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ABSTRACT

Routing algorithms in VANETS are classified into two categories: topology-based algorithms and position-
based algorithms. Position-based algorithms are more suitable for VANETS due to their scalability. In the-
se algorithms, the nodes obtain information about their neighbors using Hello messages, and then based
on the information obtained from the neighbors, the next hop towards the destination is selected. The Geo-
LU (Geographical Link Utility) algorithm is a position-based routing algorithm in which nodes collect the
information of two-hop neighbors in addition to one-hop neighbors information. In this way, they expand
their local view in selecting the next hop towards the destination. According to the information obtained
from one-hop and two-hop neighbors, a pair consisting of one one-hop neighbor and one two-hop neighbor
is selected towards the destination. In this algorithm, among the candidate pairs, a pair is selected which,
while having a shorter distance to the destination, has a better link quality (a link with a higher delivery
rate) and more bandwidth. In the Geo-LU algorithm, one of the most important challenges of VANETS,
which is the short lifetime of links due to the mobility of nodes, is not considered in the selection of the next
pair. Therefore, in this paper, the efficiency of the Geo-LU algorithm is improved by considering the life-
time of links when selecting the next pair. In this way, the proposed method can perform better than the
Geo-LU algorithm against the mobility of nodes and the loss of connections in VANETs. The proposed
method has been simulated using NS2 and several experiments have been conducted to check and evaluate
its performance. The simulation results show that the proposed method compared to the Geo-LU protocol
in scenarios with different density of vehicles increases 3% the packet delivery ratio and decreases 6% the
end to end delay. Also the proposed method in scenarios with different speed of vehicles increases 5%
packet delivery ratio and reduces 20% end to end delay .

Keywords: VANETS, .Geographic routing Geo-LU algorithm Links lifetime.

This article is an open-access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY)
license.

Publisher: Imam Hussein University © Authors

*Corresponding Author Email: autcomp@yahoo.com


https://creativecommons.org/licenses/by/4.0/
https://dor.isc.ac/dor/20.1001.1.23224347.1403.12.2.4.4
https://orcid.org/0000-0001-7032-8528

A\ ‘Sl g (S Sl uidlay
e
e sy FI-OY o IFe¥ ylawnls ¥ o)l (m3 3198 Jlw

g R — ol
4 o) pl5 L 43 Lign pos Jab (338 55 a3 50 b Ge0-LU (s gwund o 55531 3 900
29999 o S ASW 4O wado Cwow
"5SS Al e dame T Ol (5558 L)
Ol O (ool 33T ol KEils (ol g Aol ¢ 5 el 05,8 (Sbaliad =Y L wlid IS -
[QARA VAT ZA RIS+ AR £ yRYNA R uERVURVIR ) VR ) EEERPS 31 PP b O R VA S RN VIR

https://dor.isc.ac/dor/20.1001.1.23224347.1403.12.2.4.4

@ G) sl 00 & 345 Creative Commons Attribution (CC BY) jzee asleds g Lol oo aS sl 031 s s by allie 5 allie oyl 5
- 3 s () o plal gol olKitils £ sl

ol

Coxdge p (e Slaphe ;0800 g 5915095 2 (e Lot o8l dws 90 4 (29,095 G LBASED 0 (2l e Lo ;¢S
uul_wl = O 9 A_:)ji‘fa Cewd ‘) é}> uLi:Lm.mb a -la}l),o ULC>U0‘ He||0 6LB‘BL,..> )‘ a.}Ln.A.MJ‘ l.a Lam)f pr.u)ﬁi” u.z‘
Geo-LU(Geographical Link 651 .05 o olsuil aaie Caw 4 gom o5 (Sl 51 oonliwods Sl
CJLC)UQ‘ 46Alj s_i_x UKJLM..AA uL_c)Uo‘ = oj)l_c L&bo; UT )é as w‘ ud_x_‘)?.a » Ls._._..o ‘sxl.)).,.m.n p.._:)}i” s_i.’:’ Utlllty)
IRWESL IO F ORISRV PECUNIP VPR CHIPY L E] B PR E PR I S0 FUIPIRCEL gUp-S9N KX S UC R RN LIS LY IO
So g o5 SO Llen SOl JSiie (g5 A e 0 50 (o5 50 5 o8 SO e 1 ool s as Sledlbl asax g3l
isls fremd a8 08 co Ll 295 (M alS slazs; G 3l sl cpl 50 0sd so Bl lake o 43 (5 g0 Llucan
255 S 55 Ceal 1o, VL 5 o LIS & Loy 658 sae Jobo 45 23,055 ot 604 Lo T35 o ot 5| o5
5 leassn e Jobo 28,5 las o L Ge0-LU ooy )68l o115 allie ol jo 1A scanl oois a8 )8 Hlas ;o (gow pl8) o
algi oo oVLasl ekl g (G3slnsd polae Dlyesd hlie ;o oleiiay b5y il 05d e 0015 d5utr o ) Ll
goaxie Slislesl oo (g3lwans NS2 1 oolinw! b (solputn by, .abb arils GeO-LU o0 ,6Sl 4 Ca (5 g 0, Shes
Vo ialS g iy oot &5 go,0 O iol8l cely dag 0s Oglace oy b ologs lw )0 uiomen 5 00l Lol a4y Ly

Do oo Lol 4y Lol )ob Gdo,0

Ligm yos Job « GEO-LU (o joSl (2Ll 12 (1l yano (529995 (o (soaSuls o lgunls’

LS glaasly 5 (V2V) SLbl glagogs L bLs,I )85 doddo -
ol 6ol 3 5 b lag,0e VT (V21) wils 1, (WRSU) (glosl>

s 2 1, ] sl 5 (6 IS ST 23 lSel bl slp VANET (5,055 o sloaSeds 3! Gl Job o

) | . o g c .
S5 S e 5 ool ol Sgt sy 9lg5 so 5 29 oo ) 6ok sl Sl Gllee (o0)5 e 5 odla el S5

. . . & . 0‘ >
o I¥Tacsl el Jo 5 slools S slassly b 008 L a7 e, Ont slasied g2 Ay 092 4
sy ks 5 LS o5 o L & e g o9 s cslodSt lls 5 wiwe AU 3 OBU wile Sluas 4 e

MCL) as w‘ CJ‘) 6‘0&4& lib.bs.u rﬁj‘JA eSS ng)}J}:y

autcomp@yah00.coMm :_Jgius odiny g aslilsl, *

2 On-Board Unit
* RoadSide Unit 3 Application Unit


https://dor.isc.ac/dor/20.1001.1.23224347.1403.12.2.4.4
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0001-7032-8528

1Fe¥ o laaali oF o lods (@m03190 Jlw 6y lw 9 (Seig Sl widlay”

