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Abstract
Greedy Perimeter Stateless Routing (GPSR) protigoln
appropriate and the most well-known routing protdoo high
mobile vehicular ad-hoc networks. The protocol ues two
routing modes, the greedy mode and the recoveryemadd
utilizes a neighbor list to make a route decisibiowever, not
only does the neighbor list in the protocol invostale neighbor
information, but also the stale nodes inherit ahbigselection
priority in the greedy mode according to the rogtipolicy;
besides, the useful redundant route informationbeaaliminated
during planarization in the recovery mode. To owere those
problems, we propose a new recovery mode, name8resdy
Border Superiority Routing (GBSR), along with an afsive
Neighbor list Management (ANM) scheme. A node getesr a
border superior graph instead of generating a plgraph when
the node faces the local maximum. Packets in tbevexy mode
can escape from the recovery mode as fast as possiing the
graph. Here, GBSR protocol has the same assumasidhat of
GPSR, and does not require any additional infoonativith a
network simulator, GBSR and ANM are evaluated udiwg
vehicle mobility scenarios. GBSR shows higher nekwo
performance in comparison with GPSR protocol. Idigah, we
accomplish a nearly stale-free neighbor list usthg ANM
scheme.
Keywords: Greedy Border Superiority Routing, Greedy
Forwarding, Adaptive Neighbor List Management, \¢&hi
Ad-hoc Networks

1. Introduction

Wireless technologies play an important role
vehicular industry at the present time. The desigoints
are inclined toward safety, usability, and fueiaéincy of
cars. When a wireless communication technigise
available between vehicles, various new servicesgdcbe

(MANET) highly dynamic network topology, some logic
structures as LAN. Owing to the differences, therent
MANET protocols such as AODV, OLSR, or DSR, are not
appropriate for VANETs. However, geo-graphical nogt
protocols are particularly efficient in highly dyma
environments. With geo-location information, paskate
greedily forwarded to the vehicle bringing the nmaxim
progress toward the destination node on each step.

The most well known geo-location routing protocml the
vehicular environment is Greedy Perimeter Stateless
Routing (GPSR) protocol. Packets are forwardedgusin
greedy forwarding in normal situation. The greedstimd

is known for a sub-optimal way to forward packedsat
specific location. A node cannot forward a packethe
greedy mode when the node meets with the localmani,
and then the packet is handed over an approprigteé n
relay not in greedy location. That is called theipeter
routing and is the recovery mode of the protocdie T
perimeter mode is involved in geographic routing &
correct delivery if and only if a vehicular graghplanar.

Some literatures have been focused on buildingaagpl
vehicular graph, other works do not require plagraphs
in their recovery mode. In Greedy Distributed Spagn
Tree Routing (GDSTR), it makes use of two null $ree
instead of planarization as a recovery mode whegready
forwarding fails. In Greedy Perimeter Coordinataulng
(GPCR) a packet which meets up with the local maxrim
is transmitted backward until the packet arrives ain
junction point, such as, an intersection. In order
distinguish the junction point from others, the tpawl
involves a junction advertisement process. GPSBvers
from the local maximum using digital maps. Thosekso

possible for the safety. Cars on a road can form aaccommodate additional schemes to escape fromiwild

Vehicular Ad Hoc Network (VANET) with WAVE

communication devices. VANET has some different

features with Mobile Ad Hoc Networks

a costly planar graph.

In order to accomplish a greedy strategcsssfully,
each node should maintain its neighbor list in cehe
And the list is maintained by HELLO beacons in gahe
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However, the list includes some stale informatiar f location of neighboring nodes. A node obtainsatsation
neighbor nodes out of its transmission range becafithe from a location device, such as, a GPS device, and
beacon interval and update policy. When a node éhas acquires the locations of neighboring nodes by sesn
packet to forward to a destination, the node selét  periodic HELLO beacons. It also assumes that acsour
farthest node among its neighbor nodes toward thepgde obtains the location of the destination nadenfa
destln?tlonl basedd on k|]ts ner:ghborkhst. If the n(:;xde IS global location service which supports a location
one of stale nodes, then the packet can not beatlyr registration and lookup service that maps nodedtesses
forwarded to the next relay node because an AREI&s$ . S .

