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Abstract - Routing is a process of moving a packet of data from
source to destination. A Vehicular Ad-hoc Network is a type of
Mobile Ad-hoc Network that is used to provide communication
between nearby vehicles and between vehicles and fixed
infrastructure on the road side. At present the major drawbacks
of MANET are overhead which is caused by broadcasting the
request message and unstability of routes in the scenario of high
mobility. Both these problem can be tackled with abstraction of
Virtual Node Layer, which covers the network area with static
Virtual Nodes.The intention of this project is to enhance the
Virtual Node Ad Hoc On-Demand Distance Vector (VNAODYV)
to Virtual Cluster Ad Hoc On-Demand Distance Vector
(VCAODV) protocol. The packet loss and link breakages can be
reduced by this routing method .The security can be provided
during packet transmission. The simulation experiments are
done using ns3 simulator . It also gives better performance in
terms of packet delivery fraction in VANET scenario.The
VNLayer and the adaptation of AODV to work with VNs, proved
using mathematical analysis . Our solution will achieve better
performance in terms of overhead, packet delivery fraction, and
latencies in VANET scenarios.

I. INTRODUCTION

The virtual node layer (VNLayer) was a set of procedures to
turn mobile ad hoc networks (MANETS) into more predictable
and reliable communication environments. The idea was to
engage the mobile physical nodes (PNs) in collaboration to
emulate virtual nodes (VNs) that remain in known grid
locations. The geographical area of a MANET is divided into
square regions, whose size is chosen so that every PN in a
region can send/ receive messages, at least, to/from every
other PN in that region and in the neighboring regions. the
corresponding region; one of them is chosen as the leader in
the region and becomes the primary responsible for packet
reception, buffering, and forwarding, whereas a subset of non-
leader nodes is designated as backups to maintain replicas of
the relevant state information. This way, the VNs can maintain
persistent state and be fault tolerant even when individual PNs
fail or leave the region as long as there remains at least one
PN in the corresponding region.

The key point about the VNLayer is that it resides between
the link layer and the Internet layer so that the VNs can be
addressed as if they were static server devices. The interface
to the network layer exposes the notion of regions, the role
played by the corresponding PN at the moment and a set of
functions to send/receive messages and to get/set/check state
information. This design helps mask the uncertainty that arises
from the MANETS’ varying topology and from the fact that
the physical devices can fail unpredictably. As explained in,
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the VNs can make it easier for developers to work at the
mobile nodes’ upper layers since they do not need to deal with
the complexities of mobility, location checking, leader
election, packet buffering, and state replication. In addition,
virtualization creates a level of hierarchy in the otherwise flat
MANETS, which brings in opportunities to redesign MANET
protocols to operate more efficiently and reliably.

We have been looking at the question of whether the
VNLayer constructs could also yield better communications in
the more specific (and demanding) realm of VANETS, which
are progressively becoming a topic of interest for automotive
companies to provide innovative communication services on
roads and street. Then, we made experiments using the
VANET simulator presented in which revealed several
sources of inefficiency, both in the VNLayer constructs and in
VNAODV. These are related to features that worked well in
MANET scenarios but became inefficient when faced with the
mobility models of VANETS, which feature comparatively
faster movements conditioned by factors such as road course ,
urban planning, and traffic regulations. In response to this, we
have designed, implemented, and tested a number of
refinements that achieve better performance in the vehicular
environment. Our contributions to the virtualization layer have
to do with the following points:

* A new leader election procedure that involves fewer
message exchanges, reduces idle times, and gives
priority to the backup nodes that have an up-to-date
version of the outgoing leader’s state.

« A mechanism to deal with cases of duplicate
leaderships, avoiding problems of VN consistency and
amplified data traffic.

» A new approach to the designation of backup nodes to
enhance the resilience of the VNs and reduce the amount
of overhead generated to keep the consistency with the
leaders.

» A new mechanism to maintain the state of VNs whose
regions run (temporarily) out of supporting PNs.

» Some changes to the interface to the network layer,
needed by the aforementioned features and allowing to
keep the semantics of link layer services such as the
request-to-send (RTS)/clear-to-send (CTS) mechanism
of IEEE 802.11.
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Our contributions to the network layer, in turn, include the
adaptations needed for the virtualized version of AODV to
exploit the new features of the virtualization layer and new
mechanisms to update the multi-hop routes gracefully in
response to the region changes of sources, destinations, and
intermediate PNs. The refinements at the virtualization level
have been put into a new version of the VNLayer that we
called the VaNetLayer, whereas the changes at the networking
level lead from the original VNAODV to a new version we
will refer to as VCAODV.

