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Abstract: Vehicular ad hoc networks (VANETs) are a key technology for intelligent transportation system providing different
services in safety and entertainment applications. Routing in VANET encounters high mobility of nodes, heterogeneous node
distribution and dynamic network topology. These characteristics of the VANET demand a routing protocol capable of inhibiting
intermittent connectivity due to network fragmentation. The proposed work is a connectivity-aware intersection-based shortest
path routing protocol (CISRP) for VANETs in an urban environment. The CISRP has been designed to look into the prevailing
road conditions and route the packets in a less congestion and less link breakage path to avoid intermittent connectivity. The
results evaluated show the enhanced performance of the CISRP protocol.

1

Introduction

Vehicular ad hoc networks (VANETs) are a subset of mobile ad
hoc networks formed between vehicular nodes to communicate
among themselves without the pre-deployed infrastructure. It is a
key technology for intelligent transportation system (ITS) to realise
the wide variety of applications ranging from safety to traffic
management [1]. Modern vehicles are embedded with
IEEE802.11p for wireless access in the vehicular network to
communicate between the nodes [2]. The high mobility of vehicles,
dynamic network topology, uneven distribution of traffic density
(TD) and unreliable wireless channels are some of the inherent
characteristics that challenge the design of the reliable multi-hop
routing protocol to transmit the data packets [2].
Over the years several routing protocols have been designed to
support varieties of applications in VANETs [3, 4]. These routing
protocols can be broadly classified into two categories: topologybased and geographical routing protocols. The topology-based
protocols utilise the entire topology and link information to
establish the routing path and the geographical routing protocols
use the position information of the nodes to forward the data
packets. The geographical routing protocols adopting the greedy
method can cause transmission errors due to high signal attenuation
in the wireless link and has a higher probability of a forwarding
node moving out of the communication range before receiving the
data packets [5].
The high mobility of vehicles, intermittent connectivity due to
dynamic topology and uneven distribution of TD are some of the
inherent characteristics that challenge the design of a reliable
multi-hop routing protocol [6]. There are multiple interrelated
factors that impact the quality of the routing path such as vehicle
mobility parameters, wireless link quality, and heterogeneous
traffic conditions. Henceforth designing a routing protocol for
VANET considering a single routing metric will not suffice.
Moreover, the dynamic mobility metrics such as speed, distance,
and direction of vehicular nodes lead to frequent network
fragmentation and route reconstruction challenging the protocol
performance. The routing protocol built has to inhibit intermittent
connectivity by looking into the prevailing road conditions and
route the packets in a less congestion and less link breakage path.
An intersection-based geographical routing protocol is more
suitable for an urban environment where the mobility of vehicles is
constrained by the traffic policies, traffic signals and the radio
signals are attenuated by the obstacles such as buildings and
tunnels etc. [7]. The existing geographical routing protocols of the
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urban environment could be further improved considering the TD
and vehicular mobility metrics since the moving velocity of the
vehicles, the distance between the vehicles and vehicle density on
the road may impact the performance of a protocol [8–11].
The present work is focused on a novel connectivity-aware
intersection-based shortest path routing protocol (CISRP) for
VANETs in an urban environment. This work utilises the digital
map information to identify the junctions and positional
coordinates to compute the shortest path between the source and
destination of vehicles. The key role of CISRP is as follows:
i.

ii.

iii.

iv.

v.

2

In the CISRP protocol, a source vehicle Vs at every junction J
obtains the shortest path to destination vehicle Vd by
leveraging the spatial data (e.g. OSM) to route the data
packets.
Threshold value TDmax for the TD is computed for the road
segments between the junctions and the forwarding cell C is
selected if the TD lies within the threshold values avoiding
intermittent connectivity in a heterogeneous network. The
proposed protocol considers the threshold value such as to
reduce congestion in the high density and also assures a better
communication in a sparse traffic condition.
Considering the fact that high mobility of vehicular nodes
results in communication disruption, the average velocity SPavg
of the vehicular node is computed and the vehicle which is
close to the average velocity is selected as the next forwarding
vehicle.
The distance between the source and forwarding vehicle has a
significant impact on the performance of the protocol. The
average distance between the vehicles is computed and the
vehicle which is closer to the average distance is selected to
forward the data packets between the junctions.
A comparative analysis is performed with the existing greedy
perimeter stateless routing (GPSR), enhanced greedy trafficaware routing (E-GyTAR), traffic flow-oriented routing
(TFOR) and segment vehicle, link quality and degree of
connectivity based geographic distance routing (SLD-GEDIR)
[11] using SUMO and OMNET++ /INET simulators.