) . ; to locations. The scope of GPSR is limited to geaphic
Resolution Protocol) could be failure. Then thekgaavill . i

doutlng. For developing our protocol, we make uge o

be dropped it. Such events can happen easily durin X
forwarding by means of the greedy routing policies. exactly the same assumptions as the GPSR protocol.

Although the stale information can be detected doyer GPSR protocol makes a routing decision depending on
layer protocols, that increases a transmissionydata local information, and includes a recovery modeiider
requires additional cross layer interfaces in thetqzol to escape from the local maximum situation. A node
stack. Therefore, this scheme is difficult to beedily holding a packet to forward cannot find a proper
applied to most of routing protocols. forwarder being closer to the destination thanlfitde

In GPSR, a node in the recovery mode generates &yger to recover from this local maximum, the pooto
vehlculgr plgnar grqph which has no cross Imkgjdm:al transmits the packet to backward with respect te th
connection information and selects an appropriate hop destination node. The packet will be continuously

out of the graph. Unfortunately, a lot of usefutluadant o .
links are eliminated during building the planar gvaand detoured until it reaches a node whose distancthdéo

besides, the length of the remained links is nedétishort. ~ destination node is closer than the former recovede.
As a result, the packet is ineffectively forwarddough ~ When the packet reaches the node, the mode ofitlep
the remained links in the recovery mode. may be resumed to the greedy mode.

In this paper, we propose a new recovery mode alatig

an Adaptive Neighbor list Management (ANM) scheme
with the same assumptions to GPSR. With the ANM
scheme, each node can easily distinguish stalesmulés
neighbor list. Not only the packet delivery ratiat also

the time to recover from the local maximum are ioved

by the new recovery mode which called Greedy Border
Superiority Routing (GBSR); besides, the average ho
delay is decreased and the average hop distance is
increased. Our two contributions are as follows:

dist(B,D)

1) An adaptive neighbor list management scheme
effectively manages stale nodes on its neighbor
list

2) Animproved recovery method has a longer hop

so that a packet can reach to a conversion poifasisas
possible .The GBSR protocol accomplishes nearlyla-s
free neighbor list in combination with the ANM sohe.

Fig. 1. GPSR routing modes in a local maximum

When the packet reaches the node, the mode of the
packet may be resumed to the greedy mode.

2. Greedy Perimeter Stateless Routing Fig. 1 describes the brief operations of GPSR. Nade
is going to send a packet to node Then nodeA
GPSR protocol is a position-based routing one,r&l@®  forwards a packet to nodthrough the greedy mode. But
routing node forwards a packet to one of its netghibde e packet meets the local maximum on nBdén order
which is geographically closer to the destinatiood® 5 ggcape from the local maximum, ndddorwards the
among the neighboring nodes. That is called a greed packet to nodeC which is backward after writing its
forwarding. In order to select a next relay nodeagnthe location in the packet header. Nodes receivingptheket
neighbor nodes, each node makes use of location extract the location of the former recovery nodd #me

information on the neighbor list. To d_o this, |tsam_es destination node from the packet header. They then
that each node needs to be aware of its own lotattie
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calculate the distance between the nodes, and eenitpa 2.2 The Weakness of Recovery mode of GPSR in
with their distance from the destination. When piaeket City Scenarios

arrives on nodd-, the distancalist(F,D) is shorter than

dist(B,D) and then the packet's mode is returned back to Planar graphs are not useful in the vehicle scesari
the greedy mode loads. Many recovery algorithm have TWo planar graph algorithms, the RNG and the GGeha
been proposed to solve this problem. GPSR recdra@rs been presented to solve the local maximum problem i
the local maximum by a perimeter mode. In the petém GPSR. Both of them are based on local geometric

d d ] | work h vighizh information and can make a good sub-graph from the
mode, a hode generales a planar network grap £ original network topology. While the algorithms foem

