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Abstract

This pa per pro poses a new rout ing al go rithm to fa cil i tate com mu ni ca tion in highly mo bile

wire less ad-hoc net works for motor way en vi ron ments with no phys i cal in fra struc ture

which un dergo fre quent top o log i cal changes. This new re ac tive rout ing al go rithm for

inter-ve hic u lar com mu ni ca tion is based on lo ca tion in for ma tion in which the source node

as cer tains the po si tion of its com mu ni ca tion part ner be fore it ini ti ates com mu ni ca tion. The 

ad van tage of this al go rithm is that it does not re quire global knowl edge to send in for ma -

tion be tween trans mit ter-re ceiver pairs. In stead, this al go rithm re quires knowl edge of the

rel a tive po si tions of its neigh bor nodes and the po si tion of the des ti na tion.

This pa per dis cusses sim u la tions of 250 ve hi cles driv ing on a six-lane cir cu lar high way

us ing Lo ca tion Rout ing Al go rithm with Clus ter-Based Flood ing (LORA-CBF). High way

ve hic u lar mo bil ity is sim u lated by a mi cro scopic traf fic model, de vel oped in OPNET,  to

eval u ate the per for mance of the LORA-CBF and Greedy Per im e ter State less Rout ing

(GPSR) al go rithms in terms of Route Dis cov ery Time (RDT), End-to-End De lay (EED),

Rout ing Over head (RO), Rout ing Load (RL) and De liv ery Ra tio (DR). 
 

Keywords:  Unicast rout ing, multi-hop wire less net works, inter-ve hic u lar data ex -

change, ad-hoc net works, lo ca tion rout ing al go rithm with clus ter-based flood ing.

Resumen

Este trabajo presenta un nuevo algo ritmo de enru ta miento que permite la comu ni -

ca ción inter-vehi cular en redes ad-hoc, las cuales carecen de infraes truc tura fija y

sufren frecuentes cambios topo ló gicos. Este nuevo algo ritmo es reac tivo y adecuado

para la comu ni ca ción inter-vehi cular y su estra tegia de enru ta miento emplea el

sistema global GPS, donde el nodo origi nador del mensaje soli cita la posi ción del

nodo destino antes de iniciar la comu ni ca ción. La ventaja de este algo ritmo es que no 

requiere un cono ci miento global de la red para enviar datos entre el trans -

misor-receptor; sólo nece sita conocer las posi ciones rela tivas de los nodos vecinos y



la posi ción del destino para reducir signi fi ca ti va mente la inundación de paquetes de

control. 

Este trabajo simula el compor ta miento de 250 vehículos sobre una auto pista de tres

carriles por direc ción, utili zando el algo ritmo de enru ta miento geográ fico con difu sión

basada en grupos (LORA-CBF). La movi lidad de los vehículos utiliza un algo ritmo

micros có pico que se simula en OPNET. Se compara LORA-CBF con “Greedy Peri meter

State less Routing” (GPSR) en términos del tiempo de descu bri miento de rutas (RDT),

retardo punto a punto (EED), y Sobre-enca be zado de enru ta miento para evaluar el algo -

ritmo geográ fico con difu sión basada en grupos. 

Descrip tores: Enru ta miento con direc ción única, redes inalám bricas multi salto, inter -

cambio de datos entre vehículos, redes ad hoc, enru ta miento por loca li za ción con difu -

sión basada en grupos.

Intro duc tion

Over the past quar ter cen tury, the au to mo bile in dus try 
has in creas ingly used com puter tech nol o gies to pro vide 
greater safety, re li abil ity and pas sen ger en joy ment.
Some of these in no va tions in clude air bag tech nol ogy,
Global Po si tion ing Sys tem (GPS), self-di ag nos tic hard -
ware and soft ware, and en ter tain ment sys tems. Fu ture
de vel op ments in au to mo bile man u fac tur ing will in -
creas ingly in clude ubiq ui tous wire less ad hoc net work
tech nol ogy to pro vide im proved com mu ni ca tion, s -
afety and traf fic con trol.   

In or der to avoid com mu ni ca tion costs and guar an -
tee the low de lays needed to ef fi ciently ex change data
be tween cars, Inter-Ve hi cle Com mu ni ca tion (IVC) sys -
tems, based on wire less ad-hoc net works, rep re sent a
prom is ing op tion for fu ture road com mu ni ca tion
needs. IVC per mits ve hi cles to or ga nize them selves lo -
cally in ad-hoc mode to con sec u tive ve hi cles trav el ing
within a spe cific ra dio trans mis sion range, us ing a
one-hop strat egy. In the fu ture, IVC sys tems will pro -
vide multi-hop com mu ni ca tion, us ing “re lay” ve hi cles
that are phys i cally lo cated be tween a spe cific sender-
re ceiver pair. Rout ing al go rithms in mo bile ad-hoc
wire less net works can be cat e go rized into two dif fer -
ent cat e go ries: non-po si tional al go rithms and po si -
tional al go rithms. 