Related work

There are several position-based routing protocols proposed for
working in VANETs. Geographic stateless VANET routing [12]
employs a digital map to reactively discover the routing path. The
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Fig. 1 Routing scenario in a heterogeneous environment

optimal forwarding path algorithm solves the void and sparse
connectivity problem to obtain the shortest connected path by
finding the weight for each road based on vehicle density and
distance to destination. A connectivity-sensed routing protocol [7]
utilises the vehicle distribution information collected by
intersection infrastructure to select the road that gives maximum
progress towards the destination with better network connectivity.
The enhanced- greedy traffic aware routing (E-GyTAR) [13] is
a junction-based routing protocol for an urban environment where
the junction nodes are weighed based on the direction and the
speed of the vehicular nodes. Furthermore, the junction with
maximum weight is selected to forward the data packets to increase
packet delivery ratio (PDR) with lower latency. Irshad et al. in
TFOR) [14] consider the road topology and TD to forward the data
packets. The real-time directional and non-directional TD is
obtained to provide the highly connected routing paths with an
increased packet-delivery ratio by decreasing the average delay.
Routing between the junctions is performed based on two-hop
neighbour information.
In intersection-based connectivity aware routing (ICAR) [15],
the TD information is obtained for road segments using beacon
packets. The protocol evaluates the connectivity based on the
factors such as minimum vehicular density, the one-hop
transmission delay, and the number of intermediate forwarders.
ICAR (iCARII) [16] employs a greedy-based next hop selection
algorithm using position information of neighbouring vehicles and
received signal strength indicator. The protocol improves the
routing performance by utilising the infrastructure. However, the
protocol might not perform the same in the absence of location
centres.
Nzouonta et al. in road-based using vehicular traffic [17]
protocol consider the real-time traffic and junction information to
establish a stable road-aware routing path between the vehicles.
Multiple parameters such as the distance between the next hop and
destination, the transmitter distance and the received power level
are considered to select the optimal forwarding node. VANET load
balanced routing [18] protocol balances the network load by
employing congestion feedback to switch to less congested routes.
The source vehicle computes the shortest paths towards the
destination and the intersections in the shortest path are placed in
the header of the packet and the packets are forwarded to the
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intersections. The weight of each road segment is assigned based
on its length and vehicular density. Frequent path switching may
happen in this protocol due to traffic congestion causing an
increase in packet loss and delay. Connectivity-aware intersectionbased routing [6] addresses the intermittent connectivity problems
in routing by choosing a highly connected route. However, since,
the protocol operates in the centralised mode it leads to operational
complexity. The protocols defer since it considers a highly
connected route which has a high possibility of causing congestion.
The multiple routing metrics such as link quality, moving
direction and forward progress of vehicular nodes are considered in
beaconless-packet forwarding protocol [19] to select the next hop.
The protocol performs better in terms of PDR and delay.
Connectivity-aware minimum-delay geographic routing [20]
protocol deploys a novel path selection mechanism adaptable to the
density of vehicles in the road network. The protocol shows
improved performance when compared with existing protocols.
However, the deployment of the gateways may increase the
complexity of the protocol.
The DIVERT [21] is a technique using a distributed routing
algorithm to avoid congestion and reduce overhead and delay. The
work performs scalable routing by leveraging both cellular and
VANET communication. Minimum delay routing algorithm
(MDRA) [22] utilises an analytical framework to reduce the
propagation delay while transmitting the data packets. The
analytical framework estimates the path delay and packet transfer
delay which is availed in MDRA to optimise its performance.