neighboring node topology graph without crossimsi well when nodes are uniformly or randomly distrimit
To build the planar network graph, GPSR algorithm they do not perform as well for vehicular netwonkscity
applies either Relative Neighborhood Graph algorith  scenarios. In the vehicular networks, not only elefsi are
(RNG) or Gabriel Graph algorithm (GG). The node only placed and run on roads, but also they areildlised
selects a vertex from the graph using a right-hari. non-uniformly along the roads. The network topolagy
This rule states that when a node firstly entets the composed similar to the topology of roads. If a eod

recovery mode, its next hop is a node which has a 9enerates a planar graph in the network topologg, t
routing efficiency will be dropped due to a lack of

redundant information which is one of the tangible
advantages of ad hoc networks.

minimum included angle toward counterclockwise he t
destination node. Afterwards, the next hop is setijaky
a counterclockwise node for the previous node uhgl

packet reaches a mode conversion node where the3 Greedy Border Superiority Routing (GBSR)
packet's mode is returned back to the greedy mode.

Whenever a node has a packet to forward in thevezgo The GBSR protocol is a position-based routing oo

mode, the node generates a planar graph for theepac  yhich utilizes the greedy forwarding. The protocohsists
and that involves much processing cost. of two modes like GPSR algorithm; one is a greedyen
2.1 The Weakness of Greedy Forwarding in High  the other is a recovery mode. In the greedy modekets
] ] o are forwarded to nodes which are closer to theirdsgin
Mobile Vehicular Communications node of the packets than the current node. Wheackep
] ] ) reaches a local maximum, the node switches to the
The role of HELLO beacon is very important in thesh  recovery mode for the packet. In the recovery madis,
of geo-graphical routing pro’tocols..These protogolke ot efficient to forward backward in short distartheough
use of neighboring nodes’ location to make a route pjanarized links in the vehicular network scenaridhe
decision. In order to exchgnge location informatmmong best way to recover from the local maximum is tkentne
nodes, every node periodically broadcasts a HELLO packet reach a conversion point as fast as possiole
beacon which includes its ID and position inforroati packet can be hopped up to a radio boundary nodeein
Every node keeps the information obtained from the rgcovery mode of GBSR. It is possible to involvenso
beacon on its neighbor list, and removes out-oédat gigje nodes on its neighbor list, and the prokgbii
information from the list using a timeout mechanism routing failure will be raised. In order to overcerthis
Greedy routing protocols are influenced much to the ghortcoming, the GBSR protocol manages its neighisor
integrity of neighbor lists according to their rmg  54aptively. When a node receives a HELLO beacan o
policies. In the vehicular networks, the integuafylocation neighbor node, the node compares the current toca
information on the neighbor list goes down becafsthe  the neighbor node with the previous location of.tie
high mobility of vehicles. The coherency of neightiist node can obtain some useful information during the
can be strong by assigning a shorter period of HELL rgcedure. Every node takes advantage of thisrirdtion

beacon, but it sharply increases the network lodts. 59 manages its neighbor list more effectively.
matter how the period is reduced, neighbor listsy ma

include some stale information in the VANET envinzent. 3.1 Adaptive Neighbor List Management
In the greedy forwarding mode, a node selects thetm
close neighbor node toward the destination nodengrite
neighbors and forwards a packet to the node. The
probability of staleness can be relatively high the
farthest node, and is closely connected with rgutin
failures.

All of the nodes in a network periodically broadcas
HELLO beacon including their location. Nodes reasv
the HELLO beacon get the distance variation, speed,
moving direction of originator of the beacon with
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comparing the current position with the previousifion

of the node.