Y

Al jelatedy ylaame lawgi ouls plil slo,lS 5 o iagy
90 ol 69y 2 VL DL L bl (ol sl S5
O &S St 4 b ey 5l Sy ileads S eie Jes
Ol?u‘ MLA) A.»SLSQ OL’Z.)‘ He”O 6[.&'5[.0 g.:ﬁl.a.uo 9 6‘0)5»)
00}5 L)")L 9 wlwlof (a8l c.’l.odo )] 99,852 9 gS.d‘f
Clodiny iz 13 5l (S sl b oo ool &1L G ol
oolsd cpedd 4 la g 5l S S [A-#] asals Hello
5o Y] Geo-LU b jee o, [V V-] ilais s 5
O aSed sl oad W) oLl (ol e Slagi ;5N
9 osl p el S50 oSl Gl jo &5 Cel (09,095
5& ul.i:‘w ukm‘ )‘ LSAL? uS) uli)w ULC)UG‘ » 05315
&Muw‘dbbbﬂfb)éjw@obw‘ﬁwg
slp om ggy Oleea 1) oS 90 sam B Glyiews o5
oS o slra oo lea aiS o Sbl dake 4 o,
et pleea am o) Olsied 05 99 csom o8 (e
bl 5l solitul 09d o Dbl daie 4 Tawe 3| e
Sledbl 15 0ed obpwse oSles Sge 4 e Wlg
Gon pl5 Ol 5 ol Slas S el 5o (5 ey
7569 he?S E5 Sy 2 SlFer 9 0pS (o0 B e3liiuld)ge
o 5l GEO-LU (o8Il ams sgue 1y Ll 5 009 5105 ,56
dads Ceows 43 Gam pl8 lgiedy wiles o a5 WlS slagzs;
6,5 b 6ymeS Alols a8 Wi e Sl |, ey Sigd ol
Qb sl g 009 (Sye Ngw oS Lgl)lo @ldls Jaie
Al ansle (g i suileldl
z9; Bl o Geo-LU iy oSl ais o)Ll a5 jgblen
5 Ngm CodSihaie b alolh (uuils slazs; w5l o
XS o A1y (25 5 955 om 515 53 1, oailacdly il sligg
OoYb b sl g New CcuaS ol wasgl oS
3 Se GeO-LU o )6l jo Jg all ails 1) (gaesgm
re Job &5 (29095 Gm et Gla SRy (r e
ul;v.u‘ u.u‘}ﬂ o | (L&:c)f Oo9 cS):Luo J,:J.) Q) Lﬁ:».\.a}:.a
Sguty Ban allas ol jo 1A gl ad 48,8 Jlai o sam 79
3 iy yoe Jsb 5,5 k5,5 | GeO-LU o258l 1S
@B s 7oy Sl o kg ee b (28,5 k050
5 adb ol eSSz as als o Geo-LU o 63!
PS5 A Glrh )0 eizmes 5 a8l oS sy jee Job
S i g2 E5 g b Sgnpe adl ol Al o oS

e g ool azlge JSie b oo S (e Sledlbl Jols 095
53,5 Ll 4 il o3l olonl b g bty (28 ,005] &
laaSed Gal o Oeizes 058 wake 4 Ll (o 50
polas ol caely wilgh oo b (STpil dilu,y dgazme Wb sl
Ol g il iyl 4 mie 5 ool ladiey 0,555
00,5 il & ol o5
(29595 O el loo )5 el jo aSl e gils
g o0l Jluol Laseine (59,995 o Bk Sl (slosls a5 el 5L
s SLoSSgn (b 005 il )5 wals 5,995 Ly
oo S Keal @jg by Sidng wlgn o Glabl LB
hlo WK Sl o ], sgame Wb by ¢ bl oYlall
el (53b 5 Coonl
O SaaSed 3 ol &l b e slapty ;551 IS sl
SlodSSsn 5 Sidng 2 (e GladSsn Lwd 90 4 (939>
SladSSgy 58 Wgd oo nppamd (2L3l5a) Condgs p (e
2 J8 5 oS (e s MBI Silngs n (e b
Tane (o g9 51 (SIallin g Wigdigo 03 (ol Jghiz
s SBJSSgp (Jlie 10 digd oo (pess J3 ) ale
oz 5o J3 5l a5 Sledlbl 4 ainly (Jndge b (LSl p5
aaz il (oo Wl o 5 W 922l 00 0258 (ol prs
el (wloe Caws a4 GPS 5, 5l 45) o5 o Cuxdse
O el g dder Sl cnlpl Y] oS
st bl obee GlodSSgn xS0 plnl lpd
5 olnn e Sledbl b aKs GLE 51 LlS Sledlbl
iy Slr g 009 gy G pdobiie s I S o
10-F] ssen jslio 09)095 o sloaed by
Lol @ldlie ol e SladSSgp 50 &5 Sllee
ol 2D Wed (oo e ot A 0 90 4 Wigd o0
318 (Ko ad> 5o 93 (ol plaml (K95 b JSS5
Sl Wl be oy
obateds LS ol o, S 5 a Lawgs Hello ol sy )
5055 Solen LMl 4y Lao, § il ws
Lol alal 3,5 o plosi] e a0 13051 cssdy
055 Blawer 0,5 ;o Hello slasly 5l sanlcassa
5090 oo s s Lyt 51 JelS cledbl § suslits o
o 4 (g plS Ol cg odelcawsas Sledbl
WS oo oolainl date
5 ols Cnl ol igam ol QL) (sleB g sl pul Y
o s e L o) ol e Al e o 50 a3l !
Lol ubsl D] ] 39 o D] duaile Cans
5,5 o plzsl Hello slaply 5l soslcssa



fr 555 bl (oo 5 iy (65588 Al t (2195995 (ot SRAKD 50 Mo Cann &1 gz 18 kil 50 Lokigey yoe Job (38,5 i 50 b GRO-LU (ol ymans oy 5501 09t

Gy Jlhde paS Gl a5 WS e obkil gum oS

o3 51 S o 5l FWDmesure jlode .ol FWDmesure
B9 oo dmlore 3 alayl sl eslaul b wyails

FWDmesureV, V; /4)=FxUM {, V; )+

A-p)xLDB, ¥, Vi)

oasS Jloyl 0,5 Vi wate 0,5 Vg alal, cpl o

M

e e sl B gom ol sl walS oSV )l
ol oad eolinul lajlae 5l Ky e g )05,
wazgl) Vi wals oF Aol I g ke UMY, V)
Sl Vg daio 05 a3 S (O] 25 2 g 5 (b CnaBse
LDBy Vi V| ) ool jp a3l (558 sas 8 g
LVin s Vi o) Gm s Nom Seslas L8, b
G roS e 08 ja S Ky 5, LDB e s oo LS
L LDB| cal U S 0g cuslio goosms lad ail

gdss a0 el 5l oslital
LDB, ViV ) =ETX ¥ Vq)-LTI Vi Vg) 4P

oF 3 Vi ol JUl o8 o e S ETX,,
Olas asl (5yeS sas a8 a9 W e las 1)V uils
Glp ETX 31 Jle olgieas ol Qg jign cuinS (gooins
S35 jgee S 5l Caddge b wlgn B oogd Jloyl S ] o
Oy S8 & gy b sl e sl LTIV V)
o ..\4944 OO wl.uo (LoD ULAAAJ ..\.M:La
Ll gl [Ge0-2h0p T ] oLl i (ol es SS9
UL:)'UO‘ LGAlf kSJ ulixw ULC)’UG‘ » Dj)LC (GO ‘Blf
5 eptesdl onl 5o 058 o Sl o 5 1) (S 90 ilean
G S g 05 (laied 05 S OBl gl Al e 0
30 0l e QB date G 4 sum zs) Gleied o)F
dais B onilandly Aol L wate Coow 4y (s0m 7y o]
Sl gan ge) bl e p g 9pS (o0 B Az 3550
G0 Jhxe waato b alold 5> 4y o3 )65l cpl o 09l g0
DS o )18 e o g Ll
ailes  «Geo-LUNVY]  oldlis  obpe  SSgp
SleMbl s 0gdle (s plE Ll 5l (Geo-2hop o 55!
S e ]y el g0 les Dledlbl ( W SO K Lo
G S gam 08 Glyieds o)F o Dbl glras 5 9,5 o0
Ol 5o S oo Sl date G 45 (gom zo) Gl 1y oS
Aold 5 ogdle (ale o 4 (G g LBl Ho (i 6N
LUILINK ) &gy (gaiesgu pb 4 (5 )bae chaio b onilondly

Sl g5 g odd dewlne WalS slazs; sl (Utility

b 2ol Lol 4 el o3l 5 o
i Lansgs o bl (sl 15 51 (glasdls ol aslsl 4o
O saSed o bl b lap oSl 89> 50
ok GRO-LU (o 301 Y s jo el oa 0051 (09,045
Sorte Sl ool Ghsy F it 50 0ediee (o n B
Dhgy B R 50 wsdiee edls b Geo-LU 65l
anlyd 5l eolatul b Geo-LU o )68 vgue sl (golpin
Syg0 it Ll s susie Slaglejl ploxl 5 g3le 4

