result front experiments hvo and three 

STEP-~~~V!S£ ALGORHHA4 



DYNAN'IfC AlGORHHfv1 

Sl 



us to see '<VILls happen;) at contlrH10U;;; peaK PC)\VU tnlt1srnissiorl, It also t:nables us VJ 

that the huttery pO\\'et of the mobile krrninal was completely depleted after about 23 

.52 



maintained throughout the expenmen" Ttl;' wa, lered throughout bWJuse at 2w or 

til< battery power jj" a mobile krminal lr"u,,,,itt,ng t{) " b""e station in good nt1work 

power was used up li1 transmission, Remaining 58w of bAtery power at the end of J 

moderate network rondi,km, with dynamic power cnutrol algoritlun being used, 

According tn the b'faph, transmissiun slarted at peak power of 8w (39Db) and was 

immedi31cly stepped down to 2'1', Ilowev", transmit power was slepped up to 6w due 

rapidly changing network condition after a kw minntes of <1'al\,11115S'0I1, and 

transmission continud a' this valne for nbcut 5 mmutes, Thereafter it was stepped 

down '0 4w and transmission continud "t 4w lor the remaining part oUhe experiment, 

53 



l~'rminal rtquin:d maxjmurn pov,cr to c!.mneC{ to the b~l:se ~.;tatiDn, Therd0re battery 

4.5.5 



base sf<ltion. 

4.5.8 Comparison {if n:~uhs 



algorithm stepped down power '0 2w directlY tronl 8w. stepwise n\gr,rittUtl stepped 

the stepwise a\gnrithm. the "une mnount of "attery power was used 33 minutes when 

, .j , ' ;' f' -' t" . 'd 
C

,I',n,""'''''' ,1! '.:'1";; '''''''v;'~r l'~Vr'" .,)" "> n'l'l"-ut<>" ">1":")"". t'·"·"",,,,,: ,··,')\V"" ':d1
C

' "'-j>' ':;ti'n')"~i' l '.',,\ lr~ v,,,_'b

U

"">' <." L< ,'v 1-".1 > ...... ,,-,. v., ." ~ ,. ,,' , .. , .,.,. ," ,,,, .• n".' .\-.> .. ,.'--' >,-", L< .... , .... r·}· ..... ~'~.' -'. 

it was findly stepped d"""u tn 6w, which was optimum for the rest duration ,,1' 

For the samc nciwork condilions and "al\smiClsion duraNn, the dynamic algorithm 

stepped down tronsmit power i\'<)nr peak power of 3w directly to 4w, and then stepped it 

up to 6w, Transmission ,ontinned at 6w for 10 minules, unlike in the stepwise 



algorithm wile", it was B", Finally transmit power was stepped down \0 4w, ,md " 

The resulting effed of the ,UiIcrent regubri"" pmco"e, Win scen Oil th" graph of 

available ",lHery pown got emnpkld y oepi dcd "fie r 2<) minutes (\ f transmission, whi lSI 

Figure 4,16 presents a comparison between ,,"01\5 obtaind for the stepw;se and 

transmission, 'This was to cnabto il ",o",!,inn good '''Hmoclicn 
t<' the hiJSc ,,,,tions 

The effect on tbe available battery power was similar also beeau,e tbe same amount of 

Ther"""e irrespertive of the algorithm used, when ndW()rk conditions are 0H the 



ON .. t 
~.l 

(
"("""'-:("1 I' S I ")" ~ N~) i"~ I" ("{'"~;~.A\I'L''''''1'l') h. 'f I ()l'<c,)' .. , ,; n.~ ,_ ,;\j"ltH, ,,,,L 1 l'l;~ ,_ "hi!:' S: .. Hl ,,,,,- ,l liS 

Conclusion 

'l'" , 'b' .. \ '1 I' ; ~' ' '\" . ! • ne "eN to mate . attenes 0 t 11Wo!>e (0 v lets ust ,or longer pe n m s 0 t opewtlO
ns 

ruw 

that advancements in banGY tedUK)iogies haw not been in "mdem with advancement' 

h«oamea challenge to wmmunication,; engineers. It w"'; l<A thi, reasons that rese:;reh 

works in lhe fidd of power management anti power contro! began In the cady 19905. 

The author underlook a literature re'lICW of PJSt research works in this iidd, al1d 

o)os\dered the different approaches different ""em'chers have adopted at trying to 

power ""ntw\ algorithm in mobile termiroV i,' presemd in this thesis: 

L 

conditions, 
its 

, , 
s;.gnnl 
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The algorithm S<lvC<i 3"",lable battery power for the n1cbile ,ermina
l 

by 30% 

5.2 RecoIlllncndll1io!l' ano fulure works. 

welc"m

es 

further \York on ihis research work ,"'0 recom
mwd

£ tbis thesis to form part 

guide to those wb" \'.'i5h to tllke a fNay into the inter<Aing subject A battery life 

For those wishing, W do more work \i1 this ,,~pcci, ,hey ean look Cot mu\lipk ",cbiie 

""y;co
S 

in ,he network d"maio OS the author h<l' only etmsidercd ono mobile terminal 

should lonk at ihe e ffeei "f trarlSfn issio n P" we rand i "terfer
once 

"f other devices 0 n the 

a.dopt 
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