


































































































































































































































































































7.4 Energy consumption of an end-to-end multihop tran mi Ion 

x 5.7 6 6.3 6.6 

Pt 0.375 x10-4 0.417x 10- 4 0.458x 10- .1 0.500x10- t 

Pb(x) 0.694305132 0.695007184 0.69443272- 0.692903154 

Etotal 0.011561697 0.011456074 0.0113 7549 0.011347901 

x 6.8 7.1 7.3 7.5 

Pt 0.542x 10-4 0.583x10- 4 0.625 X 10- 4 0.667xlO-4 

Pb(x) 0.698039534 0.694957014 0.698339877 0.7009590 6 

Elatal 0.01133012 0.011329779 0.01134291- 0.011367662 

x 7.7 7.9 .1 .3 

Pt O.708x 10-4 0.750x 10-4 0.792x 10- O. 33 X 10-4 

Pb(x) 0.702943912 0.704396449 0.70539 39 0.706015 95 

ELaial 0.011401686 0.011443234 0.011490966 0.011543 40 

Table 7.1: Results fronl the end-to-end trans111i ion nlodcl (Rayleigh) 

Minimum energy consumption of Ihe end-Io-end transmission 
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Figlll' 7.4: Iininnull ell 'rgy con 'unlpti n for differcllt trall. lllis ion pmH'l'. (\'( r­

SllS .r in igh 1110 lel) 
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7.4 Energy consumption of an end-to-end multihop traIl 

Minimum energy consumption of Ihe end-Io-end transmission 
0.0116 r-----r--..----.--~...-------,c__~..::.......:..~-=-=::;::=:.., 

0.0116 
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~ 0.0114 
c: 
W 

0.0113 

0.0113 '-----L~--L.--L---"-----J.-----L---'----~---1 
4 4.5 5 5.5 6 6.5 7 7.5 8 8.5 

Transmission power (w) x 10-3 

Figure 7.5: Minimum energy con umption for different tran ll1i ~iOll power (v r­

sus Pt in Rayleigh model) 

7.4.2 Lognormal fading scenario 

Considering a Lognormal fading scenario, based on equations 7.4 and 7.8, th 

relationship between Etotal and x is plotted in Fig. 7.6 (with stati value of Pt) 

where the nodes' transmission power is adjusted as shown in th figure. With 

different static value of Pt, the relationship between Etotal and x is plott d in 

Fig. 7.6, where the nodes' transmission power is adjusted as shown in the figur . 

For each different level of Ph there is a minimum energy consUlllption (Etota.l) 

which occurs at the specific transmission range (x). To analyse he r lationship 

between Etotal, Pt x and Pb(x) (determined by Pt and x), the corre ponding dat 

has been recorded in Table 7.2. Based on Table 7.2 the relation hip between 

Etotal and x, and the relationship between Etotal and Pt has b en pIo ted in Fig. 7.7 

and Fig.7.8 respectively. In both Fig. 7.6 and Fig. 7.7 Etotal deer as wh n x 

increases before a specific value of x, and it incr ases when x increa e aft r 

that point. It is shown in Fig. 7.8 that Etotal decrea es when Pi incr a 'befor 

Pt = 6.25 X 10-7 wand it increases when Pt iner ases after Pt = 6.25 x 10- 7 
. 

Based on Fig. 7.6 Fig. 7.7 and Fig.7.8 it can b n that ther i' a Ininimwll 

Etotal for specific Pt and x. The minimum n rg) con Ulnpti Il oe ur ~ h n 

13:.. 



7.5 Energy efficiency with efficiency function 

Energy consumption of the end-to-end multihop model 
01 F=============~ __ ~ __ ~~~~~ 

- Lognormal p =4.S8x 10-3 w 
0.09 I 

- Lognormal PI=5.Ox 10- 3 w 
0.08 

Lognormal ptS.42.x 10-3 w 

~ 0.07 Lognormal PI=5.83x 10-3 w 

~ 0.08 - Lognormal pt6.25x 10-3 w 

~ - Lognormal P =6.67x 10-3 w 
(f) 005 I 

8 
>- 0.04 
e> 
Q) 

Jj 0.03 

~ ~ ~ ~ 00 
x-distance of each hop (meters) 

70 

Figure 7.6: Energy consumption of th end-to-end translui ion (Lognonnal) 

Pt = 6.25 x 10-7 and x = 28.3 for the set of parameters considered. Furthermor 

note that the minimum energy consumption for different levels of Pt occurs when 

Pb(x) is between 79% and 81%. Thus, Etotal can be minimised by a range of Pb(x) 
values. 

7.5 Energy efficiency with efficiency function 

As shown in Fig. 7.9, S is the source node, D is the destination node, and R is 

the relay node. In order to find the optimal location of the next hop node which 

leads to energy efficiency in the entire transmission an efficiency function (F) is 

proposed as follows: 

Progress 
F------ E

onehop 
, (7.10) 

where Eonehop is the energy consumption for one tran mi ion b twe n and R. 

and Progress is the progTess of the relay node defined as ISDI-IRDI· Th ref r . 

to minimise the energy consumption between Sand D he P rogr .9' f t,h 

current hop hould be made as large as po sible and Eonehop houl b ma 

as -'nlall possible. Thu b maximi ing Fl the optilnal n rgy con umpti 11 
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7.5 Energy efficiency with efficiency function 

x 20.4 21.5 22.5 23.-1 

Pt 0.375x 10-4 0.417xlO-4 0.458x 10- 1 O. OOxlO- 1 

Pb(x) 0.79558552 0.79568542 0.7970329194 0.799650799-1 

Etatal 0.00270091 0.00267225 0.0026526634 0.00263997 2 

x 24.3 25.2 26 26. 

Pt 0.542x 10-4 0.583x10-4 0.625x 10--t 0.667x 10-4 

Pb(x) 0.80103606 0.80145174 0.8034093139 O. 04 75 9 

Eiotal 0.00263268 0.00262966 0.0026300470 0.0026332205 

x 27.6 28.3 29.1 29. 

Pt O.708x 10-4 0.750x10-4 O.792x 10-4 O. 33x 10-4 

Pb(x) 0.80512687 0.80723434 O. OG73292 - O. 07 4 271 

Eioial 0.00263867 0.00264601 0.0026549431 0.002GG 1742 

Table 7.2: Results from the end-to-cnd translnission model (Lognornlal) 

• 10-3 Minimum energy consumption for end-ta-end transmission 
268 
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Figure 7.7: ~lilliInurn energy con 'unlption for liffcr nt trarl. missioll I 0'" 'r. (v< r-

.. US .T in Ray 1 igh IllO l( 1) 
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7.5 Energy efficiency with efficiency function 

X 10-3 Minimum energy consumption of the end-to-end transmission 
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Figure 7.8: MinilnUlTI energy consumption for differ nt tran mis ion power (\'cr-

sus PL in Rayleigh model) 

R (x,y) 

R1(X1,y1) 

Figure 7.9: l\Iodcl with thc pro rc .. metric 
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between Sand D can be achieved. Based on equations 

efficiency Function is: 

F = ISDI - IRDI 
(Pb~X) + p/(x))(ee + E t ) + (1 + Pb~X) )re 

Using the coordinates of each node. it becomes: 

For a linear network (y = 0), it is: 

.r 
F = (1 1 1 

Pb(x) + P~(.7:))(('f + Pt) + (1 + p/,(./,))c, 

7.6 SlllllIll(H~' 

I,·J. l.ti alld I.' . the 

(1.11) 

( i.ll) 

(1.1:; ) 

Since F > 0, the maximum of F is <'qui\Ocdellt to t lw minilllum of +. alld *' i~ 

expressed as: 

1 

F .r 
( 1.1 I) 

which is linearly proportional to Etotat, as shown in equation 7.8. The onl\ differ­

ence between equations 7.8 and 7.14 is the length of the ndwork (L). Therefon~. 

the relationship between energy efficiency (Etotal for the end-to-end model alld + 
for the progress model). transmission power (Pt). and the prohabilit\· of pc\('K<'t 

being successfully received (PbCT)) are the same based on two different nl('t 110d~. 