25850 513 2Ll g omin
b yo lagimgyy -¥

bog oad bl Gla)l5 0o dpee I laodls ide ool o
P QW) Casde p (e Dby dine) yo liEe
el 0 OQ)BT ‘5:5)55? O LngdS.A.w

e SS9 sl 51 e GPSR [Vl sy
QLC)U&‘ )l oalaw! l; 9 wl oo; RS ‘) 6)5.‘5.)9) » ‘SM.,.A
SeS L (oS ol Cuslse wSl) (25> 5o
‘) ‘ssl.l).o...wa GPS LS‘LQO&M.;Q Asle g_)l.vg_,u.ﬂﬁj.o LgL‘bfV"“‘“"“*’
Surdge ol gan o JSS9n cnl jo o e el
Ghls a5 WS e Sbl sam 5 leea |, o5 GPSR
ol e 4y 6 5 Suop Alols L Tase 51 5,90 dlols

KF- a6 L GPSR 65 51y so9mte [VF] o o 1o
5 oslixal b o909 o o] j0 a5 cwl sal &) GPSR
e 1) GhogS Kled Cuxdge el Ky LS o 55!
(oS ST $ 5 A b S oo O 558l cnl 0
ardge Sledlbl s L L |, Hello slaply isy il 3
S0 als

5 laiges GeO-CAP [V o] Lldlis obyens o ,sSl
Slyeds yig 0,5 Sl b wiS e (3O oS el e, 55!
Bl b i, ol ams ralS 1) 5 h g ool sgme 1)
loo )5 5k St & @890 0 25Ty 9 Sbebl LB slanisy
) alean 0,5 cpygn &5 oo I ased Lyl 8 &l s
Ol aS) am il oS Ol ol s jo g0 B8 lgieay
e ol o olii Gy boamlie o> ol
Loz b,y ol l aslol [ I cel a8 3 513 oolaiwls jae
Dgud g0 0310 Frdgl (6 ik

Wdads G 4 gam a8 Ol jo (Geo-CAP o3l
dwle |y FWDmMesUre laie cuuils slao 5 51 G o 5l
Olgieds 2l gloe,S o 3l 1) (0,8 ol el g 0 0



1Fe¥ o laaali oF o lods (@m03190 Jlw 6y lw 9 (Seig Sl widlay”

¥¥

iz e S S [TORVIA] 2, 55
@wlold 5 ogdle wate Ciows 4y (g pl5 Ll (o a5
5 ot Sloiel pb 4y olojbas 51 Kiluos co o 5 Cq
ol a8 o oolainl 5 08 2 (gly ond drogs olexel
JEl &5 5l ead apog sleiel § puiins slozel 4y bgy e
sl as Slee,5 g anl oo covs @ oS o vy o
St oo o1 sl slesel jlme axil VL JUl &5
ool ate G 4 gam a8 Sl o amas ozl
Wyl asobsl gl (s i
S e SS9 o [CDM-GRPY -]y 55l
S aSed glooyis plolids oS ol Cundse p (e
oo & (G 0,8 QB o 1) Wsmy s 25 9 AL JLal
R Rl e e S
S oAl 33 ol e laei oSl (gm0 51 (S
3 el (G s g oS Slulis 5 AODV 6l 4 (69,50
ooli oo S wisSl ol o el ol oolial aSid
Cooms 4y (g 0,5 Ol 0 U Wl oo B> g olulils

Geo-LU (v, 32 55950 Y

e e slapi el s ol o)Ll aS ok len
J=lre ot ) (2 (295055 O S1BALD 50 CoaBge
Ol o aiws Jlow I b casl aylican sloo )3 0 5l (2,5 Sl
WS oimy oL il e ol & sl 45 5,5 ool 0 5
1y o a5 ol Calbge 355 dygiay b oud Sl 0,5 095 o0
S duafie 4y dan B 000 aslol |, Loyl o189 00,5 Lilses!

@l slapysll 1S Geo-LU 55l
A Sy lean L]y opdle 45l Ll ax
sl g ad 3 i o 15l LB g Klees Sledlbl
)05 99 5l dSie o5 s egom o5 Glyiea 0,5 Sy Gl
IS s ol e s 4 lnity JUi (o1,

Sloslital b (Aog> Cundse 5l 03 po oS Cusl (nl (558
Sbole Sleas 5l oolatwl b date cusxdse j pizen ¢ GPS
Wolie oo 311, ool 5 ol Dol oo 5 ] ellae
Sledlbl 5l 6,8 s plpls gl o caws 4 Hello slaply
Nga SleMbl 5 Ll Cosdge alox 5l 095 (o5 o Solunos
0 o Bolan Sl o jsliansts gl bl e allae LT
395 o5 Sy o Kolen 5 a5 |, Hello slaply o5 o o S
Uity Loog> a5 Hello slaply J5bs jo wuS o 2l
& g a5 HEllO sloat, dlogipy amoso )5 a5 o
B S Rles Sl ogdle 35 o 28l o8
ALt e 3 wolS 30 Eslean Sledsl g5l

shls a5 oo, il yiiy guiedsw sl a5 0gd o
WLl (S Ay ST 255 i Wb sl b plavisn
B¢ dalgs 6 555 Jlade bl glp (Mg (soiedgm) LU Jlade

ailgs oo 4 aste Jelge 3 GPS 590 ;0 [0l a2 5o 5o
g LT Copnige pMlel o U cely 5 anil iS50 T (e,
2 SerBge gl S ralS ol egh cpl o el ond oy
ol oolaiul ol il anwgi g (pellS 2k ) ol e 59,
255 plol Ghole sl Jlax b (2l e b o

bl iz ol e S5 S M-GEDIR[A] (2,551 5
ol e calends sl som pl8 bl gl o le v
JES ©p08 aile alo el (o a5 Ll (6l o )55
ot igd oo 28,5 L5 50 Lagpog3 eunl Condge 5 (2845
B e T Al UL
QS oo ol ,S085 L Hello glaply 350

DAL b aldlir olmesiz  Ghyms US55
Sl oS Cundy 5 o515 S slalre 5| AMGPR
Sl 5o S e eolaiwl ol s aild s sam a8 Sl
L1y iosr o S JRleen 05y T o5 (i,
S lied S (0 e 0ud S5 (sla el )y 58,5 050
3k ools oS gam oanS Lol plpreas 59 Pl b (o8
g ge Dbl g Jlol ol Gk

5 odwlcawsdy Sledbl ulel 5 «PGRPVY] US54, o
syl sl o o5 Hello slaply 5l eslina b o Sslen
OresS Aol slalne 5| SS9 (ol 09 e I Ladinn
P Bl sl o )5 oS > &gl b Sy 5 dalie B odd 035
S (25 (Bleod (o 5l e inl a8 e soliiul san
il ansls waie U 1) g8 5, cga ST g alols
Dgd oo Bl (sam o5 lgica

@bz by o) S0 REMR VAL S5
ooy e opmge UM 51 gams ol il (gl a5 o
8,5 k000 b aisSI ol S e sslinu] alees (slao,S
bloy ood Glacasdse (oualil Coadge g alols CledlL
ORles coifinl 5 WS oo Srmiin 1) alees 4l
ol S e Bis gam a8 ool cund 1T, oLt
ardge aile) adi blus (5> SleMbl 5l 6Kl
S 05 b oS oo ooliial (88> agly 5 e D
S Dbl walie Coons 4y ay Lol sl s o Glgica

eldliz ol S35, 3 DABFSIIN 63!
s &yt Jlo)l Sz san o8 Sl (gl a5 ol
SpS oo A o ]y oS end galold § CusBge (g hale
Sl @b ) 6asre g slade slaply WS (o0 I

Ailo g dealo 4y leg g e pw 50 (g B8 o s



fo 555 bl (oo 5 iy (65588 Al t (2195995 (ot SRAKD 50 Mo Cann &1 gz 18 kil 50 Lokigey yoe Job (38,5 i 50 b GRO-LU (ol ymans oy 5501 09t