3 Connectivity-aware intersection-based shortest
path routing protocol
The urban environment of VANETs is challenging with varying TD
and a unique mobility pattern. Henceforth, the routing protocol
designed must be aware of the different network conditions to tune
itself to the changing environment of the network. The density of
vehicles does not indicate the possible occurrence of congestion or
intermittent connectivity in a road segment. For example, the
TFOR selects the junctions based on the TD in a segment. Assume
the scenario depicted in Fig. 1.
The figure illustrates the routing problems in an urban VANET.
The source vehicle Vs holding the packet in the current junction
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Fig. 2 Obtaining one-hop neighbour information

Jcurrent wants to transmit data packets to the destination vehicle Vd.
The road segment identified as R1 has a higher density degrading
the performance due to congestion. On the other side, the road
segment R2 is having a sparse connectivity leading to network
disconnectivity. Hence the packet carrier vehicle drops the packets
due to the local maximum problem. The road segment R3 is having
network fragmentation due to the intermitted connectivity. The
TFOR makes its routing decisions based on the density of the
vehicles on the road and do not look into the intermittent
connectivity and congestion in the road segment. Henceforth, the
road segment R1 or road segment R3 will be chosen by TFOR
which might not be an optimal routing decision. The protocol
might fail to perform under heterogeneous network conditions in a
realistic urban scenario. The present work proposes an enhanced
routing protocol called CISRP to select the moderately dense route
V s → R4 → R5 → V d considering the other available road segments
R4 and R5 to deliver the data packets. This is indicated by a solid
red line.

backtracks the packet to the junction vehicle VJcurrent and fetches
the next shortest path. If the source vehicle Vs is not at the junction
then the data packet is forwarded to the vehicle in the immediate
junction. The sequence of interactions between the different objects
is shown in the sequence diagram (Fig. 3). The following steps
discuss the functionality of CISRP in a step by step method.

3.1 Functionality of CISRP

iv.

This section discusses the functionality of CISRP routing protocol
where the data packets are transmitted from Vs to Vd in the shortest
path through multiple junction vehicles. The main objective of the
CISRP is to predict the node connectivity between the forwarding
vehicles in a route so that the packet can be sent in a most
connected path. Each vehicle maintains a neighbour table in which
it records the position, speed, roadid for every other vehicle within
its vicinity. This information is updated periodically through the
beacon packets sent at a given time interval to be aware of its onehop neighbour information as illustrated through a sequence
diagram in Fig. 2.
The source vehicle Vs is assumed to be at the junction Jcurrent.
The VJcurrent obtains the shortest path to the destination vehicle Vd
from the digital map and stores in the database sorted by the
distance. The first road segment in the shortest path is fetched from
the table and the neighbour junction Jneighbour is identified. If
Jneighbour is within the range R then the packet is forwarded to the
VJneighbour if VJneighbour is V d then the data packet is received
otherwise the same procedure is repeated with the VJneighbour as
VJcurrent. If VJneighbour is outside the radio range R then the data
packet is forwarded between the two involved junctions. The
threshold value for TD TDmax in a given rectangular cell C is
computed as in (1). If the TD of the forwarding rectangular cell C1
lies within the threshold value then the forwarding vehicle VC1 is
selected by obtaining the average speed and distance as in (2)–(4)
to forward the data packet.
If the TD of the forwarding cell in a road segment does not lie
within the threshold value then as a recovery strategy the algorithm
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i.

ii.

iii.

v.

vi.

Let Vs be the source vehicle and Vd be the destination vehicle,
the algorithm assumes that the source vehicle Vs is at the
junction Jcurrent and is renamed as VJcurrent.
If xVJcurrent − xV d < R or yVJcurrent − yVd < R, then send the
packet to Vd and stop. Otherwise, all the possible paths from
Jcurrent to Vd is fetched by VJcurrent using spatial data obtained
from the OSM. The shortest path table SPtable is created by
the VJcurrent by sorting the acquired path based on the distance
starting with the shortest distance. Let it be p1, p2, p3, p4, …, pn.
The VJcurrent selects p1 from SPtable and let Jneighbour be the
immediate next junction in the path p1 for packet forwarding.
Let(xi, yi) be the position coordinates of a vehicle i,
(xVJcurrent, yVJcurrent), (xVJneighbour, yVJneighbour)
be
the
position
coordinates of a vehicle VJcurrent and VJneighbour which lies at
the junction Jcurrent and Jneighbour, respectively. Let SPi represent
the speed of the vehicle i.
If
xVJneighbour − xVJcurrent < R or
yVJneighbour − yVJcurrent < R ,
where R is the radio range, then randomly choose the next
forwarding vehicle as VJneighbour and forward the packet. Now
Jneighbour is replaced with Jcurrent and then go to step 2.
The road between Jcurrent and Jneighbour is denoted as Roadseg.
Compute the maximum TD (TDmax) for a rectangular cell C of
length L which is equal to radio range R and breadth B is the
width of the road, using the following formula:
TDmax =