The following sections provide a closer look at the pro-
cedures of leader election, backup designation, and VN state
maintenance. M_LeaderLeft: used by a leader node to
inform the non-leaders that it is leaving a region. There
were also four different timers:

T_LeaderRequest: used to control how long a node waits
to send a LeaderRequest message after entering a new
region or after hearing that the current leader has left;

* T_RequestWait: used to control the time a node waits to
decide it is not going to hear from a leader after sending
an M_LeaderRequest message;

» T_Heartbeat: used by leaders and non-leaders to control
when to send or expect M_Heartbeat messages;

» T_LeaderElect: used by nonleaders to decide when to
start a leader election in the absence of M_Heartbeat
messages.

In our first approach to using the VNLayer to support com-
munications in VANETS, we replicated the implementations
of both the VNLayer and VNAODV as per the extensive
details included. To check the validity of our software, we
replicated some of the simulation experiments reported for
MANETS, and the results were practically identical to those
already published. Therefore, we moved on to doing
experiments with VANETSs using the simulator. Thus, we
identified four sources of inefficiency in the VNLayer
constructs.

» The leader election procedure reacted very slowly to
leader withdrawals (i.e., to the receipt of M_LeaderLeft
messages), mainly because of the waiting times in the
UNKNOWN state. This impinged heavily on the
communications in scenarios of high mobility since the
VNs were down during a non-negligible portion of the
average time that the vehicles remained in the respective
region.

» The leader election procedure could also designate as
new leader either a node that was not acting as a backup
or a non-synchronized backup node, even in cases that
there were synchronized backups in the region. As a
result, the previous exchanges of M_SyncRequest and
M_SyncAck messages became pointless overhead and
new synchronizations were triggered immediately.
Furthermore, state information from the upper layers was

lost unnecessarily, and the routing algorithm on top of
the VNLayer could not work properly, inasmuch as the
inconsistent data in the routing tables of the different
VNs resulted in lost data packets, routing loops, and
other problems.

* Due to the probabilistic nature of the backup designation
process, there was always a chance that not a single non-
leader would choose to work as a backup node. We saw
this happen quite often regardless of vehicle density be-
cause the probability driving the CTF would decrease
with the number of nodes in the regions. Having no
backup nodes (or too few of them) in a region has a
significant impact on the resilience of the VNs. To make
matters worse, there were no mechanisms in place to
replace outgoing backup nodes by other non-leader
nodes in the region.

Only newcomers could take up their place, but the vehicles
typical flocking behavior resulted in many situations that the
number of backups would decrease even if the number of PNs
in the regions increased.

» Finally, we found it critical that the VNLayer does not
make any attempts to preserve the state of the VNs when
their regions run out of supporting PNs. This may not
have been a problem in MANET simulations because
the typical mobility models would yield more or less
uniform counts of PNs over the different regions. With
proper mobility models for VANET studies, in contrast,
we found that it is much more likely to have regions
depleted temporarily; for example, the presence of
vehicles on the extremes of street stretches controlled by
traffic lights is very uneven and bursty, i.e., sometimes
there are many, and sometimes there are none. This
implies an increased probability of VN failures that had
a significant impact on the communications.

I1. NEW PROCEDURE FOR LEADER ELECTION

Our new procedure for leader election tackles the problem
of slow reaction to leader withdrawals by removing the
UNKNOWN state and rearranging the transitions between the
remaining states. It is noticeable that we have also removed
the UNSTABLE state, but this was just because that state was
redundant with the use of a counter of T_Heartbeat
expirations. The major changes here are as follows.

 First, when non-leaders receive the M_LeaderLeft
message following the departure of the leader, they
change state to REQUEST and start their T_RequestWait
timers. The PN whose timer expires first becomes
LEADER and immediately sends out an M_Heartbeat
message to force the other nodes into NON-LEADER
state. There is no T_LeaderRequest as in (which implies
less waiting), and the initial values of the T_RequestWait
are chosen to ensure that the best possible candidate is
chosen as a new leader: low values for nodes that were
synchronized backups, midway values for non-
synchronized backups, and high values for the other
non-leaders.
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« A new mechanism is in place that allows to completely
by pass the T_RequestWait timings. This mechanism
allows establishing priorities among synchronized
backup nodes so that the one with the highest priority
(indicated by PriorityBackup in can immediately
transition from NON-LEADER to LEADER state.