7.6 Summary 

Based on realistic ph~"sical la~"t'l' sccllarios. this chapter proposed t\\·o lllet h()d:-. t (I 

,l('iti('v(' Cll(Tg\ effi('iellcy in cHi-hoc \\'ircless nl't\\"orks. Thl' relatiOllsitip iH't\\"!'!'11 

till' ('ll('rgy ('ost. the range of p,:H'h hop. and the llod('s' tr'\llSlllis:-.i()1l P()\\Tl h,,:-. 

1>('('11 derived hclS('d on these t\\"() methods. The reslllts sl1m\' that. t l1('s(' t \\'0 

rl'la t iOllships derin'ci through different methods ar(' equival('llt. TIl(' n ':-.111 t:-. ill this 

dillpt ('r can IH' implemented in c\11 ('ll('rgv efficient gcographic r()tltill~ ;d!2,( )lit lllil. 

which C,\ll form the hasis for future \\·ork. 



Chapter 8 

Energy Efficiency in Ad-hoc 

Vehicular N etwor ks 

8.1 Introduction 

Cr('('ll leT (IllforlIl<ltioll ()lui C()lIllllUnici\lion T('chll()i()g\") i:-; (\ 11('\\" t(WU~ \\'itl! 

tIl<' g(),d ()f :-;i\\'ing cIlcrg,\" h\· ()ptilIli:-;ing mobil(, lletmJrk C(Jllllllllllic,\tioll:-; and 

uitilll,\kh' pmt(,(,ting til<' ll,\turcll Clilll(\/<' [1-:1:-:1:], In t<'rlll:-; ()f til(' glohal (',lri)(Hl 

('llli:-;:-;i()Il:-;, :-;(llll(' <lII<I\y:-;t:-; hi\\'(' r('l)()rtcd thdt leT cH'('(JUllh fur ]- ].,-)(X of tl\(' 

gloh,d hclrlllful ('llli:-;:-;ioll:-;, which i:-; equal t() til<' gloi)cd (lyiati()ll inc!\I:-;tn' [1-:1:"-< 

.\('('(Jrding t() i\ rep()rt h\' the :\lilli:-;tr,\' of Illlt'rllCl\ Atiair:-; ,llle! C(Jlllllltllli«lti(lll:-; 

of J;\P<-111 [1-:1:Gj, leT equipm(,llt (routcr:-;, PC\, and ()til(T nd\\'ork ~\":-;t(,lll:-;) ('(JIl­

:-;lllllCd ;\h()llt "r).ooo.OOO :\I\\'h in :?()()6 \\'hidl i:-; ;)1: of t\l<' ('Oulltn" 1(!l;d (,IlI'r,!.!,\" 

('(Jll:-;Ulllptioll (\wl thi:-; figure llC\:-; illrTcc\:-;('d about :?()l/; ()\'er till' p(l~1 11\(' \"('m~" 

III thi:-; dUll)t('!'. \'('l!iclliar ad-hoc rl('t\\'(Jrk~ (\';\\'ET:-;), d:-; :-;il()\\'l1 ill Fig "1. M(' 

d(':-;igll('d to r('du('(' their ('( llllllltlIlicatioll CW'l)!,\" ('( 1I1:-;1ll11 pt iOll" 

B;\:-;('d OIl;\ rcali:-;tic tr;IIl:-;p()rt traffic :-;('('ll;\Tio 011 (\ Ill(JIOl'\\';l\", ':\11' ill ll\(' {TI-":, 

thi:-; chaprcr ('\',d11,\t(':-; til<' ('lll'r,~\" ('(Jll:-;\llllption ill i\ llll!llll'\\',l\" ad-l!ll( \\'ill,I(>:"-­

!lct\\"()rk, Thi:-; i:-; I>,\:-;('d 011 (\ (;l'll~laphi(',d .\daptin~ Fiddity ((;.\1-'1 t(IPI,J(I~\' 

11l(\1l'\.~('llH'lll pr()tlwol []~)1, \\'hcl'<' til(' ('II('l,~\' l'llll:-;\Ill1ptioll l!i\:-; \W"ll (\11,d\':"--('" IIIJ 

1
,,­
" ) j 



8.2 Traffic statistics in the ~I4 nloton,vay ill t he tTl\: 
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Figure 8,1: Equal-grid ,\ltd il< 1,illst able-grid moton\'il\' G A F ll)( )(lp1. 

equal-grid, adjustable-grid and genetic algorithm models, Considering llodes in 

the VANET network and their transmission ranges, this chapter pr()\'id('s ,\ net­

work model to compute the energy consumption of VANETs and ('Ompill'('S their 

energy efficiency performance, The proposed genetic algorithm model hilS \)('('11 

found to be more energy efficient than the adj ustahle-grid model \\'hi('h is 1 )('tt('r 

than the equal-grid model. 

8.2 Traffic statistics in the M4 motorway in the 

UK 
As a first step, some statistical analysis has been carried out on yf'hintlar t raftic 

profiles observed at inducti\'e loops on the '),1--1' 1ll0torW(\\' in tlw l'K, Fig. ~.2 

shows the distribution of vehicles as it is observed at inductin' loop (10) 2211. 

on tlH' :l\IC!. on Tuesday (23/04/2002), Frida~' (:,26/0-l12U02) and on S;lturda~' 
(27/04/2002). On Tllesda~' and Frida~'. there cUP t\\'O peak time~ (7-~ ,Ull and 

;I-() pm), which correspond to the morning and (,\,(,llillg \\'ork rush h()l\r~ Oll 

Selturd,\\'. there arc t\\'O peak times (ll-L~ am and I-~ pm). \\,hich ('OlT('SI)()lld til 

the ('qui\',llellt leisure rush hours, Fig, ,).3 provides ,\ comp<lriS()ll ()f \,dlld(' dis-



8.2 Traffic statistics in the M4 motorway in the UK 

102244: No. of vehicles Vs. Time durations 

4500 
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~500 +------J 
t1000 1-----, ....... -------------..:::&--
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1:59 

7:00-
7:59 

13:00-
13:59 
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19:00-
19.59 

Figure 8.2: Distribution of vehicles in one day over three indudiv loop: 22.J:.J:, 

2246, 6584 in the NI4 motorway 

Tuesday: No. of vehicles Vs. Time durations 
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Figure 8.3: Distribution of vehicles over indu tiv ID 2244 nrillg thrc da ' .. 

tribution around inductive loops (ILs) on Thesday (23/04/2002). The stati ti 1 

analysis shows that the distributions of vehicles at the lLs ID 2244 2246 and 

6584 are very similar. This data clearly show that the transport traffic varie on 

a specific location on the M4 according to the tinle of the day a well 

in different locations on the M4 during a specific time duration. Fig, 

trates these trends, where vehicle distributions are shown within diff r n UIl 

durations, peak and off peak time, as well as at differ nt loca i n 

2244-2256 on Tuesday-02/04/2002. 
During a specifi time duration, the bit rat sand tati ti al pro c bilitic 

of diff r nt typ of data ( p ech vid 0 da a RFID) r pr llt in Tc 11 

1 



8.2 Thaffic statistics in the M4 motorway in the UK 

Road traffic 

10000 

~ 
" -+-0IIpeak lime (2-3 am) 

i 1000 +----4 p~ (7 --- _!me .a am) 

I 

2244 2246 22~ 2250 2252 2254 2256 

No. 0110 

Figure 8.4: Distribution of vehicle during th offp ak and p ak tinlC .. 