53510 amsd & {FCShop1(Vr), FCSnopa (v, v1) }
N U"_,u' )

FC ‘.S"w'.,,| (1'.’ ) F( ‘S),,,._-.jh./ v, )

v

Fcs,, |\(1'_; ) FCShop2 0y )
GEO-LU ool 1o Vi 0,5 olf 50 5 oolf Ky cslaloyuils” :()) S
P ly 2ails slazg; (V) USS 0)50 p0 Jle lgieas
-(Vj Vi) s (Vi) olasle an
Sl () wsan o8 lp 2alS lazs; om
k4 3e (n eSS Ay B oS 39 o0
cost, (Vi ,Vy)=Dis (Vy Vg )-LU (V¢ V) @
vzl (V) zo camie (8) Jyep aaxgl
Link ) (05 arde (lie eizead gV 5 Vin Om bl
Gos  Ogdice  dumle i, .vy) z95 (Utility
O Aols ;08 0 el ouls 53 awlsl o LU 4 Dis (gawle
Vivin) @os ond Dbl Jlasl ail meS vy 5 Vi
ViVin) 29 LU gopasie (i 08 52 sl oo (38l
g bse G2alS (COSLV; Vi )) zss o anse il i
bse Gl san o8 plgiea 95 of b ol Jles!
o P g0 Lluwa o alol Dis(vy,Vvy)
dnle ) Ojgar (Vg ) dalie 9 (Vi) @)l sauS Jlo )|
11 Y] 555 o0
Xm =Xg)+(Ym —Ya)
R

Dis(v,, ,vq)= *)

Wi Vi) z95 oop dsbe oo a5 (LU s vy,)
Dl oo Cawd 4 ) sl 5l oolal b amo o Lt

RBW ;
LU (vg Vo )= ik
Quality jjny
A5 Sool ouilodly ail slgy Hlie RBW iy 51 j5lae

)

aolss i 7o) 99 Sbe Gl ABL 65555 Jlake a8
)‘ oolaw! l; (Vi ,Vm) .A.;.A.:Lf z9) 6‘)‘:‘ RBWlink D¢

:.).i'lu;o Cawd 4 5 gl

RBW ;= min {RBWVi RBW, } »

saie & Vi(K) Towe S K & canl 18 0 5,8
eyar 0 B cwl oY jekite cpl lp wei Jle,l Vg(k)
(an pl5) 05 Jlo)l o] 40 b d &5 (g0m 0,5 Sl
by | K s a5 25 op 31 0gh plol (605 paouas
0,8 s plxl (gam a8 Coows |y Jlojl b g canl 00 S
OHgo A g gl odual kK gan g l> gous JLw)‘
oS Jlol 0,5 Joe 0,5 luil )5 39 oo o3ls les Ve(k)
al VE(K) b s>
ol N(Vp) &jpe a0 Vi (5 SO Klias degacns
L Ll dlols a5 5 O olien 51 atws o] 09 o ools
Gacgezma ;0 Al daie L VE galols 5l alsS caaie
oals U’“‘JL“ Ry Sy g g\ajj‘sn )‘)5 u;alf SSJ LSLQ‘A.N.\J[S
g 50
FCShopa (Vs (K)) = o
{vi | Dis (v;, vy ) <Dis (vs, vy ),V; € N(vf)}
Snlf s.i) Lng‘A.L..\.:ls Gdfgoto 4O Vi Jle 5)0? u_i)
S1esls 3 Vi @l eass Jlol 5 (FCSy o (ve(K))
Gyl 00t Loyl ol 5l iaS Vg dadio o) b Vy alols
Qb Vg duado L VE
o VE(K) o5 5l (S5 93 (Boluan (slalayails degorns

Lo Sl ).3‘).3 9 09...»(54: uu).u FCShOpZ (Vf, Vi) S y90

FCSpop2 (Vi vi)=

Vi | Dis (Vi Vg ) <Dis (v;, Vg ), )

Vi € N(V;),V; € FCSpop (vf (k))
30 OBluor glaluuils dcgazme 0 Vi (59,095 S
S luails sacgoze > Vi 0,5 STl 13V 8
o sl asgeme ;3 23V 05 5 aib Vi o5 5l

asb vy W8

Se sblnals gasgerme (Hleos acgoars (1) SO
peal & Ve 08 o5 g0 bluuls sacgome g o
Sl V) Y aesame (S8 pulal r canl saniS
5 Vi oS (ol 90 slalaals g wa Vi o8 (5SS

R ) S)90 4

FCSpop2 (vf V. )z {Vin }

FCShop2 (vf Vj )= {Vn}

‘FCSWZ 9 FCShOpl Qo)ﬂ Cawd & )" S Vi a)f

Spar L g p8 a4 bae b



1Fe¥ o laaali oF o lods (@m03190 Jlw 6y lw 9 (Seig Sl widlay”

¥5

2 058 Ll 4 sl 5B el 5wy oo £ 5 25
O 9 09...:‘544 Ajl)‘ l.a:.).;9..; oL J}.lo L&L?LA 352.) ‘M‘ dalol
35,5 oo 2ol iy o s (55,5 5,3 g wis3m b

(LET") Wigws yoe Job samwlxo N-F
Slaise b R Jlasl gle s L j 5 (59,005 50 0S5,
0,6 sloasylygs),si e, X yj)s(Xiyi)

Ol oge (nl o e oS> o (V) S5 Gillae
I¥v]a s aalne (Vo) Wolas ulisl o 1 LET;

Node j
(XiYi)

Node i
(Xiryi)

CS o gz g Sy eSanBya b ] g1 slwe 30 (V) S0

(@ +cd) +y@2 +c?)r? — (ad —bc)?

i~
] a24_(:2

LET )

a=s; cosdj —s; cosG

b :Xj —=Xj
¢ =s;sing; —s; sing
d=yj-y

P S PV gV o) 90 a8 oS (o3 S 1>
S8 Bilhe) wites &8 > J p0 o555 L Gl Sy ok
Jes @) 25e5 i 5o 1y o] X Coadge Laid 0,5 j (sl 5 (¥
Juisl gleds R 4y s ol 550 5 b (Ll (258 0992 o5
Oypar g 03,5 Gile esle 1) (1) o B pulyiee (lao)S
LY sz V) U502

ATt Sy 5 CoaBga b o)T 50 8 > 1(V) S

—AS.AX+|As | .R

LET (Viij)= (AS)Z an

* Link Expiration Time

el 0 03,51 VY] 0 Sid S0 (g0 RBW dcaslono 595

Jil sl 5l 350 Slabs slaas Quality jiny 1 jslase
WS e Sod Gl Cadbge b wilgny B cenl ools gatn S
e ol @ sl VLl Quality iy ST Jle olsiea
LS Sd S ) s S el caibge JUal gl oS ol
Jaie )b g0 aey Wl aab ¥ osae ol 1l B s
e ja8,0 plply a8 Hee ST 5l CuBidsa b wilgn U og
e CeaieS oaams (lis w6 eS sae Quality jing
Jsed Gllae Vi Vi) zs5 lp San coiS ol S
LoaSVig Vi om Sem S5 gsexe 31 (D)
ETX ¢ Vi)

LaS Vi g Vi Om SNgm CoaS g 9gd g0 ool ol
Gogms ol e Cawd 4 3gd e ool GLETX (V)
el 00 03,51 VY] & o 50 gy o (sl ETX aclons

Quality"nk =ETX (Vf Vi )+ETX (Vi ,Vm) Q)