« When a node moves to a new region, its state changes
directly to REQUEST and immediately applies for lead-
ership by sending out M_LeaderRequest. If there was
already a leader in the region, the newcomer will receive
M_LeaderReply and change state to NON-LEADER;
otherwise, it becomes a leader in much shorter time than
possible. This approach speeds up the establishment of
VNs in regions that had emptied out and also shortens
the downtimes due to lost M_LeaderLeft messages:
Instead of waiting for two T_Heartbeat periods, it
suffices to wait until a new node arrives in the region.

I11. DEALING WITH DUPLICATE LEADERSHIP

The fact that there are fewer messages and waits involved in
leader elections than in the previous version of the VNLayer
may entail a greater risk of duplicate leadership in lossy
environments. For example, if two nodes, PN X and PN Y,
rush into REQUEST state at the same time after hearing
M_LeaderLeft from the previous leader, the one whose
T_RequestWait timer expires will change to LEADER and
broadcast M_Heartbeat; however, if this message is lost, the
T_RequestWait timer of PN Y will expire shortly after and PN
Y will become LEADER, as well. Likewise, a newcomer to a
region can get into the LEADER state even if there is already a
leader in it just because the M_LeaderReply that would send it
to NON-LEADER is lost. With the state machine, duplicate
leadership would appear after losses of two messages; with
our proposal, only one loss is needed.

Duplicate leadership can be very harmful. For example, if it
is a routing algorithm like VNAODYV that sits on top of the
virtualization layer, duplicate leadership implies that a VN can
for-ward the same data message multiple times toward the
next hop, causing amplified data traffic. Second, since new
self-claimed leaders may not know any routes, data packets
sent to them can trigger incorrect data packet drops and
unnecessary route discoveries. This disrupts the data
forwarding and increases the traffic overhead. Third, when
there are multiple leaders in a region that has different upper
layer state information, each incoming message could trigger
state synchronization in the region, increasing the
synchronization overhead, which, in turn, could cause even
more duplicate leadership.

IV.BACK TO AODV TRANSMISSION SCHEMES

A major source of problems with VNAODV was the fact
that control and data packets could be delivered by broadcast,
even if they were aimed at a specific node, i.e., specifically,
the VNLayer would use broadcast instead of unicast when the
region activeness table of one node did not contain the MAC
address of the next hop .

Broadcast made communications more unreliable and
made it necessary to implement passive acknowledgments for
route maintenance which implies that links can be flagged as
broken only after a certain period of idleness.

In consequence, the reporting/repairing actions are started
much more slowly than in AODV to the point that they may
fail to follow the pace of movement of the vehicles. This prob-
lem is aggravated in VANET scenarios since our simulations
showed that, due to the characteristic features of node mobility
in VANETS, broadcast was used much more often than in
MANET settings(a 5%-10% increment).

Plain AODV uses unicast whenever it is known which node
is intended to receive one packet, leaving broadcast only for
packets that may be processed by any node. Due to the
modifications in the interface of the VVaNetLayer with regard
to the VNLayer, we can follow the same approach in
VCAODV, ensuring that control packets such as RREP and
RERR and data packets are transmitted via unicast between
VN leaders.

To this aim, the entries of the routing tables contain not
only the region id of the next VN in the routes (next_region
field) but also the IP address of the node that is expected to
handle the messages there (next_hop field).

To preserve the ability of keeping backup nodes and leaders
synchronized, we set the link layer in promiscuous mode so
that it hands over all the packets it hears in the shared wireless
medium to the VaNetLayer, which, in turn, raises them to
VCAODV. Up in the network layer, each PN can process the
packets as mandated by its role, just like in VNAODV:
Leaders and back-ups process the control packets to update
their routing tables, leaders forward packets on to the next
hops, backups do consistency checks.

This way, VCAODV is less exposed to collisions than
VNAODV, it can handle link layer notifications to detect link
breakages more quickly, and, finally, it is relieved of the
computational burden of keeping track of passive
acknowledgments.

New Route Correction Procedure

Our second point of concern about VNAODYV relates to the
procedure of route correction by destination . This mechanism
does serve to avoid a number of link breakages as the
destination nodes move, but if we change the transmission
schemes of the virtualization layer as previously explained, a
subtle flaw appears that causes packet drops in PNs that
support heavy traffic. Hop-by-hop forwarding (instead of
region-by-region). It is still apparent that route corrections
serve to shorten routes and reduce packet delivery times, but
there is a shortcoming.

The problem of packet losses with the route correction
procedure of Wu et al. arises because the entries of the routing
tables get new next_hop values before the MAC addresses of
the corresponding nodes are known. In response to this, we
have changed the communications as follows.
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1) When a destination node notices a wrong next_region
value in a received packet, it broadcasts an RREQ
message as if it were trying to discover a route to the
source node but indicating TTL = 1.