When a node receives a HELLO beacon from an unknown for all v Ndo for all w Ndo

neighbor, the node regards that the neighbor nade i

getting closer. In other case, the node receivelEbl O if (v == w) then continue;

beacon from a known neighbor node. When the node is

aware that its current position is farther than phevious elseif (dist(u,v) > dist(u,w) &&

position of the neighbor node, it can predict tliag dist(u,v) > dist(v,w) && is_same_direction(v,W)
neighbor will be a stale node in a certain timeHBLLO then

beacon is processed by the below rules:
eliminate edge(u,w); break;

1) If a node receives a beacon came from an end if end for
unknown node, the node makes an entry for a new
neighbor node and regards as a node getting end for
closer. The STALE flag of the entry is set by
FALSE. This node’s entry can be referenced for
routing decision. T WhereN is a full list ofu’'s neighborsy andw areu’s

neighborsdist(u, v)means the distance betweerandyv,

2) When a node receives a beacon coming from aandis_same_direction(v,wiunction returns a value among
known node, the node compares that node’sthe 1(the same direction), O(other direction), and hé(t
current location with the previous one. If the opposite direction). If and only if the two node® dhe
distance between two nodes is less than before,same direction or the opposite direction the li@hn de
then the node just updates that node’s information.eliminated from the full graph so that the road-ewdes
Otherwise, the node calculates the expectedcan be selected among the vehicles on the road.
position of that node in the next period using the
current speed and direction. If the expected In the GBSR protocol, the next hop is selected hy t
position is out of its coverage, the node assignsright-hand rule like GPSR protocol. A node extraats
TRUE on the STALE flag of that node’s entry. border superior sub-graph from its neighbor list aalects
Else, the node updates that node’s entry. a neighboring node having the shortest includedlieang

toward counterclockwise from the virtual edge betwéne

3) When a node did not receive any beacons from  corresponding node and the destination node. Tleetsd

a known node for the neighbor timeout period, tbden  node becomes the next hop in this mode. With the su
removes that node’s entry from its neighbor list. graph, packets in the local maximum are greedily
Every node does not use the stale node being J8ETR transmitted through detour route. As soon as augiat
the STALE flag for routing decisions. The stale @od mode conversion point, the packets are forwardetth wi
entries are naturally purged by a timeout mechanism greedy mode.

3.2 Enhanced Recovery Mode 4. Performance Evaluation

In this section, we show the performance of the Al
A packet in a recovery mode is needed to forwarthiaas evaluate the GBSR protocol by comparing the prdtoco
its radio range allows until the packet reachesretjon with GPSR protocol. This paper focuses on the imgdo
point on the road segment. In order to generatereel recovery mode in the GBSR. The practical perforreanc
superior sub-graph, the GBSR protocol eliminates th variances are appeared in the recovery mode bethese
overlaid links from the neighbor list if only botf nodes operations of both GPSR and the GBSR are identicall
are on the same road. The road segment can be&ame in greedy mode.
distinguished with the direction of nodes. Network simulation parameters
Each circle indicates the radio coverage of nodendw The simulations were implemented using the NS-2
respectively. Theode vV, v*, andw are neighbor nodes  simulator. All of the simulations have been measu@sS
of nodeu. Thelink(u,v) andlink(u,v") are overlaid by the  (Geographical Information System) and Manhattan
link(u,w). So, thelink(u,v) can be eliminated bink(u,w) mobility model to evaluate the protocols. We uélithe
but the link(u,v”) can not be eliminated by tHik(u,w)  mobility models offered by Generic Mobility Similan
because they have different directions. Thie(u,v’) is not  Framework (GMSF). The area size of both models is
deleted since the link is not overlaid by thek(u,w). The  3000m( 3000m. The map for the GIS model is located in
algorithm of GBSR sub-graph is as follows: the downtown area of Zurich, Switzerland.
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The GIS mobility model applies the car-following ded
where cars do not overtake others and the traiiot |
model where cars follow traffic signal at intersens.
Each node either accelerates or decelerates asuigion
and follows the speed limitation. The Manhattan itityb
model applies the car-following model and the sigm
model. Each node stops at the intersection for iéevamd
either accelerates or decelerates as its situétion The
maximum speed of nodes limits by 15m/s (54km/h)a If
node reaches a border line, then the node retorribet
area in the both mobility models so that the numbfer
nodes is not changed during simulations. Both obititp
model include macro- and
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Experiment Results

The adaptive neighbor list management
performance .A routing node can distinguish staldes
from its neighbor list with the ANM.