Non-po si tional al go rithms can be clas si fied as pro -
active (ta ble-driven), re ac tive (on-de mand), or hy brid.
Proactive, or ta ble-driven al go rithms, pe ri od i cally up -
date the lo ca tion in for ma tion of their nodes, mak ing
routes im me di ately avail able when needed. The dis ad -
van tage of these al go rithms, how ever, is that they re -
quire ad di tional band width to pe ri od i cally trans mit lo -
ca tion traf fic. The in creased trans mis sion of lo ca tion

traf fic pack ets, how ever, can re sult in sig nif i cant net -
work con ges tion be cause each in di vid ual node must
main tain the nec es sary rout ing in for ma tion and is re -
spon si ble for prop a gat ing to pol ogy up dates in re sponse
to in stan ta neous changes in net work con nec tiv ity
(Perkins, 2000). Im por tant ex am ples of non-po si tional
pro to cols in clude Op ti mized Link State Rout ing
(OSLR) (Clausen et al., 2003) and To pol ogy Dis sem i na -
tion Based on Re verse Path For ward ing (TBRPF) (Ogier
et al., 2004). 

These two pro to cols re cord the routes for all pos si -
ble des ti na tions in the ad-hoc net work, re sult ing in
min i mal ini tial de lay (la tency) when com mu ni cat ing
with ar bi trarily se lected des ti na tion. Such pro to cols are 
also called proactive be cause they store route in fo r ma -
tion be fore it is ac tu ally needed and are ta ble driven be -
cause the in for ma tion is avail able as part of well- main -
tained ta bles.

On the other hand, on-de mand, or re ac tive pro to -
cols, ac quire rout ing in for ma tion only as needed. Re ac -
tive rout ing pro to cols of ten use less band width for
main tain ing route ta bles. The dis ad van tage of these
pro to cols, how ever, is that the Route Dis cov ery (RD)
time for many ap pli ca tions can sub stan tially in crease.
Most ap pli ca tions may suf fer de lay when they start be -
cause a des ti na tion route must be ac quired be fore com -
mu ni ca tion can ac tu ally be gin. On-de mand pro to cols
must re al ize a route dis cov ery pro cess be fore the first
data packet can be sent, re sult ing in re duced con trol
traf fic over head at the cost of in creased la tency in find -
ing the route des ti na tion (Zou et al., 2002). Ex am ples of 
re ac tive, or on-de mand pro to cols, in clude Ad-Hoc
On-De mand Dis tance Vec tor (AODV) rout ing (Perkins 
et al., 2003), and Dy namic source Rout ing (DSR) al go -
rithms (John son et al., 2004).
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A pro to col that com bines both proactive and re ac tive
ap proaches is called a hy brid (Schaumann, 2002). The
most pop u lar pro to col in this cat e gory is the Zone
Rout ing Pro to col (ZRP). 

Scalability rep re sents the prin ci pal dis ad van tage of
proactive and re ac tive rout ing al go rithms in highly mo -
bile en vi ron ments. A sec ond dis ad van tage is their very
low com mu ni ca tion through put, which some times re -
sults in a po ten tially large num ber of retransmissions
(Mauve et al., 2001). 

To over come these lim i ta tions, how ever, sev eral
new types of rout ing al go rithms that em ploy geo -
graphic po si tion in for ma tion have been de vel oped, in -
clud ing: Lo ca tion-Aided Rout ing (LAR) (Ko and
Vaidya, 1998), Dis tance Rout ing Ef fect Al go rithm for
Mo bil ity (DREAM) (Basagni et al., 1998), Grid Lo ca tion 
Ser vice (GLS) (Li et al., 2000) and Greedy Per im e ter
State less Rout ing for Wire less Net works (GPSR) (Karp
and Kung, 2000).

Reac tive Loca tion-Based Routing Algo rithm
With Cluster-Based Floo ding (LORA-CBF)

The ad van tage of us ing po si tional in for ma tion in ve hic -
u lar ad-hoc wire less net works (VANET) is that rout ing
can be fully dy namic and dis trib uted. Fur ther more,
fewer er ror pack ets are trans mit ted in dy namic ad-hoc
net works as com pared to non-po si tional al go rithms,
which is pos si ble be cause the node only needs to main -
tain in for ma tion for one-hop neigh bors and the po si -
tion of the des ti na tion.