2) When the RREQ message is processed by the leaders of
neighboring VNs, they send RREP messages by unicast
to PN B indicating whether and how PN A can be
reached through them.

3) Finally, PN B sends one final RREP message via unicast
to each one of the replying nodes so that they can update
the entry corresponding to PN B in their routing tables.

With this procedure, all of the neighboring leaders will have
their routes to the destination node corrected only after they
have exchanged RREP messages via unicast with it
Therefore, their region activeness tables will always contain
the necessary IP-MAC mappings, and the refreshed routes can
be used with no delay. Therefore, we avoid the risk of buffer
overflow and packet loss. Admittedly, the exchange of
messages takes some time to complete, but this does not cause
any trouble because the packets are transmitted through the
original routes in the meantime.

Flow Diagram

Node formation

Region selection

Location updation

Cluster selection

VCAODY Routing
process

Any

Efficient packet collision

delivery

Cluster node take
over the process

MODULES
Module 1: ( Creation of VANET topology-DSDV Protocol )

Create a Vehicular Network topology with more
number of vehicles and RSUs(Road Side Unit) implement
IEEE 802.11p protocol and Destination-Sequenced Distance-
Vector Routing (DSDV) and use Adhoc On-Demand
Distance Vector Routing Protocol to transmit the message
from sender vehicle to receiver vehicle.

Module 2: (Implementation of VNAODV )

Create a Vehicular Network topology with more
number of vehicles and RSUs(Road Side Unit) implement
VNAODYV ( Virtual Node Adhoc On-Semand Distance Vector
) Routing Protocol to transmit the message from sender
vehicle to receiver vehicle.

Module 3: (performance analysis of VNAODV)

Packet delivery fraction, Throughput, packet loss are
measured for VNAODV and outputs are shown using graphs..

Module 4: (Implementation of Load balancing VNAODV
algorithm)

Create a Vehicular Network topology with more number of
vehicles and RSUs(Road Side Unit) implement Load
balancing VNAODV Routing Protocol to transmit the
message from sender vehicle to receiver vehicle.

Module 5: (performance analysis of VCAODV)

Packet delivery fraction, Throughput, packet loss are
measured for Load balancing VNAODV Routing
Protocol are measured and outputs are shown using graphs.

Module 6: (comparison )

compared VNAODV Routing Protocol with Load
balancing  VNAODV Routing Protocol using measured
parameters ( Packet delivery fraction, Throughput,packet loss
) and outputs are shown using graphs.

V. SIMULATION EXPERIMENTS AND RESULTS

To validate our proposals, we have made simulation experi-
ment in ns-3 environment. The ns-3 (release 3.21) was used
to simulate communications based on the IEEE 802.11p
standard with wireless signals

In the comparison of the protocol stacks we have looked at
the following metrics:

« total overhead, adding up the routing overhead and the
virtualization overhead in the cases of VNAODYV and
VCAODV.

Fig 1: Node communication
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Fig 2: Region selection and route discovery

« packet delivery fraction: the ratio between the number

of packets delivered to the destinations and the humber
of packets sent by the sources. Packet delivery ratio is
directly proportional to the performance.

end-to-end delay: the average time it takes for
packets to reach their destinations after they are sent by
the sources.

Fig:3 Reduces packet loss during the data transmission to the destination.

VI. CONCLUSION AND FUTURE WORK

we can confirm that the changes we have made to the
VNLayer and the VNAODYV algorithm do serve to increase
the benefits of a virtualization layer when it comes to
supporting a reactive routing algorithm like AODV in the
demanding realm of VANETSs. The new procedures we have
put in the VaNetLayer turn the VANETS into more responsive
and reliable communication environments than possible with
the VNLayer. This comes at the expense of some greater
computational cost, i.e., there are several processes running
behind the scenes, but this should not be regarded as a
problem inasmuch as VANET nodes are not subject to the
strict energy, space, and computing capability restrictions of
MANETS. In turn, our VCAODV algorithm harnesses the new
procedures of the virtualization layer to prevent or resolve
route breakages much more effectively than AODV and
VNAODV, which ultimately results in greater packet delivery
ratios and lower latencies. It is worth noting that, although
VCAODV is a refinement of VNAODV, it is not conceptually

further from AODV but rather the opposite due to the way it
handles unicast and broadcast transmissions and link layer
notifications. Overall, our simulation experiments have shown
that the combined proposal of having VCAODV on top of the
VaNetLayer is competitive with regard to the state-of-the-art
in VANET routing, at least in urban scenarios.
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