Geo-LU s ;951 09ae (51 (s0lemions 09, —F

deslxo ;0 GBO-LU (2,650l s ools 7,8 a5 jebjlen
wade b ol lie @y crye LB 5 laggs lp anpe
g o,S oo sk jo ), S coas § S busladly Wb sl
03,5 awle wuilS slazgy sl 1) an 3o (0) dlayl, 5l oolatnl
S oo SN ause (n S b (75 9

oo )5 S o5 oS (09,995 O SWaSad (S wazsil
5 23l (e o) ond DLl 29) B 358 Bl Sge som o)
ot Jsb ol Sigey gme Jobo 3 35z 1y S IS
)‘ L VoW JLMJ)‘ 9 0.55.3 J.Ala \.\Jj.'.i L g5.:[.‘0) Ol ..\.19?:
Ot aSed AT ez gl 0pdy Oyse Wi ol Bk
Ngn diiand 395 (SGlngi 50 @y Sl hlo (229,09>
cosF Sl Gl gt e gl 5 Se Syon oo,
e Mg oo 2Bl i jee Job b slasisn gl o5 b
9 A J\J}?u C)J 9 ol Geo-LU W‘“’)}i'” é).i]..o.c Ogaps A
s nals 1 Ll 4 Ll 5L

sGeO'LU M)sf.” u’a‘)w OW L;‘f LSOLQK""’"” d;e) ).)
2 U ogbige 3)ly COSL ml jo 5 gy yes Job 9251
w85 Sl 0 5 oS S8 S Jlsam gy B
50,50l Lol azils (g e bl wilssy w68l 9 090
3 ohugdy pin,edl ohlS COSt Al o baaigy jee Jsb
J.)l)‘so S g J...uLl dl)) Libo)f J)?u CE as @L‘by)la.m
el Copudy baigy ol ol oS ce a5 )l s o

e &lg5 oo oo jee Job b lanign bkl g wigd oo



fv 555 bl (oo 5 iy (65588 Al t (2195995 (ot SRAKD 50 Mo Cann &1 gz 18 kil 50 Lokigey yoe Job (38,5 i 50 b GRO-LU (ol ymans oy 5501 09t

RYIKRPESN Hel 1 0 gloains as gosas ol
@oloi—iay (hg; 53 s gy Pl e by e o 5Kl
g2 waly> 55 O)g0h

Algorithm: Selecting Next Forwarding Pair

forVv k, that v¢ needs to forward it do

Y Get position of vy using location service
¥ Cost i, « Dis (vf Vd (k))
f NextHop «— V;
5 for each node v; in FCSpqp (V¢ )do
2 for each vy, in FCSyqy, (V¢ v ) do

cost (V; v, )=
Y

Dis (Vp Vg )= LU (V¢ WV )~ LET g
A if cost (v; v, ) <costpyiy then
A COStpin < cost (Vi vy, )
Ve NextHop «— (v vp,)
R end if
\Y end for
Y end for
‘¥ end for
\o end procedure

Jlw ¥-¥f

ViVm) lwsls slagg; 9 Vg 9 Vi slao,s «(F) JSo 5o
Slade Al lp p3Y Sledbl ol jen 4 (Vj Vn
Sl loass e0,5] walS slagzs; 5l S e (gl cOSt
u;),.J LJ 799 03 ML?!A Lbcs) )| t..i: Prd 6‘/.: cost
g Dis, V) =7 jlade ogb o bl anie

el 00 w;}.]a.u)a DiS(\/n,Vd)=7

RBW =4
EXT =1

RBW =5

RBW =35

EXT =2 RBW =4

LET =09 EXT =2
LET =1

As =sj -s;

AX =X | —X;
Slatie L Vi oF 10N Jyop b Jie olsieay
530M/s e LV 5 10M/s cepw by X; =100
g 9l &S > o p0 Cur S0 X =200 olaise o
s Vi oS 55 Ojgo onl po il e Voo bl Jlal gles
5w g il e JUal elads )0 aily 0 a8l O Bae 4 V

As =20
AX =100
LET ; v, )= (-20%100) + (20 x 200) _ 2000 s

400 400
S Mgl pee rQ.aslgvjjvi sy ST e ey

sl 0 09l Sj10 9 Si=30

As =-20
Ax =100
LET ¢, v, )= (20x100) + (20x 200) _ 6000 158

400 400

oy b #Mol Y-F

03l S5y COSTV Vi) anie &b solpisn (og, o
9 S alols podle 5 ladigy jee Jsbo U 0gd o0
IS Ay 9550 om ey KL o oS ik sl

g oo 0318 S ) D jgody A i Al 1A w0 8
cost, (Vi V)= o
Dis (Vpp Vg )—LU (V§ vy ) —aLET pgy

LETpair =

0
min {LET (V4 , Vi ),LET (V;,Vin ). 2}

Vi slosS G ism yoe Jsb pgerioe b pln LET pajr
AV oue sV s Vi slao,S G Sg yes Jsb s Vi s
sleply Geo-LU w95l 50 aSl waz gl Ll ouls azd 3
4l S o 5l g wigd ce Jluyl 4l SO Sl slee;l L Hello
OY) Jse 10 1 058 o0 b, o Kluos 5l 59, 4 @l
oo W7 el oas Sgdome 4l ¥ 4y LET Gy Jlaie mSlas
Sygo S Sgdiee 4,5 L 13 Sy byl a5 cl LET 56
Sl il L el 1 T Jlade oylgs o gy
ol 5 bSid sl LET fslre b soloiing (s 50
lows Ltl38l GEO-LU o )68l Slawlxe (Souzy aije &b
yoe Job il cyz jlis g0 Sledbl puioran S el
oo, aBlolas (g5Ls g 93,ls vg>g Hello slaaiws jo laaign



1Po¥ Qlowali oY o)lods o03190 Jlw (gl g (Sonig Sl widlay”

A

Oogod g 085 Camdse (g lwand o glaml jo .l ous
g 0e5 oS o (g 5lwdmds £g0i b g ol ouls Sl dolas
el p el STYY 650 50 lag 095 Lo s 39800 €9,
S s polie (V) Jguo ol yuxio el p jiegS £0
ol ) sileand Glasall oo g slp ond axd S
ol GPS 05,5 45 gm0 0,5 1o (silwdnd Job ;o 000 oo
o‘).o.ﬁ L w.i’ld.ﬁ ))QLM 9 Cwl 00l )‘)i: )Lg \e w.:Lo)T R

loads 311 720 bl 550

Sslwand Gl el )b :(V Jguz)

PARAMETER Value
) ) 60 to 300
Vehicle’s Density sl o5 liskes]
Simulation Area 5 x 5 Manhattan Grid
Wireless Technology IEEE 802.11p
Propagation Model Nakagami-m
Traffic Type CBR
Bandwidth 6 Mbps
Packet size 512 byte
Transmission range 250 Meters
Simulation Time 300 Second
Queue Model FIFO
Caching time 10s
Maximum vehicle 20 to 100 km/h
speed 9 09,5 Sligles]
Number of Runs 10
Hello Interval 1s

b byl sbslxe Y-

Sl b ol dlie 5 goliiiny (g, (b)) psbarens
5 dtws s Fp slo,lre I Ge0-CAP 5 Geo-LU
5 Gy e dalol o el o soliiul Ll 4 Ll 3l lavsie

el 00 53 Jlina 98 ol delone by

4 8 ot s S (PDR) dny J19% ¢ 5
aS @Lﬁbm £ Slods ;:éli)o dalto o)f Ja..wy oo )s.lo
wloads Jlo ) Tass 0,5 Lawgs
Packet Deivery Ratio =
No.of DataPkts Received 0%
x100
No.of DataPkts Sent

ey Alols Lavgie &g el 41 Lol pp3 b lawgio

sealio & Tase 5l ools (glaatey jelonidsn il s 5 Jlol o

slay o byt dee bl 3l ool 0580 iy

3
4
costfv.,v )=7-—-09=51
it 4
Sl zg; COSE ol sswlcwsas polie aaxgl

Oy .\.ﬁ:l9:> (V] ,Vn)
=l 2L 9 g lwand -0

Geo- IS bl Sone slr solerday Sho,y (M ool 59
il b g 00,5 (gilunnts NS2 jluares 5l oslizul L 1, LU
5 [Geo-LUNY] loSigp L o mbs wilbize oliske;l
JSo9p 0, 5les bgou ol oad awslio [GEO-CAPY-]
5,50ee 3955 5 (dad e slataghn) ¥ isw 0 Geo-CAP
ol 00l ool o9 Y B I Geo-LU

oolawl slap sl yaitue madyi 3l am Lidu cpl o
et Sleglats 5 b ole goleiinn b9, L amalie (sl 0ud
odd (Srme 2L b))l slajlns G Nigdoo Gl 3l
(522t 330 9 Nigh o )] 0nd plrdl Slilel s "Tles
255 o0 )13 bl