This pa per pro poses a re ac tive lo ca tion rout ing al go -
rithm with clus ter-based flood ing for inter-ve hi cle
com mu ni ca tion (LORA-CBF) to deal with the in creas -
ing num ber of ve hi cles in cir cu la tion (Camp et al.,
2002). 

The al go rithm we have de vel oped in her its the prop -
er ties of re ac tive and hi er ar chi cal rout ing al go rithms,
but has the ad van tage of ac quir ing rout ing in for ma tion 
only as needed. First of all, LORA-CBF im proves tra di -
tional rout ing al go rithms that are based on non-po si -
tional rout ing by us ing lo ca tion in for ma tion pro vided
by GPS. Sec ondly, it min i mizes flood ing of its Lo ca tion
Re quest (LREQ) pack ets by means of gate way flood ing, 
which is di rec tive for traf fic con trol and uses only se -
lected nodes, called gate way nodes, to dif fuse LREQ
mes sages. 

The pur pose of a gate way node is to min i mize the
flood ing of broad cast mes sages in the net work by re -
duc ing du pli cate retransmissions in the same re gion.

Mem ber nodes are con verted into gate ways when they
re ceive mes sages from more than one clus ter-head. All
the mem bers in the clus ter read and pro cess the packet,
but do not re trans mit the broad cast mes sage. This
tech nique sig nif i cantly re duces the num ber of
retransmissions in a flood ing or broad cast pro ce dure in
dense net works. There fore, only gate way nodes re -
trans mit pack ets be tween clus ters in what is called a
hi er ar chi cal or ga ni za tion. Moreover, gate ways only re -
trans mit a packet from one gate way to an other in or -
der to min i mize un nec es sary retransmissions, and
only if the gate way be longs to a dif fer ent clus ter-head. 
To avoid syn chro ni za tion of trans mis sions (Jacquet,
2002), (Floyd and Ja cob son, 1994) the for ward ing of in -
di vid ual pack ets is ran domly de layed.

Sev eral re searches have in ves ti gated clus ter-based
flood ing strat e gies for rout ing in wire less ad-hoc net -
works (Mitelman and Zaslavsky, 1999), (Krishna et al.,
1997), (Das et al., 1997), (Sivakumar et al., 1998),
(Chiang et al., 1997). The main con tri bu tion of our
work is the rebroadcast and gate way se lec tion mech a -
nism we have de vel oped. We have im ple mented a
re-broad cast strat egy, where only gate ways that be long 
to dif fer ent clus ter-heads re-broad cast the lo ca tion re -
quest pack ets, thus im prov ing the rout ing over head in
dense net works (Santos et al., 2004).

Micros copic Traffic Models

Ac cord ing to (Hoogendoor and Bovy, 2001) and (Fes ta
et al., 2001), ve hic u lar traf fic mod els may be cat e go -
rized into four level-of-de tail clas si fi ca tions: sub-mi cro -
scopic, mi cro scopic, mesoscopic and mac ro scopic. Sub-
mi cro scopic mod els de scribe the char ac ter is tics of in di -
vid ual ve hi cles in traf fic flow and the op er a tion of spe -
cific parts (sub-units) of the ve hi cle (e.g., chang ing
gears, brak ing, etc.). Mi cro scopic mod els sim u late be -
hav ior and in ter ac tion among in ter act ing driv ers.
Mesoscopic mod els rep re sent trans por ta tion sys tems
and an a lyze groups of driv ers with ho mo ge neous be -
hav ior. Fi nally, mac ro scopic mod els de scribe traf fic at a
high level of ag gre ga tion as a flow with out dis tin guish -
ing its ba sic parts (Cvetkovski and Gavrilovska, 1998).
Mac ro scopic mod els are used to study traf fic flow in
road net works by eval u at ing vari ables such as den sity,
flow and av er age speed. 

 This work anal y ses MIMIC, INTEGRATION,
AIMSUM, MITSIM, VISSIM and SIMONE 2000
(Logghe, 2003), six of the most im por tant mi cro scopic
traf fic mod els, which are all based on safe-dis tance,
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stim u lus-re sponse and psy cho-phys i o log i cal car-fol low -
ing mod els (Klar et al., 1996).  

From the mod els in cluded in this study, VISSIM
con tains the great est num ber of pa ram e ters and
AIMSUM has the few est. The ma jor draw back of the
MIMIC, INTEGRATION and VISSIM mod els is their
cal i bra tion pa ram e ters, which must be dy nam i cally de -
ter mined dur ing the sim u la tion pe riod. The AIMSUM
model has the dis ad van tage that it does not clearly de -
fine how to es ti mate the max i mum de cel er a tion rate of 
the n-1 ve hi cle and the dif fi culty with MITSIM is that
it bases its ac cel er a tion or de cel er a tion rate on too
many speed in ter vals.