(1)
(L × B)
.
(length × width of the smallest vehicle i)
vii Let C1 be the first forwarding rectangular cell of length L1 and
. breadth B1 as defined in step 6. The TD for C1 is obtained from
the neighbour table of VJcurrent restricted to the road Roadseg.
The vehicle VJcurrent selects the first forwarding rectangular
cell C1 if the obtained TD in C1 lies within the threshold value
2 ≤ TD ≤

TDmax
.
2
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Fig. 3 Routing the data packets from V s to V d in CISRP

Otherwise, VJcurrent selects the path p2 from SPtable and
identifies the first neighbour junction Jneighbour in the shortest
path p2 and then go to step 5.
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vii The average moving speed of the vehicle, SPavg, is computed
i. as follows:

155

N

SPavg =

∑i = 1 SPi
,
N

(2)

where N is the total number of vehicles in cell C1. The
forwarding vehicle VC1 in C1 is selected taking into
consideration the average speed and distance of the vehicle as
given below:
R
R
| < | xi − xVJcurrent +
2
2
OR
R
R
yVC1 − yVJcurrent +
< yi − (yVJcurrent + )
2
2

(3)

|SPVC1 − SPavg | < | SPi − SPavg|

(4)

xVC1 − xVJcurrent +

OR

∀ vehicle i in C1. Then the packet is forwarded to the optimal
next hop VC1.
ix. Iterate the following steps until the packet is forwarded to
Jneighbour.
If ( | xVJneighbour − xVC1 | < R) or ( | yVJneighbour − yVC1 | < R),
then randomly choose the next forwarding vehicle as
VJneighbour and forward the packet. Now Jneighbour is
replaced with Jcurrent and go to step 2.
ii. Form the rectangular cell C2 of length L and breadth B
from VC1 position towards Jneighbour. Obtain the TD of cell
C2 from the neighbour table of VC1 satisfying the
following condition:

i.

xi − xVJneighbour ≤ xVC1 − xVJneighbour
OR
yi − yVJneighbour ≤ yVC1 − yVJneighbour

(5)
.

iii. If the obtained TD in C2 lies within the threshold value
2 ≤ TD ≤

TDmax
.
2

Then the vehicle VC1 selects the next forwarding rectangular
cell C2 to choose the next forwarding vehicle. Otherwise VC1
backtrack the packet to the VJcurrent using the same procedure
and VJcurrent selects the next path from the SPtable and
identifies the first neighbour junction Jneighbour in the shortest
path and then go to step 5.
iv. The forwarding vehicle VC2 in C2 is selected taking into
consideration the average speed and distance of the vehicle as
given below:
R
R
| < | xi − xVJcurrent +
2
2
OR
R
R
yVC2 − yVJcurrent +
< yi − yVJcurrent +
2
2

(6)

SPVC2 − SPavg < SPi − SPavg

(7)

xVC2 − xVJcurrent +

OR

∀ vehicle i in C2.
Then the packet is forwarded to the optimal next hop VC3 and
step 9 is repeated by resetting VC3 as VC1. The corresponding
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pseudo-code is given below as Algorithms 1 and 2 (see Figs. 4 and
5).
The above algorithm is repeated until the packet reaches the
destination vehicle Vd as shown in Fig. 6.