Speech bit rate 64 kb/s Speech O='J /OFF probability 5/3 

Video bit rate 320 kb/s Video ON/OFF proba ility 5/6 

Data bit rate 10 :\lb/s Data ON/OFF probability 15/7 

RFID bit rate 10 :\lb/s Data ON /OFF probabilit~, 1/12 

Table 8.1: Pa.ranlCter f r C'Olllputillg <lat· traffiC' 
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8.3 Preliminari 

Data traffic 

+------l -+- 0ffpeaI. t.me (2-3 am) 1--------­
--- Peak lime (T ~ am) 

2244 2245 2246 2247 2248 2249 2250 2251 2252 2253 2254 2255 2256 

No. of 10 

Figure 8.5: Distribution of data traffic during th offpcak and peak tinlC .. 

8.1 [147]. Therefore, the average traffic transmitted by each vehicle i as urn d to 

be 64 x 103 x ;5 + 320 x 103 x ;5 + 10 x 106 
X ~~ + 10 X 106 X ~ ~ 2.9Mbit / which i 

achievable based on current standards and xpected near future evolution. Ba d 

on vehicle distribution trends within different time duration and at diff r nt 

locations, Fig. 8.5 illustrates the data traffic transmitted by the e vehicle. 

This result will be taken into consid ration in modelling tran port traffic on 

a typical motorway in order to achieve energy efficiency in VANETs. Not hat 

the average speed of vehicles is about 25 m/s (90 km/hour) and the di tanc 

tween two IDs is 500 metres. Therefore, the average number of node di tribut d 

b tween two ILs is about 20, where the author assume that they ar uniformly 

distributed between any two 1Ls on the M4. 

8.3 Preliminaries 

The nergy consumed by ad-hoc wireless network no 1 the urn of l1'r :v 

consumed for transmitting receiving and Ii tening. Ba d n [1 1] h 

con urn d p r econd by a node in the e thr t e n 
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as follows (as mentioned in equations -1,-I} 

E t = (f(~ + eaRn)]~ 
Er = (feo + ep)Tr 

E[ = e I ~ = e[ (1 - Tt - Tr) 

8.3 Prplilllinarip:-, 

where ee is the energy/second consumed by the transceiyer~ dectronic~. and ( (J 

is the energy/second consumed in the transmitter RF amplifier. and ( i' i~ the ell­

ergy/second consumed for processing in the receiw'rs and (I is the ('lH'rg\)S(,(,OIH\ 

consumed for listening to the radio environment, where (I = (f' (f' ((J' illH.1 (p 

are determined by the design characteristics of the tnllls('('iycr~, Bas('d on l(i,-lj. 

the typical values of these parameters are: ee = 0,083 J / S. (/' = (), () 17 J / ., .. ; . 

ea = 2 x 10-.5 J /S /m 2; n is the power index of the channel pat II loss, \\'hich is 

between 2 and 4, R is the node transmission range; Tt and 1~, denote n'sl)('('­

tively the time durations for transmitting and receiving the trnHic. which ('illl he 

expressed as follows (as mentioned in equations -1,;J): 

T t = Dt/dR 

]~, -= D,/d R. 

where Dt and Dr are the transmitted and received traffic data bih r('~p('('t i\'d.\', 

and dR is the transmitted or recein'd data nlte (hits/sec()ud) of ('(lcl! netmlrk 

node, Thus. during one second, ~, which denotes the tiw(, for list(,llillg to the 

radio environment, is: Tl = 1- Tt - Tr . where 0 < ~ < 1. thus 0 < (1 - Dt!dH -

Dr / dR ) < 1. For the static traffic data scenario, \\'here Dt = Dr = D. the yaiup 

range of D can be described as follows (as mentioned in ('quatioll~ .Ui): 

In t.his chapter. the author focus on uplink cOlllmuniciltioll frolll \,('!tie\\,:-. 1 (I 

(\ Base Station (BS). Based on GAF mechanism, our motOl'\\'i\\' lllodPl i:-. di\'id('d 

into yirtlwl grids. and the delta traffic i~ ultimatel~' forwarded t(l tl\(' I3~ ~ill«' 

the di~tance \)('t\\"('e11 t\\'Cl BSs i~ about -l km. in the model the ililtit(ll" COll:-.i<i'·1 

,):? km (L=:? km) moton\'i1\' n\'twork ~('ctiOll \\'jth (\ H~ \()(;ll('d ;It th.> ri'..'.,\ll l'lld 

of thE' network. A~ the author lllf'ntiOlH'd \H'fo\'(', ,t\Hlllt '.!() \'(>hic\(':-. <In' llllif()llll\\' 

l-l'.! 



8.3 Prelilninaries 

distributed in 500 metres (distance between t\\"() IDs), the an'rage lIllllll)('r (It 

nodes in the 2 km is 80 which corresponds to a similar trend t( I t h;11 ~lt( )\\-11 III 

Fig. 8.5 (observe the variation with time of day/rush hour). \'dlid('~ <In' d;\~~ih('d 

as normal nodes (only transmit data) and head nodes (rela~' traffic 1 (I lll'xt':2,rid). 

Assume that a constant traffic (D) flows along the lllotor\ya~' npt\york (frolll 

the left end to the BS) and the nodes in the network do not translllit dM;\. the 

relationship between the optimal transmission range and llPt\\"ork traffic n\11 IH:' 

derived as follows. In the equal-grid lllotor\\"ay GAF model. \\"here all tlw yirtllal 

grids are the same size, L and iF represent the length and width of the Iwtmll-k. 

respectively, while rand R represent the grid length and the tr<lIl~lIlissi()n r<1l1ge 

of nodes in each grid, respectively. Therefore. the number of grids. ITI. is ((\~ 

mentioned in equations 4.7): 
L 

m=­
r 

(~ I) 

and the transmission range (Ri) of nodes in the ith grid is deriy(,d h<ls('d (Ill C;:\F 

mechanism as follows: 

The total energy consumed in the ith grid, E,. is the sum of the ('11<'1);\' (,(JU­

sumed in the listening, transmitting and receiving states of the !lodes ill tll<' grid 

(equation 8.1), thus (as mentioned in eqll() t ions --l.10): 

Therefore, based on equations 8.2. 8.--l and 8.0. the en('rg~' consumed in the entire 

network can be expressed as follows (as mentioned in equdt iOll~ --l.11): 

As mentioned. data traffic is constant through the net\\·ork. tltl1~ D, = Dr = 

D. To compute the minimum ellerg~' consumption of nodes. a E,,,/o/ /1)' - II h II 



8.4 Energy consu111ption in peak tillle traffic 1l10dpi 

n = 2 (as mentioned in equations 4.14): 

r2 = epD + tz/r1R + n'2e u D 
-Jr(JD 

* r = 
t1)D + cJ/dR + ,,02e 1l D 

-Jf aD 

where r* is the optimal grid length. Based on eqllation ~ .. -). the optimal tr;lll~­

mission range , R*, can be described as follO\\'s (as mentioned ill equatiolls -J.l.-»): 

R*= 
(pD + et/du. + 2~\02( aD 

( liD 

Equation 8.9 shows that the optimal radio trallsmissioll r;1l1?-!,('. U'. reLltes 10 the 

static network traffic date\. D. and width 't". wher<' ,t" = 10ui ill til<' lllotOl"\\O;I\O 

model. 