L dus lio g ool ooliiw! sla oy o8I V-0
&olin (M9

Coom 4 (g a8 OBl o SGgp copl :Geo-LU JSTg g
Oledbl (L5 S JKles Dbl 5 odle caie
o oy P )0 5 00,5 (5y5l0 )8 5 1) (o 90 (olen
I S (guindguw wuate U alold y ogdle chaie Cuomw 4
bilen8l Wb sl )lime 9 brass Jlasl o St oS (ol

..X‘)‘T‘f Cawsd 4 Sad
Cows 4y (63 0,5 bl jo JSTg, ol 1 GEO-CAP JSGg
Oom oS S ol L S K les haid ade
Cooms G 05 (lyicar 1) (25 (o8 S (oLees
L’;‘)“) dJalo L\ ).a.oS:kLaL@).) 09)15 45..\.‘5‘54 ul;w‘ Jalo
Sl S 2 e g YU Slles g g So coalS

Silw dds gl yolyby Y -0

LY Flol ous osliad NS2 jluacds 5l gjboars plol gl
Lol oals solazwl ool> (g5lw Joe gl Manhattan  Jowe
ool dslad jo Job g Cewl OXQ g5 o &gty osl> Jae
&'y SUMO [Yo] 5l ous sl lislejl jo ool yio 0
oolazwl osl> slazal o o5 &5 > Claize 5 adids ol



f 555 bl (oo 5 iy (65588 Al t (2195995 (ot SRAKD 50 Mo Cann &1 gz 18 kil 50 Lokigey yoe Job (38,5 i 50 b GRO-LU (ol ymans oy 5501 09t

S e £ sl el el o golerin By,

3y S oo Sl GRO-LU gy s s |y yoe Jsbo b
"0 e eSS s (5 50bsS ey yo a5 plags; Sl
Slass Canl Jogls aSls a5 b jo aiS e ol wisd
P9y 9 GBOLU 2,050 55 0 5 009 a8 walS slag;
oRIBEL Jg il Sl o Shee g (LSy Sl oleriny
Gay 9 dhee SRl wals slagy) slaw @Sl (S
i o Job b slanisn sl a5 1) alagy; oolein
J2975 F 55 oleiion g, 3l eoliinl b auS g0 sl a
I dgage GEO-LU g, 4 Cos auoy0 ¥ (1 5ke j5b 4
5 &lyp 790 Glgebl slaosh (¥ ) Jsaz o .cwl 00,8

sl ooy (3,155 (goloiin g, 50 iy gz

PDR (%)

100
S
” N N\
80 =@ Geo-CAP
75 Geo-LU
== Proposed Method
70 T T T T 1

60 120 180 240 300
Vehicle Density

o9y 9 GEO-CAP (Geo-LU o aiy gz # 5 :(0) &
g, 095 olaws [iul38l b golpiiny

ol 9y 0 PDR (1, 730 (ylabol 35 :(V) Jgaar

B/grr:lsﬂ; (Z?-:a) 18 plirebl 236
I v s-A [av.yor-ay.anv]
VY. VAT [asAva-ay.sq.]
YA- AV.FV [av.yar-av.yva-]
Y¥. .Yy [a- AfA-2Y.0901]
Y. AY.-§ (A5 V-AYV.D- Y]

I Olyea 1) Ll @ Ll b b () S

don ;o lagpogs slawd Lili8l b oo o lis lag 0es slass
oo sl a3l 5 il e Lialdl el 4 Ll 3G e sy,
s Hello glaply 55l 5 ol 2olidl Lo a4 aSll o
4 bty g ) 3l Gl el aSes S5 oen
Sl 1o 4SS (o lagyoem slass 4 el ol )0 050 g0 duale
Gl b s Glsy bl & skl 13T by a0

N (R: —S;
Average End to End Delay _ZL(RiS)

Gilwad s F-0

5 Wigds_oo a5l s alosl Sliglejl 51 ol b Lis ol o
5 J=lod 9)5e 3T By a5 L)l slajlre ezl
ool 09,5 90 4y o ploxil litalojl 55 o )15 (23]
= Logyoes olaws Giulidl 51wy Bas Jsl 05,5 ;o ailoas
wltalel jlog, 8 ol 5o ool soloia s, 3,Skes (s,
Sy g Nigdd oo 0010 Jiol3 8l Ve e L5 Fe 5l lng 005 olaws
o 43,5 L o cels 1 2ashS $O B YY oy lag g5
Sy Ghalp8 53l oy B g0 09,5 Sliylojl o
LooyS ey Rl b el (g3l 29, 0 Shos 2 oS
P9y S9se JLEEl 5 08 (e by oS oy yee Jsbo
& i yee Job b lacsid Sl b wilgn (soleidn
Sliglesl ol ,o s sege |y Lyl 4 sl 155 5 Ligos
Sty g Sl 00l a8 T by o oae Yoo lag 095 olaws
Sy ge 0old 1331 100 km/h 5 20 kmih 5l lag g5

1391 51 oy ) Jgl 09,5 wlialosl s N-F-0
(LDS)\)? Slowy

S9y 2 Bypgd sl Gl 51 (gl g8 Slislegl o
©olpion B9, 9 GeO-CAP Geo-LU slaps ,oSl o Slos
D9 g0 0015 Ligli8l Yoo b8 5l lag 095 slasd 06 g0 gy y
S 5l s Cele p feghS PO LYY (o bagy3s5 Sy
30 bagie g s 325 255 (F) 5 O) slaSd ol ous
Ge0-LU glapis 58I 5o lag a5 shiss gl b 1, Lyl o Ly
s oo lis golgiing s, s GEO-CAP

Gl b el oanlie LB (0) JSE 45 o5 jsbilen
00Dyl N9y A 2 ) A hood 5 Il Lag 055 Slass
o ) aSih g ond ol aSid VLl slaws ) e
am i il b s el ead g oo Ssls
Oby)y e 2 53 g £ ae Ve Ll o 5 lag 055
5 Hello slaply bog 055 slows il33l b 1y o] asily_als
Uil o laen slaas ool s Jdo 4 Hello slapls o;lus!
99,97 0 (eized 9 Sl Sl (O Sgvome s 4 g il oe
Olee oo SRS by, w50 )0 hood &5 baatuy polas
Geo-LU ;I yiuS Sail Geo-CAP ;o (Jloged o) Lials
Juss, ol 50 o Solcads UM o2 oSl 50 Ly euns
5 JP ol g 5 S>gS Hello gleainy &5lail o 0gd ol
Lol aS 3555



1Fe¥ o laaali oF o lods (@m03190 Jlw 6y lw 9 (Seig Sl widlay”

.Mégo UL.M; 6;>Lera..m.u W U"j) 9 Geo-CAP
oS sl pd 5o Ceul oaalin BB (V) US540 a5 jebles
Geo-LU p.u)ﬁf.” 9 60% U"’s) sw‘ u.a...\l; Lho; u.c}..:
S (Soass 1 s SLsS Leas Jigow &5 llo
aied 55V e Job shls oS 5wl o Ul e
Iy el 65 omb e 5 sl Geo-CAP 6K
G a5 Ol o L S K len Sl 1 Lass
e 2ol bty jee Job oS e il L
2 oelpls sl o Bl Sa e S (SlSls 5 oS e
e Job b obdisy Gl &5 olagzs; ol Lylyl ()l
Rl &S 05l gz 7y dene 4 e wilg e il i
©oloinn 1,68l el canline LB (V) I o gaose
5 shlo Geo-CAP 4 Geo-LU 0,63 g0 12 4 oo
D09y K B9 25 e Ol el s Jogod
720 Hlaebl 556 el wsy0 O GeO-LU 4 s golpriny
ol gy 5o w2955 25 gl 00 ) polie (ol

ol 00 43‘)| (\c) Js» B

100

95 - - -

90\ -

85

PDR (%)