4 Performance evaluation
4.1 Simulation model
The present work assumes that the vehicles are equipped with a
global positioning system for positioning and also have access to
the digital map (e.g. Google map, OSM, Map mechanics) using an
on-board navigation system that finds out the location of
neighbouring junctions and gives required city information. OSM
is open source editable map data with geographical data of an
urban street map that can be provided to a traffic simulator such as
SUMO. The OSM provides road related data which includes the
position of the vehicular nodes, various road segments, junctions
and obstacles (buildings, trees, etc.) in a road segment. It also
provides the size and importance of a street, number, and direction
of lanes. Henceforth, the road network and route information
(speed limits, traffic lights, junctions, road directions, etc.) have
been downscaled from OSM for the simulation study.
Fig. 7 shows the overview of the simulation model used for the
present work. The spatial data of the city environment used for
simulation is downscaled using geographic information system –
(e.g. OSM) as osm.xml. This file is imported into SUMO to
generate the network topology to obtain the mobility trace file of
vehicular nodes and further used as input to the network simulator
OMNET++/INET. The city map is abstracted as a graph G(V,E)
consisting of road intersections, V and road segments, E where all
the intersections are connected with road segments. The
osm2pgrouting tool is used to import osm.xml data into a
PostgreSQL database. The PostGIS is a spatial database extender
for PostgreSQL to store and query the location and required map
related information. The pgRouting extends the PostgreSQL to
provide geospatial routing functionality. The object-relational
mapping with spatial extension technique was enabled to deal with
geographic data in a standardised way to query the data. Digital
map application utilises the spatial data to find the shortest path
from Vs to Vd, identify the intersections and location information
etc. These services are accessed through the CISRP routing
protocol in a network simulator using representational state transfer
application programming interface. The interactive user interface
was designed with AngularJS enabled with a leaflet to embed a
map to the application.
4.2 Simulation setup
The road network and route information (speed limits, traffic
lights, junctions, road directions, etc.) of the urban region in
Bengaluru covering an area of 2000 m × 1500 m has been
downscaled from OSM for the simulation study. The road topology
considered for the study is depicted in Fig. 8. The downscaled data
is processed with SUMO. It is an open-source realistic traffic
simulator capable of modelling the microscopic mobility of the
vehicles to record movements of all vehicles and behaviour of
individual drivers. The mobility model parameters used by the
traffic simulator are summarised in Table 1. The trace file of
vehicular node mobility obtained from traffic simulator is imported
to network simulator OMNET++/ INET framework for simulating
the protocols. The UDPBasicBurst traffic is considered for
randomly chosen ten vehicles moving from a source to destination.
Every source sends four UDPBasicBurst traffic per second, and the
size of UDPBasicBurst packets is 512 bytes. The vehicular nodes
communicate with each other using the IEEE 802 i 1p DCF MAC
layer. The radio transmission range is set to 250 m and the
simulation is run for 600 s. The outcome of the simulations is
averaged over a set of five independent runs. The most important
simulation parameters are summarised in Table 2 [13, 14].
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Fig. 4 Algorithm 1: CISRP pseudo-code

Fig. 5 Algorithm 2: Pseudo-code to forward the packets between the junctions

4.2.1 Performance metrics: The CISRP is compared with other
protocols GPSR, E-GyTAR, TFOR and SLD-GEDIR and the
following four network performance metrics are analysed.
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i.

PDR: This metric gives the ratio of the delivered packets to the
destination to those produced by the source node and is derived
as
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Fig. 6 Data packet forwarding in CISRP

Fig. 7 System model for CISRP

Fig. 8 Urban road topology considered for the simulation

PDR =

n

R

∑ Sii ,

(8)

i=1

where n is the number of sources, Ri is the number of packets
received by ith destination and Si is the number of packets sent
by the ith source.
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ii. End-to-end delay (EED): This metric represents the average
delay experienced by the received data packet to reach the
destination as given below:
EED =

1

n

n

Ri

∑∑

∑i = 1 Ri i = 1 j = 1

TRi j − TSi j ,

(9)
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where TRi j is the receiving time of the jth packet sent by the
ith source at the destination and TSi j is the sending time of the
jth packet sent by the ith source.
iii. Normalised routing overhead (NRL): This metric represents
the ratio of the total number of control packets against the data
packet delivered to the destination during the complete
simulation. The formula to calculate NRL is given below:
NRL =

1
n

Ri

n

pi j

∑ R1i ∑ ∑ Ci jk

i=1

j=1k=1

,

(10)

where Ci jk is the number of control bytes used at the kth hop by
the jth packet sent by the ith source.
iv. Average hop count (AHC): This metric represents the average
number of hops the packet needs to reach the destination and
computed as
AHC =

1
n

Ri

n

i=1

Table 1 Vehicular mobility model
Parameters
Description
N
A
D
min speed
max speed

Pi j

∑ R1i ∑ ∑ Hi jk

no. of nodes
max acceleration
max deceleration
min velocity
max velocity

j=1k=1

,

(11)

Values
(75–250) step of 25
0.8
0.3
5 ms
(5 to 25) step of 5 m/s

Table 2 Network simulation parameters
Parameters
Values
simulation time
map size
number of traffic connection
packet size
channel capacity
physical layer
transmission range
traffic type
UDP traffic rate
hello packet interval