8.4 Energy consumption in peak time traffic model 

In what follows we discuss clH'rgy-efficient cOlllmuIlicatioIl nlO(kb wl1('r(' tlw ,lll,d­

ysis and simulations arc based on ,\ 1()()-~('c()nd duration. 

8.4.1 Equal-grid motorway GAF model 

In the equal-grid model, as shown in Fig. 8.1. the entire lldw()rk is di\Oiclecl illt (l 

l'qwLl grids and thl' traffic is forwarded grid h\O grid to the BS. T(l (";d('llL\1(' the 

energ~o consumption of the llloton\"(l~' lletwork. the n'ilicular llod('s ;Ill' dil:--:--ili('d 

,1S normal nodes (j\"l/) and head llodes (Sh)' 
Thc ClHTOY consumed hy the normal nodes is ollho for transmitt ill).!,. which ("<Ill 

h. . 

hl' dl'ri\O(-'d based on equations 8.1 and ~.2: 

\\"11('rc Ri = vr; + ,,°2 (normal nodes ar(' able to transmit dat;1 1(1 til(' hC;\(\llodt'. 

no lllatter \\·here their location is). 1"/ is the grid lell'...',lll of til!' i'h'...',rid III tl\t' 

('qual-grid model, 1"/ = 1". 

I II 



8.4 Energy consunlption in peak tinH~ traffic nlod~l 

The energy consumed by the head nodes of the ith grid can ht' derin'c1 ll~ing 
equation 8.7: 

where 

Dti = (L - (i - l)r)H',\ 

Dri = (L - ir)W'\. 

(:"11) 

("',12) 

,\ denotes the traffic data (bits) intensit~, per 1ll('t!(,~2 (rn 2 ), \\'hich ('(1n he (,d('u­

lated from the the data traffic model (,\ = 1.16 X 10.'jlilts/1U 2 /s), 

By using equations 8.10,8,11 and 8.1:2. tile en('rg\' consumption ()l the entire 

network is: 

Tn 

Etotal = L ENhi + (N - m) x ENn , ( -..; 1')) , , .) 

i=l 

where N is the number in vehicular nodes in the lllotor\\',)\' lld\\'()rk (.Y = ('\(l). 

8.4.2 Analysis of network connectivity 

Based on [1-18], the probability of network connectivity (Pb ) C,lll be ('alculated hy 

('" 11) 

where d is the node density, R is the transmission range of nodes. and .\r i~ 

the total number of nodes in the network. To lIH'd Pb > q~)(/('. (mel ll.'-iill.!l, til(' 

parameters stated earlier in this section, R is soh'('d to be R > 1 L~m. l'~illg t 11(' 

mechanislll of equal-grid GAF model. the number of grid~ is ilh()ut :{(j (rn = :3()). 

\\,11(,\'(, til(' ellergy consumption of the llct,\\'()rk is J('o\H J. \\'hich i~ \;ll'(!,('r tllCll! tilt' 

minimum ('ll('rg~' consumption of t he equal-grid Ill()dd (EIIIIII - :{.-)()"i ./). 

8.4.3 Adjustable-grid motorway GAF model 

Oln'iously. nodes near the sink "'ill rclm' more traffic thallllo<i('s ,It tll!' (dlll'r ('llt\ 

of tilt' lletwork. Therefore, to optimist' their ('ll(ll)!,\' ('( ll!Slllllpt iOB iI! '( '( n'( lill(!' t I) 



8.4 Energy consunlptioll in peak tinH' traffic llHHlt'l 

the relationship between optimal radio range (optimal grid length) cllld llet \yurk 

traffic from equation 8.9 (8.8). the nodes near a sink should ha\'(' C1 :--lllidicr Lldl() 

range. An adjustable-grid motorway GAF model can lead to lower elH'I)~\' ('(lll­

sumption compared to equal-grid GAF model, if properh- designed. As illllstriltcd 

in Fig. 8.1, the adjustable-grid motor\\'a\ GAF model diyicics the nC't\\'ork intI) 

m variable-length grids, where the lengt h of each grid is cictermi1wd accordillg t () 

equation 8.9. 

The energy consumed b\ the normal nodes is onh' for trc1l1S111itting. which ('illl 

be derived based on equations 8.1 and 8.2: 

where Ri = JI"~ + H'2 (normal nodes an' able t() tnmslllit datel t() the head llod('. 

no matter where their location is ), 7', is the grid length of t i1<' ill! grid. 

The energy consumed h\- til(' head ll()des of the jth grid Clll 1)(' dpri\"('d lIsillg 

equation 8.7: 

where 

Dt , = (L - 1"1 - 7'2 .. · - l'i_l)ll"A 

D"i = (L - '1 - 1'2··· - ri)lr A. 

A denotes the traffic data (bits) intensit~· per metres2 (rn 2). which is the SaIll(' dS 

the equal-grid model (A = 1.16 x 104 bits/rn2 /s). 
By using equations 8.15,8.16 and 8.11. the energ~- consumptioll ()f til(' elltire 

lletwork is: 

/II 

E(otu/ = L ESh i + (.\' - TTl) X EST!' 

;=1 

where;\' is the number of \"(·hiculal' nodes in the lll()t()l\\-;l\- lletw()rk (.\' -'-"II). 

T'he ('llt'rg.\· consumption of the adjllstcdlie-grid ll1ot()l"\nl.\· G:-\F lll()(ld i:-- :\I)L! .1. 

when t he number of grids III = 21. 

14ti 
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Figure 8,C): Gell<'tic al~orithm How chart 

Genetic Algorithm motorway G AF model 

Genetic Algorithms (GA) [90][91] ,-He optimisation alld search techniqll('S h,lS('d on 

the principles of genetics and natural selections. The G.-\ openltl()llS ,11"(' ('xpiailH'c\ 

in the flow chart shown in Fig. 8.6. 

In the GA model, the fitness function is: 

i=I 

where 

which is constraint b~r the set: 

rn v = {(rI' r2, .. .rrn) : 0 < l'i < L. L I' l = L}, 
i=l 

\\.here I'i is represented by Cl chromosome ill the GA id~()litlllll. hl: .. ,,·d IHI ",hii'll 

Ill'\\' chromosomes <-lIT produced in each gell('l'iltioll h~' tT()SS()\'('l a 11< \ 111111,11 ilill 

OPCl",lt iOllS OIl parent population, ,1S shown in Fig. ~(i Cin'll ('ll()ll,dl '.2,I'lllT,il i()ll~ 

11-;-



8.5 Energy consunlption III off pf'ak till1\' traffic 

(about 20000 generations), the minimum of the fitllC':-;:-; function (lllinillllllll ('I\(T!.2,\' 

consumption) is computed: E t = 2946J. \\'here Tn = 20, Thi:-; \'(':--Il[r \\'ill 1)(' 

(-lllctl~':-;ed in Section 8.6. 