The Simone 2000 traf fic sim u la tion model is the
most suit able for the sim u la tion sce nar ios we have se -
lected for our in ves ti ga tion, as its be hav ior is based on
both dis tance and lon gi tu di nal con trol lers. In ad di tion,
it in cor po rates the ef fects of pos i tive or neg a tive rel a -
tive speeds. Con se quently, for these two prin ci pal rea -
sons, we have cho sen Simone 2000 to sim u late ve hi cle
mo bil ity in free way and ur ban set tings.

A Compa rison of the Lora-Cbf and Gpsr
Algo rithms on a Multi-Lane Circular Dual

Motorway Repre sen ta tive of a Six Lane
Motorway Driving

This sec tion will com pare a Lo ca tion-Based Rout ing Al -
go rithm with Clus ter-Based Flood ing (LORA-CBF) we
de vel oped with a very pop u lar po si tion-based rout ing
al go rithm called GPSR (Greedy Per im e ter State less
Rout ing). Re sults dem on strate that at an av er age speed 
of 42 m/s (150 km/h), the lack of a pre dic tive al go rithm 
and global knowl edge po si tion in GPSR sig nif i cantly
de te ri o rates its per for mance. 

The GPSR al go rithm was sim u lated on the same cir -
cu lar dual motor way sce nario with 250 ve hi cles at a rel -
a tive speed of 84m/s (300 km/h). Re sults show that
with out a pre dic tive al go rithm and GPS, it is im pos si -
ble to com mu ni cate be tween a source-des ti na tion pair
that is lo cated more that two hops apart. Our in ten tion 
here is to show that em ploy ing a pre dic tive al go -
rithm will sig nif i cantly im prove com mu ni ca tion on
a motor way.

We have im ple mented the same short-term pre dic -
tive al go rithm used in LORA-CBF (Santos et al., 2004)
and the same phys i cal and MAC layer in GPSR. 

We have also used the same mea sure ments to an a -
lyze and com pare the per for mance of LORA-CBF and
GPSR.

Simu la tion Metrics

We have cho sen to com pare the per for mance of the
LORA-CBF and GPSR al go rithms in large-scale ad-hoc
net works us ing the most com mon met rics, in clud ing:

Route dis cov ery time (La tency): The time the source
node must wait be fore send ing its first data packet.

Av er age end-to-end de lay of data pack ets: The pos si ble
de lays caused by buff er ing pack ets dur ing route dis cov -
ery, queu ing at the in ter face queue, re trans mis sion de -
lays at the MAC layer, prop a ga tion and trans fer times.
Rout ing load: The ra tio of rout ing pack ets to data pack -
ets trans mit ted. The lat ter in cludes only the data pack -
ets fi nally de liv ered to the des ti na tion and ex cludes
those that are dropped. The trans mis sion of each hop is 
counted once for both rout ing and data pack ets. This
pro vides an idea of net work band width con sumed by
rout ing pack ets with re spect to “use ful” data pack ets.

Rout ing over head: The to tal num ber of rout ing pack -
ets trans mit ted dur ing the sim u la tion. For pack ets sent
over mul ti ple hops, each trans mis sion of the packet (in
each hop) counts as one re trans mis sion.

Packet de liv ery ra tio: The ra tio be tween the data
pack ets ac tu ally de liv ered to the des ti na tion and the
num ber of data pack ets sent by the sender. The main
rea son data pack ets are dropped in route is be cause the
next hop link is bro ken when the data packet is ready
to be trans mit ted.

Commu ni ca tion Model

The model de vel oped for eval u at ing the pro posed rout -
ing pro to cols was im ple mented in OPNET as il lus -
trated in fig ure 1. Be cause one of the goals of the sim u -
la tion is to com pare the per for mance of each rout ing
pro to col, our traf fic sources main tain a con stant bit
rate (CBR). When de fin ing the pa ram e ters of the com -
mu ni ca tion model, we ex per i mented with 1 Mbps and
11 Mbps data rates, each with a con stant packet size of
1448 bytes, sim i lar to the pack ets used in the test-bed
(Toh et al., 2002). The com mu ni ca tion be tween the
source and des ti na tion is peer-to-peer and it is ini ti ated
at uni formly dis trib uted times of be tween 1-5 sec onds.
LORA-CBF was pro vided five sec onds, even though its
clus ter for ma tion mech a nism re quires less than two
sec onds, to guar an tee a steady-state net work.  The val -
ues rep re sented in fig ures 2 to 6 de pict the re sults of 30
sim u la tions with a mar gin of er ror of less than 10% in
most of the pa ram e ters an a lyzed, (fig ure 1).
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Physical and Medium Access Mecha nism