09
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Fig. 6. The packet delivery ratio as network load ~ Fig. 7. The packet delivery ratio as packet sizes

micro- mobility features. Every experiment makes ©o$
the same mobility models and different network ficaf
models. We get the average values after simulatidg
times with different network traffic models.

TABLEI
NETWORK SIMULATION PARAMETERS

Parameter Value

100-1000 nodes

10% of CBR source (5-25%)
Interval 200ms

512 bytes (256-1280 bytes)
IEEE 802.11 MAC

The number of vehicles
The network traffic loads

The packet size
MAC protocol

MAC transmission rate 2 Mbps
Transmission range 300meter
HELLO beacon interval 1 second

Simulation time 300 second

As a result of the management scheme, the rabetedf-
range forwards was lessened almost 0%. Fig. 4 atekc
the ratio of out-of-range forwards. We can see hoany
out-of-range forwards happened in the simulatioitk the
graph. Every out-of-rane forward directly is corteec
with routing failure. In the original GPSR, the roen of
out-of-range forwards increased constantly accgrdim

the node density. The GPSR with the ANM(GPSR-A) and
GBSR applied the ANM. The two protocols kept the

almost 0% regardless of the density of nodes. Tebh
range forwards are a reason of significant roufaityre.

schemeAll GPSR experiments have been simulated using GRSR

since now in our experiments

Packet delivery ratio

49

Because GIS and Manhattan mobility models are quite

different, the packet delivery rates of each moded
showed separately. Packet deliver failures weretlynos

occurred by packet collisions. Sometimes packetse we

fallen into loop, and the routing protocols droppeatkets
due to the time to live problem when the node dgngas
relatively low.In Manhattan mobility model, two piozols

showed few differences because most packets were

forwarded with the greedy mode. But because thereaa

lot of recovery modes in GIS model, the GBSR shows

better performance than GPSR in recovery mode.

Fig. 6 and Fig. 7 show packet delivery ratio asmoek
load variation and packet size variation respebtivEhe
number of packets steadily is increased accordinghe
CBR source nodes are increased. Although the nuwiber
successful deliveries increases, the packet dglinatio is
dropped in both protocols according to the netwlodd
changes. It means that the packet collision raiteci®ased
according as the number of forwards increases.ploket
delivery ratio is decreased according as the sizeaoket
is increased by the same reasons of the netwodsIdghe
length of packets is longer, it took more the traission
time. As a result, the packet collision rate isréased as
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the size of packet increases due to the transmigsite. In this paper, we have presented an adaptive neidigh
The delivery ratio of Manhattan shows better penfamce management scheme along with greedy border sujtgrior
than that of the other because nodes in the model a routing protocol. The adaptive neighbor list mamaget
distributed more regularly than the GIS model. BRBSR scheme was easily treated without any additional
protocol lessened the number of forwards with the information. The scheme distinguishes stale nodesng
enhanced recovery mode. The result of enhancemasnt w the nodes on the neighbor list in comparing thesiptes
emerged into the lower collision rate and it cdnites to with current position of neighbors when a HELLO tea
improvement of the network performance. The GBSR is received. The GBSR protocol makes use of theldyor

protocol shows better performance for all cases. superior graph instead of the planar graph in dmvery
mode. The graph of a node is a subset of thedodlllinks
Forwarding related performances to its neighbors, and only the links to road-endewin the

boundary are remained on the graph. A packet ilobed
Fig. 8 shows the proportion of greedy mode to recpv ~ maximum can be greedily forwarded to next node With
mode. The upper side of the graph is the raticeobvery ~ graph. With GBSR, routing protocols could get ahleig
modes. As mentioned before, the nodes were morepacket delivery ratio, lower delay, and larger hiigtance
regularly distributed in the Manhattan mobility nebthan ~ as shown in the simulation results.
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