8.5 Energy consumption in off peak tinle traffic 

In tIl(' off peak data traffic :-;C('llari(). til(' ,\\'tTilge numlwr of \'('hicl(':-; in t ht' mott )\­

W8Y section GAF model is ollly (\1)(>11t -1. Sill(,(' the maximum lllllllhpr ()f urid:-; i:--. ~ 

cJ.. with tIl(' S811H:' IllPchanism of til<' I)(,<lk time tl'<dtic model. til(' millimull\ ('llE'l'g\' 

cOll:-;umption of thl' equal-grid model i:-; (lchi('\'cd ;\1 t hi:-; number of grid:-;, \\' hen' 

fII = 4. Sill(,(' the data traffic density i:-; to() lo\\' all< I the nllllll)('r ()f \'('hicl('~ i:-­

vcr.Y small, the energy consumption r(':-;ults of the adju:-;L\hle-grid. ('qual-grid ;lIld 

genetic algorithm models sho\\' comparable result:-; in t(Tm:-; of pner!.2,\' ('( )ll:-;lllli p-

tion. 

Fig. 8.5 shows that the ClY('rag(' data traffi(' transmitted h,\' \'('hicl(':-- during thc 

pl'ak time is much larger thall thHt during off pee1k tinw (\lld \'mi(':-; ilt ditfcn'llt 

locat.ioll:-; during :-;pecific time duratiull:-;, The hugl' diffen'll('(' ill dat<l tr;1Iti(' ('alb 

for ('llahling \'('hicles to tr811:-;mit elt different trall:-;llli:-;:-;i()ll n\llg(':-; ;\('('()rdillg 1() 

time duration and l()cation on a motOl'\\'il\' in onkr t() :-;,\\'(' lllO\'(' ('llcrg\'. "1'11('\'('­

fon" vehicles adju:-;t their tl'<)ll:-;mi:-;:-;ioll r,lllg(' bebt'd ()n trall~porl tr<lHi(' d('\l:-;it\, ill 

order t() maillfclill vehicul8r lletwork (,OlllHTti\'it\' ;\:-; \\'<'11 a:-; t() :-;(\\(' lll()l"<' (Ill<'rg\' 

\Y]Wll the number of \'ehicles in 8 :-;p('cific time duration or ()\'(T (\ :-;p('('ih(' I<wcttioll 

i:-; :-;lllctii. (';\ch \,(,hicle adjust:-; ib tr;-lll:-;lllis:-;ion relllg(' t() a [;\rge \'(due ill (min t() 

lll;\illtain network COlllH'cti\'itY. \Yhen'c\:-;. \\'hen the numher of \,(,hic!(':-; illn(I;\~(I:-­

then (';-lch H'hicle should cHl.ill:-;t its t l"ClllSlllission r<1llge bas('( I on the (lJ)t illla[ 11'<111:--­

llli:-;:-;ion r,lllge and total energ~' rd;-1tionship functioll:-; deri\'('d ill thi~ Ch(\p1('1 :--() 

tllilt thl' tot;-d C'llE'rg\ consumption can be lllinillli:-;('d, :\:-;;-1 1'(':-;u[t. \·dlic!(':-- \\'i111)(' 

;tliIl' to ;\Iltonl<-tti('(lll~' tllllC their \\'irel(':-;:-; cOlnmunication (';l\'([:-; t();\ trall:--llli~:--ioll 

rang(,. \\'hich ('OlTl':-;ponds to a :-;pecific driving timE' (II' c\ :-;p('('itic l(l(;ltioll Oll ;\ 

mot or\\',\Y in order to :-;,\\'(' more ('nerg\', 
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Figure 8,7: HclM,ionship betwe{,ll til<' lIptimal grid lcugth and IH'twlIrk trilllil' 

(n=2) 

8.6 Numerical results 

The author has conducted simulations to evaluate the Pllf'rg\' dhci('!I('\' of tlH' 

equal-grid, adjustable-grid and GA models, Eight~, \'ehiclllar nod(':-; (dd('J'lllillPd 

by the M4 motorway traffic model) were randomly distribukd in t Ii(' JlI<)t ()I'\\';I\' 

network which is divided into virtllal grids following the GAF mociels introduced, 

In cach grid, the head node to which all the other nocies trClll:-;lllit \\',IS ralldollll,\' 

seiccted, The data is relayed h~' the head node of each grid until it rc;\('\\(':-, the 

sink node, Each simulation \\'(1S repeated 1000 tiIllE'S, and the total ;1\'('1'<1)2,(' ('!J('rg\' 

consumption was computed, In what follows the wc disclls:-; the \'('slllts \);Is('d OIl 

the relationships derived and the (,llergv-etticienc~' GAF mociels ('ollsidned, 

Based on the relationship between the optimal t l'C1lls111issioll rclllg(' all< I d<l1; I 

traffic transmitted \w \'ehicular nodes in Section 8,-1. Fig, ti, -;- depict s til(' 1'('lat iOll­

ship \wtWt'Cll optimal grid length and lld\\'ork traffic, Three importallt poiJlts (',III 

be observed in the re~"mlts shm\'ll in Fig. ti,7: First. the optimal grid \1'llc:.th (or 

optimal radio trallslllission range) increases sharpl~' when the network tratti(' I~ 
low, where the number of trelllslllissiollS is sIllell1 ,Illd thcl'dl)\'(' tll(' ,l.!,\()I),d Iwt­

\\'ork l'IH'rg~' can he minimised h~' minimising the llllIllher ()f l\l)(k~ ill\'()l\"l'd in 



~.6 ~ullleri('al r(-,~ldb 

the transmission. which corresponds to a large node tri'lll~lllissi()ll rang('. Tlw 

majority of the network is in the sleeping state \\'hen the network trallil' is I('s:-­

than 2 x 106 bits/ s. Second, when the network traffic is large. the optimal trans­

mission range, R*, takes smaller values and therefore t he opt imal grid length 

becomes smaller, and hence, there will be more reL-l~'ing nodes (more grid:--). 

8.6.1 Comparison of GAF models for energy efficiency 

To evaluate the total network energy consumption wit h dnlamic t r,l11ic in the 

equal-grid motorway GAF model, the C1uthor ('\',li11;lt('d tIl<' total ('lwrg\' con­

sumption in terms of the number ()f net\\"ork grids. Ill. h'lSC'cl. on ('quat iOll ~. L{. 

The relationship between E/()/u/ alld 711 is shown in Fig. ~~. The lllillillllllll ('lll'rg\' 

consumption of the equal-grid model is (1chi('\Td whell nI = '.27. Fig. ~.~ shm\'s tl\l' 

optimal transmission range in terms of t he number of grids ('()\'('rillg a lIe! \\'(lrk ill 

the equal-grid model. \\'hcll the numb('!' of grids is small. the lellgt h of t he grid 

is large. Therefore, the dH (n = 2) propagation loss component domill;1t es til(' 

energy consumption. thus the encrgy consumption decreases sharply for III < '27 

with increase in the number of grids. H()\H'YCl', when the nUIlllwr of grids is leng('. 

the length of each grid is small. Therefore, the dll propagation loss ('OIllPOlH'llt 

becomes smaller, where the transmitter and receinT electronics ('11('1,)2,\' COllSUlllP­

tion per bit become large. This linearly' increases in t.urn the ('!1('rg~' ('()llSlllllptioll 

wit h the number of grids. as showll in Fig. 8.8. for In > 27. 