80 ==Geo-LU
Proposed Method \7
7> =r=Geo-CAP
70 . . . T )
20 40 60 80 100

Vehicle Speed

Geo- slaps )55l 5 (soleiian by y0 s Jagos &5 1(V) S5
oo 5 e oo siul3l L GEO-CAP 4 LU

@3leii 95 59 PDR (615 70 liebl o3l :(F) Jgur

Veric (;2:;) TA el 534
Y. a5 XY [10.96-35.¥Al
c. 40.FY [af.vo-a5.) -]
:. Ay [ar.Ad-20.f-]
A ¥ AY [4).a5-ay.5a]
yes AQYA [AAYA-4- va]

CS o ey Gl b Ll @ Ll b () S e
©olginn 59, 3 Geo-LU Geo-CAP slapiy Ul [0 oo S
osnlive b N I j0 a5 jshiles .l 0als ooy lis

Slowg bl Jds 4 golerin by, dagoes Sl
wS15 a5 ulps o Logase) jii jee Jsb by b
Sl Gl i sloan S em oSl g conl iy oS
olis GEO-LU & s 6,08 sloisl 0 Ll 3G (o)l
shyls GEO-CAP 4y cons (golpsiy g, (ymidred .AB3 0
Sl ogde 1n ol oS sl @ sl b
oslitul 35 o5 90 Boluan LI 5 L5 S Kl
L .l GEO-CAP & e (5 i sloclies! Lol § 05 oo
& o 220 # Lol @ Ll 3l solerinn by, oS
L 790 lacel 856 (V) Jgaz .ol al jzals Geo-LU
a3 e i oleriay g, o bl & il w3l sl

0.12

o
/

o©
[uEy

a

% 0.08 y.

o

8o S

© 0.06 -

c I ‘{

..; == Geo-CAP

i)

2 004 Geo-LU

“ 0.02 === Proposed Method
0 : : , . .

1 2 3 4 5
Vehicle Density

Ge0- 5 Ge0-LU (solpris Lbs, 5o kel a Ll 3G :(5) Jseis
g, 095 slaas iul38l L CAP

9 o bl & kil 3l s 130 plebl 536 ((Y) Jgoa

@oliny
Vehicle il 788 olosobs! 3
Density Lol
5 <o 0) [« fA--.-0F]
VY- . Ov [« 007
VA~ co A [«.- A=+ .- AD]
Y¥- C AP [« AV-- 2]
.. N [«cas-e -]

Al pgs o9 wlivbjl mls Y-F-0
(Lgy095 sy s34

S92 Bepss Sepm Gl Sl e 09,8 laglesl
©olpiin Lbs, 9 Geo-CAP . Geo-LU x,sl o,Sles
Selo p foghS Ve BYe llagy093 S 090 o0 (o) 2
4d,F i o sae Voo lagyoss olawd 5 0gd g0 ools iul3él
sl o3G5 at Jigos 255 (M) 5 (V) USs ol ous
Geo-LU (slagy )55l ;o Lag )093 Cas s Rl L 1) el &



o) 555 bl (oo 5 iy (65588 Al t (2195995 (ot SRAKD 50 Mo Cann &1 gz 18 kil 50 Lokigey yoe Job (38,5 i 50 b GRO-LU (ol ymans oy 5501 09t

5 baign jee Job 285 ,ka5 s 55 4 Geo-CAP 4 LU
G s JoS5 00 05 g0 GLen Sledl 1 osli]

o l - .

S oS A5 —F

laaslet ;5 bl ol Glapt sl ragh ool 5o
=5 Sy ey 581 51 (S g Wad 950 (29,095
loan (gon plS Clil o a5 Geo-LU 6l 4y 059> ol 4o
o o5 Oy | aless sloo ) 5l (255 0,5 Sy ol
B Geo-LU [“"")51” ;.»J)f )‘)J )P SHe0 g\.»SLsA ul:w‘
iS5 oy ol sligy b cloigey chaiio b oS alold
51 oS GeO-LU a2y 551 o 0 o sl ol sYL,
o ok 45 (29,095 G oSl la Sy ke
z9) ul?b.:‘ BL | Lbe)f J).R.) ]" B L@H—‘ umy 9 Lb..\.aj‘.:
Ly Ge0-LU s )5 SI1 i sl 458,55 1,5 azgi 030 (sin
o513 Sysge 5m 55 S 3 Loy ae Jobo 8,5 i,
S8l zg) ;o sl wSem e Job jslate nl sl o
Calas sl gom gy Sl o ane 2l )0 5 ool arulxe
20,5 joliie Jale Coows Ay A

5 o 2z axie Sliylel el b oty (b,
5 Geo-LU (slapt ;o8 mlis b o) mls 5 <85 515 b))
wols ylis Sliglesl s 08,5 )13 awslie 5,50 Geo-CAP
£ il b 1, Ge0-LU o2y, o Shos qgolgiduy by, 45
39t nl 3 on 39t el & gl o3l 2alS g ey Ligow
diwd VL e lils oS aS olag Ly ohisa
Geo-LU iy o3l g cpz (g0lganiin (g ol 5y Kaiis
g oolai ylidl 1y Geo-LU )8l Slaslre Sz
S o a8l Hello sloasns 45 oo 1) (gyaz ald izen

woolgiins bs, 5 GEO-CAP Geo-LU (slapzy Sl
slaaiw gt lp elaslb S el u’JLo)’ 556 llo u’io.b
mag Gy Sy 5L olei e ‘_,’J’I S5 Glaisds Lasius Hello
S o5 s iz il 50,5 2,1 ol el 1 Hello sle
ols T 4y ks b S50 (gl ylemn by 5 oo S

&l f

[1] M. Sohail, Z. Latif, S. Javed, S. Biswas, S. Ajma, U.
Igbal and M. Raza, "Routing protocols in Vehicular
Adhoc Networks (VANETSs): A comprehensive
survey,” Internet of Things, vol. 23, 2023.
https://doi.org/10.1016/j.i0t.2023.100837

[2] A. Kumar Goyal, G. Agarwal, A. K. Tripathi and S.
Girish, "Systematic Study of VANET Applications,
Challenges, Threats, Attacks, Schemes and Issues in
Research,” in Green Computing in Network Security,

JESRRY FE VR VES RN PN K PRI [t [ O
e T N
slece s ;0 Geo-LU 4 Geo-CAP (slyos 631 5 (goloiin
Ly iten ey L5 (sl & el 55 s 5mly
Loawlae jo golpiinn Ghg, o,8les oS co s il
Olid (Gynien Ogmg GeO-CAP 5 Geo-LU  (slgos )6l
e BN (KS oS Syou o a ) wes
yoe Job b slacSid glyls a5 slagzgy bl 5wl o slasl
Dgb oo (solgiiun By, 0 ,Sles Sguge A e Aiud (6 iy
Lesl il 5o3b Geo-LU sy, » soleiiiy gy Jles! b
ok 4 baye polie (0) Jaao .cuwl adl jals woyo Y-
Leil @ Lol o3l ol ool sy o 1, 120 Glebl