600 s
2000 m × 1500 m
10
512 bytes
5.8 GHz
IEEE802.11p (11 Mbps)
250 m
user datagram protocol (UDP)
four packets/s
0.5 s

where Hi jk indicates the number of kth hops traversed by the
jth packet sent by the ith source.
4.3 Simulation results and analysis
The impact of varying TD and vehicle speed on the performance of
the proposed protocol CISRP over GPSR, E-GyTAR, TFOR, and
SLD-GEDIR is evaluated in an urban environment of VANETs.
4.3.1 Impact of varying node density on the performance of
the protocols: In the simulation setup to study the impact of TD,
the average mobility speed is fixed at 15 m/s but the number of
nodes is varied from 75 to 250 in steps of 25 to represent the
different node densities and the obtained numerical results are
plotted in Figs. 9a–d.
The PDR plotted in Fig. 9a shows that the data PDR increases
as the node density increases since higher node density provides
better connectivity. The CISRP achieves better delivery ratio
compared with other routing protocols since it opts for a route with
an adequate number of vehicles. CISRP avoids the route with
sparse network and with intermitted connectivity. Similarly, the
algorithm also avoids highly dense network with congestions. In
CISRP, the forwarding cell is selected if the TD lies within the
threshold value as calculated in the algorithm. The GPSR adopts
the simple greedy approach. The void problem in this approach
leads to frequent switches to recovery strategy. Whereas absence of
directed vehicles reduces the PDR in the case of E-GyTAR and
TFOR does not consider the intermittent connections and suffers
from lower PDR due to the congestions in a high density road.
When the network is sparsely distributed the probability of meeting
a vehicle to forward the packets in the identified segment area is
low for SLD-GEDIR. The simulation results show that the PDR of
CISRP gradually increases from 30 to 76% with the increase in a
number of vehicles. This shows CISRP has better scalability than
the other related protocols.
Due to a higher chance of link establishment, the average delay
reduces as the network connectivity increases as shown in Fig. 9b.
The CISRP achieves lower latency because it avoids highly dense
roads to avoid packet collisions. Since the source vehicle in each
junction obtains the shortest path using the map information to
deliver the data packet the EED is decreased and performs
efficiently in the heterogeneous traffic condition. The graph shows
a decline in the EED of all the protocols and the decline is the
maximum for CISRP. The delay in CISRP slides to as less as 20 ms
which is lesser than the other protocols. E-GyTAR considers
directed nodes towards the destination whose absence might not
lead to an efficient next hop. TFOR shows increased delay since it
considers highly connected roads in the network. The carry and

Fig. 9 Node density versus
(a) PDR, (b) EED, (c) NRL, (d) AHC
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Fig. 10 Node mobility versus
(a) PDR, (b) EED, (c) NRL, (d) AHC