As presented in 8.-1:. the elH:,rg~' consumption ()f t 11<' adjustable-grid emel G.\ 

models have been computed. Accordingly'. the network energ~' C()IlSlllIlpt ion of 

the equal-grid. adjustable-grid and GA models are compared in Fig. ~~. '1'hi:-­

sho\\'s that the network energy' consumption of the equal-grid model rea('h('s t IH' 

minimum l'lH,:rgy' consumption (3567 .1) i'lt 171 = '.27. and til(' ll<'t\\"()rk ('ll('r,~\' 

('Ollsum pt ion of G A model reaches t.he minimum energ\' (,(IllS I 1 III pt iUll (21) j( i ,J) (\ t 

III = 2(). COlnpared to the minimum lll't\\'ork ellerg\' COllSUlllpt iOll of t 1[(' ('( Ill;\ 1-

grid Illodel. the acijllst(lble-grid model san's 19.3 l
/('. ellergy and the G.\ 11l1ll\<'1 :--<1\'(':--

21.1<;; elHTg,Y (h~' comparing the lllinilllulll ('ll('rg\' l'()llSlllllption II! IlIlIh llll)(il'i:--). 

Note th'lt. then' i~ only one sillgle \',due' for the lletwork CIl<'rg,Y ('I)II:--Il111pt ion 

in the eHl.illstahlc-grid lllodellH'l'(\\lse ill the (\d.i\l~tahl('-grid lllodd. thl' II 'I l,'..!,tIt 11\ 
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each grid is computed according to the network traffic, and the number (m) of 

grids is determined once the sum of the length of these grids exceed the length 

of the network (2km). 

8.6.2 GAF models with variable transmission ranges 

In the numerical results obtained so far, the transmission range in ea h grid i 

considered to be static based on GAF models. In these any node in one grid i 

able to communicate with any node of its neighbouring grid which means that 

the transmission range in one grid is determined by the size of its neighbour and 

itself. Here, however, the author assumes that the transmis ion rang ~ from 

one head node to its neighbour head node is only determined by th ir p ition ' 

on the motorway: ~ = J(Xi - Xi_l)2 + (Yi - Yi_l)2 wher Xi and Vi r th 

coordinates of the active node in the ith grid. 

A a r sult, Fig. 8.8 also hows th nergy con umption of th GAF III d L' 

which considers variabl transmis ion range and till h what th III 1 

ba ed on the variable tran mi ion range can a e mor energv th 11 th. \\'hi h 

are based on a static ran mi sion range. B ed on the b 1 

found that th GAF nl0d I based on variabl tran mi i n rang c n '(tY n rgv 
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by 35.3% in (equal-grid model), 34.5% in (adjustable-grid model), and 36.lo/c in 

(GA model), compared to the GAF models which are based on static tran mi IOn 

ranges. Furthermore, the comparison is more clearly shown in Fig. .9. 

8.6.3 Comparison of power consumption 

The results above are all based on 100-second simulations, in which th pow r 

consumptions (J/s) of these models are calculated and shown in Fig. 8.9. Without 

the GAF mechanisms, it is assumed that every vehicle can transmit data dir ctl 

to the BS. Thus the transmission range of each vehicle is considered to b fix d, 

and is set to be the network length (L = 2km). Based on equation .6 th n rgy 

consumed by the entire network is computed to be about 6.4 x 105 J thus h 

power consumption is 6.4 x 103W, which is shown in Fig. 8.9. Cornpar doth 

power consumption without using GAF mechani m th GAF nlod 1 pr p din 

thi chapt r can reduce the power con umption by 99.4o/c - 9.7o/c C ut 3 4-

6381 W), and th ompari on is given in Fig. 8.9. ot that in Fig. . th 

author only on ider the nlinimurn en rgy on umpti n f th qu I-grid and 

G neti Algorithm model which occur r pe i l:v at m = 21 and m = 27. 

n xalnpl if w con ider a 60W-bulb th n , th p ,vcr ay d in th 2 kln , ction 



K. -;- SUlllllla,n 

of the Illotorv:a\' network can jJO\\'('l l()ti bulh~ and (l\'('l" the ('lltire lllOtOl"\\';\\' I:jllli 

km approximately) 16,000 bulbs, 

8.7 Summary 

Based on transport traffic profiles obsel"\'ed at different inducti"e l()( lpS ()Il the 

M4 motorway in the UK. this chapter introduced. clll<1l\'s('d and ('\',duatpd t hn'e 

GAF models to optimise energy consumpti()n in y(,hi('ular ad-hoc lwt \\'orks. The 

author has derived the relationship bd\\'('l'1l the nmnber of grids ;1IH1 ('lwrg-" 

consumption. where the minimum number of netw()rk grids ("Ill he d(,t ('rlllilled 

in the ('qual-grid GAF model, deknllining til(' minimum ('ll('rg~' ('(l!I~lllllpti()!1 ill 

this IIw<i('l. The r<'i,ltiollShip h<'1\\'('('Il the ll('tmlrk ('W'1'I2Y ('(msll111pti()ll Hnd IH)d('s 

tf(lw .. allission range has hC(,ll dnin'd in til(' ad,ill~t;lhl('-grid G.\F lll()del. This 

('wIl ll('d IlS to find th(' optimal tran~lllission range, which ('()n('~p()nds t () lllilli1l111111 

('lwrgy cOllsumption in the (\(i,instnlll('-grid model. The I)(Ti'<)rm(Ill('(' of tlw~(' tW() 

GAF model:-; is COl1lpcH('d to the perfonwllH'(' of a gl'll('tic illg()l'ithlll int['()dll('('d t() 

optinlis(' ('lH'rgy cmlsllmptioIl in V:\~ETs, The ('()ll lparison r('SI d t s ,,,h()\\' t h;\ t the 

GA model is the 1l10st ('lH'rg" dh('i(,llt (1lJ(' (llld ~(I\'('~ :21.1<;; ('omp;l!('d tl) til(' ('\I\I(\l­

grid modd, \\'11('1'('<:1S the ad,instable-grid model ~<l\,('~ 1~),:{(/: ('OllljJill'('d t() tlu' ('<!ual­

grid model. It \\'as determined thM a GAF model \\'itll \'Mi;I])I(, tr;IlISllli~~i()1l 

nwgt's Cilll sav\' ahout 3~)(!t (,llng\' compared to thl' GAF ltlo<i(+; h;ls('<I llll il ~tati(' 

trclllsmission r<1llg('. This chapter drn\\'s the first ~t('p t()wards building ;1 software 

utilih' to control the encrgy consumed in vehicular comnlllllicatioll, C()\I~('qU(,llth', 

\'t'hides will be ahle to tune their communication trallslllissioll r(\ll,~(' \),1:"->('<1 ()ll 

tIl(' driving time or specific locations along their tw,icct()l'\', Fllrth(,rIllOll'. th( 

proposed transmission range adjustment lIl('dlCllli~lll can 1)(' depl( l\'( 'd in t 1\ 1[('1' ;\d­

ho(' ll('t\\'ork s(,('lwri()s \\'here d\'lli\lllicalh' \'dl"\'ing node d('ll~iti(':-, <11(" (':\\)('(l('d. fUl 

('xl\lllple in social net\\·orking. 



Chapter 9 

Conclusions and Future work 

9.1 Conclusions of research work 

EI\('l).!.\' ('Hicit'lw\' is ()II<' of til<' lll()st illiport <lIlt iSSlj('S in ad-hoc \\'ire)('ss networks 

alld forms (Jl!(, of the importallt ('ollstr;lillts in the d('\'dopn}(,llt of \\'m')('ss iHI-h()c 

ll<'tw()rks, 'I'll<' w()rk in this tll<'sis fO('\Is('d on hm\' to il('lli('\'(' ('ll('rgy dfi('if'T\('\' ill 

iHI-ho(' \\'in·l(·ss 1l<'1\\'()rks, The ('II<'}'gy sd\'illg dppr()(Ic\}(,s (ll'(' diISsili('d illt() tilr('(' 

Illilill ilpproal'i!('s: n()de sLlt(·s ('()Iltr()l. ()pt imal trdllSlllissioll l'<lllg(', ,lllel t()\l()I()\2,\' 

manClg('JII<'nt or r()uting idgoritlulls. III this tlwsis. til('s(' tlm'(' ilppm,wl\('s <ll'<' 

lltilis('d t()g<'tl\('r ill different i\(l-ho(' wirel(·ss nd\\,(Jl'ks. 