S o ol
0.25
—&— Geo-CAP
Geo-LU
0.2 A

& == Proposed MetV
>
(1]
o 0.15
o
-]
S
o 01 T
=]
°
c
w

0.05

0 T T T T 1
1 2 3 4 5
Vehicle Speed

slops ;s 5 solering g, 5 el & el 3 (M) JSC
o5 e s al58 L Geo-CAP 4 Geo-LU

Gy > el @ it 23T (61 780 el so3l 1(B) Jgu

oLy
Vehicle | & el st TAB lwebl 85b
Speed Les!
Y. oM [-.-va--.-AY]
. c o AD [« AY=- Y]
. C LAY [-.«Af-- .- AQ]
A .49 [«.-q0-+1-Y]
\eo SAFA [« AvA-- 0]

2 lia pssl bl s )T snelie a5 j5biles

pi,e8dl ale sl oby e Sy Gy o5 el
oby oS Syod Caeyw a5 s o Jg «cenl Geo-LU
Jds 5,16 Geo-CAP 4 Geo-LU a4 cond (5 50 o ,Slose 2L
Geo- (slapi )55l a4 s (golgin 0058l g o Shas



1Po¥ Qlowali oY o)lods o03190 Jlw (gl g (Sonig Sl widlay”

oY

[15]

[16]

[17]

[18]

[19]

[20]

21]

[22]

[23]

[24]

[25]

R. K. Jaiswal, "Position-based routing protocol using
Kalman filter as a Prediction module for vehicular ad
hoc  networks,” Computers and  Electrical
Engineering, vol. 83, 2020.
https://doi.org/10.1016/j.compeleceng.2020.106599

N. Dharani Kumari and B. Shylaja, "AMGRP: AHP-
based Multimetric Geographical Routing Protocol for
Urban environment of VANETSs," Journal of King
Saud University — Computer and Information
Sciences, vol. 31, no. 1, pp. 72-81, 2019.
https://doi.org/10.1016/j.jksuci.2017.01.001

R. Karimi and S. Shokrollahi, "Predictive geographic
routing protocol for VANETSs," Computer Networks,
vol. 141, pp. 67-81, 2018.
https://doi.org/10.1016/j.comnet.2018.05.017

G. Abbas, S. Ullah, M. Wagas, Z. H. Abbas and M. I.
Bila, "A position-based reliable emergency message
routing scheme for road safety in VANETS,"
Computer Networks, vol. 213, 2022.
https://doi.org/10.1016/j.comnet.2022.109097

S.Shokrollahi, M.Dehghan,"TGRV: A trust- based
geographic routing protocol for VANETSs," Ad Hoc
Networks, vol. 140, 2023.

https://doi.org/10.1016/j.adhoc.2022.103062

B. Kim, S. Ullah, K. Hoon Kim, B. Roh, "An
enhanced geographical routing protocol based on
multi-criteria decision making method in mobile ad-
hoc networks," Ad Hoc Networks, vol. 103, 2020,
https://doi.org/10.1016/j.adhoc.2020.102157.

S. Shahabi Rabori, M. Ghazvini, " Presenting a New
Algorithm with Aiming to Improve Security and
Performance of AODV Protocol in Ad Hoc Network,"
Journal of Electronical & Cyber Defence, vol. 5, No.
4,2017(InPersian)

https://dor.isc.ac/dor/20.1001.1.23224347.1396.5.4.6.1

W. Su, S.-J. Lee and M. Gerla, "Mobility Prediction
and RoutinginAdHocWireless Networks,"International
Journal of Network Management,” vol. 11, no. 1, pp.
3-30, 2002. doi: 10.1109/MILCOM.2000.905001

S.-S. Wang and Y.-S. Lin, "PassCAR: A passive
clustering aided routing protocol for vehicular ad hoc
networks," Computer Communications, vol. 36, no. 2,
pp. 170-180, 2013.
https://doi.org/10.1016/j.comcom.2012.08.013

T. Issariyakul, E. Hossain, "Introduction to Network
Simulator NS2," Springer, 2009,
https://doi.org/10.1007/978-0-387-71760-9
D.Krajzewicz, G. Hertkorn, C. Feld and P. Wagner,
"SUMO (Simulation of Urban MObility); An open-
source traffic simulation,” in 4th Middle East
Symposium on Simulation and Modelling, 2002.

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

Taylor & Francis, 2022, p. 20.

A. Srivastava, A. Prakash and R. Tripathi, "Location
based routing protocols in VANET: Issues and
existing solutions," Vehicular Communications, no.
23, 2020.
https://doi.org/10.1016/j.vehcom.2020.100231

B.-L. Souaad, F. Semchedine and L. Bouallouche-
Medjkoune, "Geographic routing protocols for
vehicular ad hoc NETworks (VANETS): A survey,"
Vehicular Communications, vol. 11, pp. 20-31, 2018.
https://doi.org/10.1016/j.vehcom.2018.01.006

A. Ullah, X. Yao, S. Shaheen and H. Ning, "Advances
in position based routing towards ITS enabled fog-
oriented VANET-a survey,” IEEE Trans. Intell.
Transp. Syst., vol. 21, no. 2, pp. 828-840, 2020. doi:
10.1109/TI1TS.2019.2893067

A. Khan, A. A. Siddiqui and F. Ullah, "VP-CAST :
Velocity and Position-Based Broadcast Suppression
for VANETs," IEEE Transactions on Intelligent
Transportation Systems., vol. 23, no. 10, pp. 18512-
18525, 2022. doi: 10.1109/TITS.2022.3153122

A. T. Amaya, A. A. P. Pohl, M. S. Fonseca and R.
Liders, "Traffic-Aware Beacon Interval for Position-
Based Protocols in VANETS," in 2022 IEEE Latin-
American Conference on Communications
(LATINCOM), 2022. doi:
10.1109/LATINCOM56090.2022.10000575

J. Aznar-Poveda, A. Garcia-Sanchez and E. Egea-
Lopez, "Approximate reinforcement learning to
control beaconing congestion in distributed networks,"
Scientific Reports, vol. 142, 2022.
https://doi.org/10.1038/s41598-021-04123-9

A. Hassan, A. Abdullah and O. Kaiwartya, "Multi-
metric geographic routing for wvehicular ad hoc
networks," vol. 24, p. 2763-2779.
https://doi.org/10.1007/s11276-017-1502-5

O. Alzamzam and |. Mahgoub, "Geographic routing
enhancement for urban VANETS using link dynamic
behavior: A cross layer approach,” Vehicular
Communications, vol. 31, 2021.
https://doi.org/10.1016/j.vehcom.2021.100354

S. Haider, G. Abbas, Z. H. Abbas and T. Baker,
"DABFS: A robust routing protocol for warning
messages dissemination in VANETs," Computer
Communications, vol. 147, pp. 21-34, 2019.
https://doi.org/10.1016/j.comcom.2019.08.011

O. Alzamzam and I. Mahgoub, "Link utility aware
geographic routing for urban VANETS using two-hop
neighbor information," Ad Hoc Networks, vol. 106,
2020. https://doi.org/10.1016/j.adhoc.2020.102213

B. Karp and H. T. Kung, "GPSR: greedy perimeter
stateless routing for wireless networks,” in
Proceedings of the 6th annual international
conference on Mobile computing and networking,
2000.

Z. Squalli Houssaini, I. Zaimi, M. Drissi and M.
Oumsis, "Trade-off between accuracy, cost, and QoS
using a beacon-on-demand strategy and Kalman
filtering over a VANET," Digital Communications
and Networks, vol. 4, no. 1, pp. 13-26, 2018.
https://doi.org/10.1016/j.dcan.2017.09.001


https://dor.isc.ac/dor/20.1001.1.23224347.1396.5.4.6.1
https://dor.isc.ac/dor/20.1001.1.23224347.1396.5.4.6.1
https://dor.isc.ac/dor/20.1001.1.23224347.1396.5.4.6.1
https://dor.isc.ac/dor/20.1001.1.23224347.1396.5.4.6.1
https://dor.isc.ac/dor/20.1001.1.23224347.1396.5.4.6.1
https://dor.isc.ac/dor/20.1001.1.23224347.1396.5.4.6.1