forward mechanism of the latter two protocols in a recovery
strategy may induce delay to transmit the data packet. The chances
of a segment vehicle moving out of communication range before
receiving the data packet may induce a delay in the case of SLDGEDIR.
Fig. 9c plots the excess routing overhead generated by the
routing protocols due to frequent beacon transmissions. The CISRP
shows lower overhead since it considers stable communication link
with vehicles of average speed and distance to avoid frequent route
reconstructions. The untimely route failures in a traffic of about
25–35 vehicles per km2 lead to the frequent reestablishment of new
routes increasing the routing overhead for all the protocols. In a
dense network with about 75–85 vehicles per km2 the routing
overhead gradually increases because of increase in beacon
packets. When the road network is moderately dense there is no
significant improvement with SLD-GEDIR and in a high dense
network, the SLD-GEDIR shows a meagre reduction in the routing
overhead than CISRP due to better connectivity in the considered
segment.
The average number of hops traversed by the delivered data
packets is reduced as the node density increases are plotted in
Fig. 9d. In a sparsely connected environment with about 25–35
vehicles per km2 CISRP takes the route with TD lying within the
computed threshold value considered to be minimum two and
reaches the destination with minimum hops. Due to this improved
selection of forwarding cell, the packets are avoided from getting
into the local maximum, and henceforth the average number of
hops traversed in CISRP is lesser than SLD-GEDIR. Under a dense
condition of about 75–85 vehicles per km2, the CISRP takes the
route to the destination by referring to the digital map at every
junction for the shortest path with a density equal to the calculated
maximum threshold value. The AHC of CISRP is reduced when
compared with TFOR, E-GyTAR, and GPSR. When the network is
moderately connected, the CISRP protocol shows a slight increase
in an average number of hops than TFOR which uses the greedy
forwarding algorithm to select the forwarding node. The SLDGEDIR shows better performance over CISRP when the network is
moderately connected with about 36–70 vehicles per km2. Since
the SLD-GEDIR takes the segment region with maximum progress
towards the destination and the better connectivity due to moderate
traffic reduces the hop count of SLD-GEDIR when compared with
the other protocols.
4.3.2 Impact of varying node mobility on the performance of
the protocols: To study the impact of vehicles speed on network
performance metrics we fix the number of nodes to 150 and the
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average mobility speed is varied from 5 to 25 m/s in steps of 5 m/s
and the obtained results are shown in Figs. 10a–d.
The PDR in Fig. 10a shows that the PDR gradually drops as the
speed of the vehicle increases for the considered protocols. The
frequent network partition caused due to high speed vehicular
nodes deteriorates the performance of the protocols. When the
maximum node speed of about 90 km per hour is assumed as a
highly dynamic network, the average PDR of CISRP is more than
other protocols. This shows CISRP establishes a stable routing path
since it selects the forwarding vehicle within a forwarding cell
which is closer to the average speed and distance. The segment
vehicle at the edge of the transmission range selected by the SLDGEDIR as the forwarding node might move out of its range before
receiving the data packets due to the high speed of the vehicle.
When the vehicles are moving at a moderate speed there is no
significant performance distinction between the CISRP and SLDGEDIR. Since E-GyTAR and TFOR select the next hop with
maximum progress towards the destination there are higher
chances of next hop moving out of communication range.
Fig. 10b shows the average delay experienced by the received
data packets. The network topology changes frequently due to the
high speed of vehicles causing an increased delay of packet
delivery. The latency in CISRP is lower because it avails the
geographical information to find the shortest path and considers the
vehicles moving with average speed. When the maximum speed of
the vehicles is considered to be about 90 km per hour the average
delay in CISRP is seen to be reduced when compared with other
protocols. In GPSR, the high velocity of vehicles causes a delayed
update of positions in the neighbour table and a high possibility of
choosing the wrong neighbour leads to increase in delay. In case of
E-GyTAR and TFOR, the carry-and-forward mechanism adopted,
induces a delay in the delivery of data packets. In SLD-GEDIR
high mobility of vehicular node leads to frequent network partition.
Fig. 10c shows that the routing overhead increases as the speed
of the vehicle increases. A network with high mobility vehicles
encounters intermittent connectivity and increased routing
overheads. Since CISRP considers the road which satisfies the
required threshold TD, the intermittent connectivity is reduced
thereby decreasing the overhead comparatively. Similarly, it
considers the vehicles moving at an average speed and distance
thereby further decreasing the overhead caused due to the high rate
of link breakage with high speed vehicles. It can be noted that in
SLD-GEDIR vehicles in a segment might move out of its
communication range in a highly dynamic network leading to
frequent link disruptions. The high velocity vehicles lead to
network partition which increases the overhead in GPSR. Though
TFOR considers the two hop neighbour information between the
junctions, a highly dense road might produce more beacon packets
IET Netw., 2018, Vol. 7 Iss. 3, pp. 152-161
© The Institution of Engineering and Technology 2018

which increase routing overhead. Henceforth, the routing overhead
of the CISRP is reduced when the speed of the vehicles was about
90 km per hour compared with other protocols.
The unstable routing path due to increased vehicles speeds
results into increased hop count as plotted in Fig. 10d. The CISRP
selects the forwarding node in the shortest path with vehicles
moving at an average speed maintaining an average distance
avoiding frequent switching to recovery strategy caused by rapid
topology changes. The AHC in CISRP is lower than other
protocols. When the vehicular nodes are moving slowly, the SLDGEDIR takes lesser AHC to forward the packets to the destination
whereas it increases as the speed of the node increases. The AHC
of CISRP is slightly higher than the SLD-GEDIR and TFOR when
the speed of vehicles is less.

[6]
[7]
[8]
[9]
[10]
[11]
[12]

5 Conclusion
CISRP is proposed to handle the intermitted connectivity caused by
heterogeneous network conditions. The CISRP selects the routes
by considering the vehicle mobility and traffic conditions. The
protocol computes the shortest path from the source to the
destination using the geographical information and considers the
first junction in the identified shortest path. The simulation results
show that the CISRP performs better than the existing protocols
SLD-GEDIR, TFOR, E-GyTAR, and GPSR in terms of packetdelivery ratio, routing overhead and latency.
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