In (,lulpt('r 1, the (mthor intr()d\l('('d (l ci;lssificaticHl I(l! (,()IIIllI1111ic,lti()ll 11<'1-

\Yorks and then introduced node chal'iH'tnistics ill (HI-II(J(' \\'iJ<'[('sS 11<'1\\'()rks. III 

reLitioll to ('1l('l)2,y dfici(,ll('\', the energ\' COllstnlillts <111<1 til(' defilliti(l!ls (ll W'l\\'()rk 

lil<'till\(, in ;HI-h(l(' wi}'('l('ss net\\'orks hm'(' been introduc(,d It) Clcili('\(' ('I\('rg\' 

dfi('i('I\(,~' ill ild-hoc wireless ll<'t\\'o!"ks, knowl('dg(' of ellerg,\' C()IlSlllllpt i()l1 st<ltl'S. 

lllllitihop t rallsmission techniques. topol()g\' 1l\;IWIg('lIJ<'lIt dlld routing alg()rit 11lIIS 

;1]'(' 11<'('<\('<\. Thes(' \\'('r(' introd\lc('d and dis('uss('d. FurthC'1'lll(j]'(', 1 ilis dl<lpt('r ullt­

lilled the ()hj(·cti\'('s of this }'('S('i1ITh \\'()!"k dlld th(' ()riginnl «)l1trihlltiollS. which 

\\'('1'(' sllpport<'d h,\' ;1 list of puhlic<ltiollS. 

In Cllilptcr 2. the ('11('1'):2,\' dfici('ll\'\' apPwild)('s Ils('d ill ad-ho(' \\'irc!t'ss 11f'1-

\\'orks hH\'(' 1)('('11 Slll"\'('\'('(L ;mc! must of tl1<'s(' appwildws bil\(' JH'('n d;\ssil1t'd illt() 
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three main categories: multiple power consumption st ates. transmissi( Jll ran,2,e ad­

justment, and topology management and routing algorithms, A.s the main IlS( 'I 

of the multiple power consumption states approach. the IEEE ~O'~,ll P~~I 11<1:-­

been introduced and discussed, and \york related to it has been e\"aluatpd, TIlt' 

concept of transmission range adjustment approach has heen introduced. and tilt' 

work based on this concept has been assessed and summarised. The mail! routing 

and topology management algorit hms hav(' been introduced. and s('\"('r,11 :--pecitic 

routing and topology management algorit hms used in ad-hoc \\'in'less n!'t\\'ork:-­

have been introduced and evaluat<-d, Furtherlllore. other energ\" saving lllcthod:--, 

such as hybrid ad-hoc wireless network hel\"(' hccn discllss('d, 

In Chapter :3, an energy efficient GAF protocol 11llS been proposed ill a lincar 

ad-hoc wireless network. III terms of til(' lletwurk tlclHic. th(' dtt(,IlWlt i()ll loss 

factor, the data bit rate. and t he optimal transmission range h,l\"(' l}('('ll dcri\"('d, 

The network energy consumption of the equal-grid GAF model has 1)('('11 deri\"('d 

and the optimal grid length has been determined. Furthermore. h<ls('d 011 tIl<' 

optimal transmission range and Genetic Algorithms rf'sI)('cti\'('h'. acijusLli)lc-grio 

models have been proposed, and the related en('rg~' consulllPtions llils ])('('11 ('\'id­

uated, The results show that, compared to the minimum ('ll\'l'g\' cOllSllmpt ion 

of the equal-grid model. GA and OTR adjustable-grid models l"('SI){'('ti\'('h" S(l\T 

energy by 12.0% and 10.9% under the set of network and tralls('('i\'(T paullIwt('rs 

assumed, Note that. the energy consumption model considers the ('lwrg\" COll­

sumed in the listening states, which has been neglected in pre\'ious \\'()rk ill t IlP 

litcrclture. 
In Chapter -1. an energ~" efficient G AF protocol has beell prop( )s('<\ ill a l<'d-

(lllgular ad-hoc wireless net\\"()rk. Compared to the lirwill' GAF lllodPi prup,,:-o(,d 

in Chapter 3, the rectangular model is closer to r(-',d l1<'t \\'mks, sllch <1:-- \'. \ \ 1-:'1' 

011 motorw(\~"s\ or rectangular (or SqUCllT) \\rAS.\JETs, In a Llshioll silllilar to 

the llH'thods in Chclpter 3. the author h(1s derived the relati()llship 1)('1\\'('('11 the 

Optillwl transmissiun radio range and net\\'ork traffic. The illlCllysis (If 1l<'I\\'ork 

('llcrgy commmption has been carried on in hot It equal-grid lllod('1 (llId ;Idjll:--t <1\)1(,­

grid model. The results shO\\" tllilt about 78.1 Vt ('11('1)2,\' is sd\'('d h\' \lSill~ 1111\ 

adjustahle-grid model compared to the minimUlll C'll<T).!,\' con:--lllIlptlllll ill Ill1' 

equill-grid model. Furthermore. the net\\"ork lifetime hilS ])('('ll ('\'alUilll'd 1).I~,'d OIl 
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a new grid-lifetime concept in both an equal-grid and an adjll~table-grid ll1odei:-;. 

and the results show that the adjustable-grid model can prolong the net\york lifp­

time by 420% compared to the equal-grid model. \\,ith the node deIl~it\· cOIltrol 

approach, the network lifetime can be prolonged, In this chapter. the l'nerg.\· 

consumption model has been improved by adding transmission impairment~. in­

cluding the propagation attenuation function, loss factor (II = ]. n = -1) dlld 

Rayleigh fading, 

In Chapter 5, energy-efficient geographic routing algorithm~. ORF and OFEB. 

have been proposed to prolong the network lifetime in Cl linear ad-hoc \\'irel('~~ 

network. The ORF algorithm select~ as the next hop node the node lledr('~t to thl' 

optimal transmission range (within the maximum n1llg<') alld tll('rd()l"l' llliIlimi~('~ 

the energy consumption. The OFEB algorithm selccts the next hop Ilod(' (I~ til(' 

node (wi thin the maxim urn range) tha t minimises t he va lllc of [(\ T~~/, - (1- (\ ) :~:,I,~;~ J. 