An tenna gain, trans mis sion power, and re ceiver sen si -
tiv ity were cho sen to ap prox i mate the Enterasys IEEE
802.11 b WLAN di rect se quence spread spec trum ra tio.
A trans mis sion range of 300 m., which is con sis tent
with cur rent 802.11b Wire less LAN and 5 dBi gain
car-mounted an ten nas, was also se lected.

The IEEE 802.11b Dis trib uted Co or di na tion Func -
tion (DCF), de signed to use both vir tual and phys i cal
car rier sense mech a nisms to re duce the prob a bil ity of
col li sions due to hid den ter mi nals, was used as the me -
dium ac cess con trol pro to col.

Results by Simu la tions Using OPNET

Fig ure 2 rep re sents the de liv ery ra tio of GPSR and
LORA-CBF. LORA-CBF im proves the com mu ni ca tion
of GPSR af ter the fifth hop at a data rate of 1 Mbps;
both al go rithms, how ever, be have sim i larly at a data
rate of 11 Mbps. In gen eral, both al go rithms show sim i -
lar re sults for short hops be cause they use the same for -
ward ing mech a nism (greedy for ward ing), but the

clus ter ing mech a nism used in LORA-CBF is better for
lon ger hops. Fig ure 3, which shows End-to-End De lay,
re veals that GPSR and LORA-CBF have sim i lar EED be -
cause both al go rithms use the same for ward ing mech a -
nism. Fig ure 4 shows that LORA-CBF has a higher
rout ing over head at a data rate of 11 Mbps than GPSR
at the same data rate be cause of the in creased num ber
of con trol pack ets. On the other hand, at a data rate of
1 Mbps, LORA-CBF be gins with a slightly higher rout -
ing over head than GPSR. How ever, at a dis tance of 5
hops (1500 m), both al go rithms have ex actly the same
rout ing over head. At greater dis tances, LORA-CBF has
a lower rout ing over head than GPSR be cause GPSR suf -
fers from spa tial di ver sity. Fig ure 5 rep re sents the route
dis cov ery time. Both al go rithms show sim i lar be hav ior
at a data rate of 11 Mbps, how ever, GPSR has a greater
route dis cov ery time a data rate of 1 Mbps. Be cause of
its lim ited spa tial di ver sity, packet col li sions are sig nif i -
cantly more fre quent with GPSR. On the other hand,
LORA-CBF re duces the route dis cov ery time be cause of 
its clus ter-based flood ing mech a nism. The rout ing load
is shown in fig ure 6. Again, with a data rate of 11
Mbps, LORA-CBF has a slightly higher rout ing load
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than GPSR, and at a data rate of 1 Mbps, LORA-CBF
be gins with a slightly higher rout ing load than GPSR.
At five hops (1500 m), how ever, both al go rithms have
the same rout ing load. At dis tances greater than 1500

m, LORA-CBF has a lower rout ing load than GPSR.
Again, more col li sions oc cur with GPSR, re sult ing in an
in crease rout ing load, be cause of its spa tial di ver sity.
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Conclu sions

This pa per has pre sented re search re sults of a sim u la -
tion that con sid ers the mo bil ity in volved in typ i cal
motor way traf fic sce nar ios of a very large net work
with a to tal of two hun dred and fifty nodes. Con trol -
ling the data rate, trans mis sion range, and ve loc ity of
the ve hic u lar nodes, we have com pared end to end de -
lay, route dis cov ery time, rout ing over head, rout ing
load and the de liv ery ra tio be tween LORA-CBF and
Greedy Per im e ter State less Rout ing (GPSR). 

Re sults in di cate that GPSR can be im proved by a
short-term pre dic tive al go rithm to en hance its per for -
mance at higher speeds.  Also, GPSR and LORA-CBF
be have sim i larly when em ploy ing our short-term pre -
dic tive al go rithm, as both al go rithms em ploy the same
greedy for ward ing and neigh bor sens ing mech a nisms.
In sum mary, the main dif fer ence be tween these two al -
go rithms is found in the hi er ar chi cal ar chi tec ture in
LORA-CBF. This hi er ar chi cal ar chi tec ture re quires less
route dis cov ery time and a lower de liver ra tio, but in -
creases the rout ing over head and gen eral over head, as
well as rout ing load.
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