This node has the best combination of energy reserves and 1)('('( b t h(' minimulll 

energy to be reached. Compared to the existing geographic routing alg()rit hlll~ 

MFR and NFP, the simulation results show that the OFEB algorithm 1i,1~ the 

best performance in terms of network lifetime and amount ()f daLI n'C('i\'('d by 

the destination node. Furthermore. the author has introduced a lllet hod to sciect 

the optimum locations of relay nodes, and has derived thE-' nlllf!/' of 1"(,1<l\' node 

location that result in energy saving, 

In Chapter 6, energy-efficient geographic routing algorithms, ORF and OFEB, 

have been proposed to prolong the network lifetime in a 2-D ad-hoc \\"irel('~~ 

network. The network lifetime and other network performance met ric~ h,I\'(' !well 

considered. analysed and improved, Similar to the ORF and OFEB (\lg()rithlll~ 

proposed in a linear ad-hoc wireless network in Chapter ;j. the ]-D 0 R F algorit lllll 

selects as the next hop node the node nearest to the optimal transllli~~i()ll rallg(' 

(yvithin the maximum range) and therefore minillli~t'~ the ('nerg\' (·0l1~llll1pti()11. 

and the 2-D OFEB algorithm ~elects the next hop nod(' a~ til<' llode (withiIl til<' 

lllaxilllum range) that minimise'S the \'<lltH' of [0 R~:~f - (1 - n) :~:I:'J'J. Thi:-. Il(lli(' 

h<lS t he best combinat ion of energy r(-'s('r\'('s and !l('('( btl [(' minimlllll ('IlPIX\' t u !)(' 

r<"lclH'd. The wcight factor (\ detenllilH'~ the relati\'(' ~igllitic;ll[("(' pLtc('d I III , Il<'~(' 

two requirements. The simulation results show th;lt the OFEB ;ilgol"ithlll h;l:-. til(' 

I>est performance, The network lifetime. the network t hWllghpllt. , hI' 1lI1lli!)( '\ I II 
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received packets, (llld the ('11('1';2,\' c()llsumed f(Jr ('ddl It'('<'i\'<'rl p<I('k<'T h<l\'(' cllll)('('ll 

considered. Also, in this chaptel we illtmdnc('d a methud tlwt can he ll>('d tl) 

select t l1<' optimum location of relay nodes. 

In Chapter 7, two methods haye been proposed t(J achieye ell('!'''\' efficiew\' ". 
mad-hoc wirekss networks in realistic pln'sical Im'('r s('('Il<1ri()s, :'Iost trall>lllis-

sion and energy consumption models in ad-hoc wireless networks ,1SSllllll' ;lll ir\(';ll 

physical layer model.. \\'here the packet \\'ill bp HH)(I: r('('('in'd L\· til<' neighh()lll" 

once the neighbour node is v,:ithin the transmission rmlg(' of t lw transmitter. III 

this chapter. Hadeigh fading alld Lognormal fading sct'llari()s hc1\T 1 W(,ll im'('s­

tigat.('d tu dni\"(' tll<' optilllal tnmsmissioll l"<lllg(' ill ad-h()c \\'in'kss Iwt\\"ork>. 

Furtll('l'lllOl'('. t.he l"('lationship lwtw('('11 the t()tal ('xp('ct ('d ('!lcr).!,Y ('(llISUlllpt iOll. 

tll(' rallg(' of ('<-)('h hop, alld tll(' trallslllission P()\\'('r of ('HCit llud(' has h('('ll d('ri\'('d 

alld aw!.l\"s('d based on different appro,lc\ws in ,Ill equal-hop ('IUi-T()-t'lld llllllt ill\Jp 

translllission llludel. The l"('Sltlts show th'll. two rl'iatiullships d('!'iy('d t hrol J\..',I I 

diff('lTllt approadlt's (l1'(' ('qui\"alellt. \\'hich valici;lt('S tIlE' lll<)deis. 'I'll<' \"('>l1lts ill 

this dl<lpt('r ('all [)(' us('d to ('\'cllll<lt('d til(' l"(',distic S(·('ll<ll"ios. cllld ('<Ill fl)l'll! tll(' 

1 lCiSis for furt h('r w()rk. 

In ('I1<1»ter ~. the ('ll('rgy dticierw\' GAF m()dels \\"('1"(' ;Ipplied in (\ l'l'Hlist ic 

\'('hintl;-u ad-hoc wireless lletwork. The ass()ciilt('d n'hicular traffic is ()hs('n'('d ,It 

diff(T('llt inductive loops on thl' ::\I.J lllotorWc1\' in the UI\'. TIl<' ('qllid-grid C.\F 

lllOdel and thl' adjustable-grid GAF lllOdels which al'<' based Oll the optinml tr;llIS­

missioll range and Genetic Algorithms respectiyeh·. han' been utilis(,d to ;)(iti('\"(' 

('lIer?;y efficiellcy in the motorw<:l~" llet\\"Ork. The comparison l"<'>ltlTs S!tl)\\' t11<lt tIl<' 

GA adjnstclhle-grid model is the most elH'rg~" effici!'llt OIle and Sc1\"('> ~l.lrx COlll­

p;lI"('d to the equal-grid model. wher(,;ls the adjnsT;lhl('-).!,rid lll()c1d 1><ls('<1 (HI tll(' 

optimal tnlllslllissioll range SCln"s 19.:3(/~ compeln'd to the eqn;·d-grid lll( Idel. Fllr­

tl}(,l"IlIOlT. thl' r('snlts show that (l GAF modd \\"ith Ycui;lble tr;lllslllissioll r<lll,\..',('~ 

('<III S<l\"(' about :);)% (,lH'r~y compared to G:\F lllodl'ls h,lS('d 011 <l >t<lti(' tr<lll~lllis­

SiUll j'<lllg('. This chelpter drm\"s the hrst st(']> t()\\";mls buildill).!, ,I S()ftw,\J"(' ntilit\· 

to control til(' ell(,rgy cOllsumed in \"('hicular ('Ollllllltllic<lti(lll. C()lI~('q\l('lIt h tht' 

l'Oll1ll11111icc1t iOll tran::lmissioll r,mg(' call lw tUlll'd h,lS('d (HI t \1<' dri\'illg t ill)(' or 

spccihc \u("nt iOlls of \"('hicks ;dUII,\..', t hl'ir t raj('(t ()ry t I) ~(\\"(' ('1)('1"\..',\' 

15, 



9.2 Ar('a~ of flit Ill'!' work 

9.2 Areas of future work 

The following arpas can be considered for futun' re~l'cn('l1: 

l. The physical layer models illtroduced and routing algorithlll:-' di:-,('u:-,:-,(,d (';Ill 

be used in Geographic Routing approach to reduce the energy ('()ll~tllllptioll 

and to prolong the network lifetime, 

,) Nodes mobility can be considered and improved routing proto('()b (';Ill Iw 

derived to enhance t lip current (,llergv s<l.\'ing prot ()('ob, 

:3, The relationship between node density and nct\\'ork lifetinl(' can Iw ('\'illu­

ated, and node density can be used togt't11cr with other proto('ob to reduct' 

energy consumption Clnd to prolong t 11e llct\\'mk lifet ill J(', 

4, Curn~llt energy saving algorithlll~ Celll he applied to sJ)('('itic ;Id-li()(' \\'lH'­

less lletworks, such as sensor networks and \Tliiculm' (Id-li()(' !let \\"( )J'b, (\11(1 

certain constraillts in specific lld\v()rk~ (';\11 1)(' (,()Il~iclered, 

.-). The current work shoulo b(' utilis('o ill a t('~t hed, \\'hich cOIl~i~h of :-,(,\'('\'(11 

computers with v,:ircless tl(lllS('('i\'('r ;Illd trrlfti(' gell('\'Cltors. Illd()()r cwel ()ut­

door ('xperimellts should be ccuried out to HSS(,~S the perfOrlllHll( '(' ()f ('UtTellt 

energy sa\'ing algorithllls, Also, nodes' mobilit\, call be cOllsid('J'(,d. 

G. Some critical nodes in ad-hoc wireless lletworks (';Ill rw replH('( ,<1 !J\' ll()c\(':-' 

wit h CI permanent en('rg~' sourc(, tu prol()ng the lld\\'( 'rk lifdilll<'. I-J\'hrid 

(Hi-hoc networks are worth~' of being studied ill this C()lltext. 
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