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Abstract

Vehicular ad hoc networks (VANETs) have earned a gigantic consideration in the recent era. Wide deployment of
VANETs for enhancing traffic safety, traffic management, and assisting drivers through elegant transportation system
is facing several research challenges that need to be addressed. One of the crucial issues consists of the design of
scalable routing algorithms that are robust to rapid topology changes and frequent link disconnections caused by
the high mobility of vehicles. In this article, first of all, we give a detailed technical analysis, comparison, and drawbacks of
the existing state-of-the-art routing protocols. Then, we propose a novel routing scheme called a Reliable Path Selection
and Packet Forwarding Routing Protocol (RPSPF). The novelty of our protocol comes from the fact that firstly it establishes
an optimal route for vehicles to send packets towards their respective destinations by considering connectivity and the
shortest optimal distance based on multiple intersections. Secondly, it uses a novel reliable packet forwarding technique
in-between intersections that avoids packet loss while forwarding packet due to the occurrence of sudden link ruptures.
The performance of the protocol is assessed through computer simulations. Simulation outcomes specify the gains of the
proposed routing scheme as compared to the earlier significant protocols like GSR (Geographic Source Routing), GPSR
(Greedy Perimeter Stateless Routing), E-GyTAR (Enhanced Greedy Traffic Aware Routing), and TFOR (Traffic Flow-Oriented
Routing) in terms of routing metrics such as delivery ratio, end-to-end delay, and routing overhead.
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1 Introduction
The immense growth of automobiles and irregular behavior
of drivers on the road cause traffic congestion, accidents,
wastage of fuel, and loss of precious lives, which makes the
existing transportation system inefficient. To direct these
challenges, a new research field called as Intelligent Trans-
portation System (ITS) has been proposed. It applies a
combination of multiple promising technologies of auto-
mobiles and transportation system in order to enhance
security, safety, effectiveness of transportation systems,
vehicle control, and provision of latest mobile services and
applications to the on-road public by advancing traffic
management system. In ITS, developing vehicle to vehicle
and vehicle to infrastructure communication is an
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outstanding challenge to ITS industry. Thus, the US Fed-
eral Communication Commission has approved 75-MHz
spectrum at 5.9 GHz for dedicated short-range communi-
cations (DSRC) [1–3] for the successful deployments of
WLAN technologies for making vehicular ad hoc net-
works (VANETs) a reality.
From the last few years, inter-networking over VANETs

has been achieving a massive momentum. Realizing its
intensifying significance, the academic research society,
major car manufacturers, and governmental institutes are
making efforts to develop VANETs. Various significant
projects are initiated by different countries and famous
industrial firms such as Daimler-Chrysler, Toyota, and
BMW for inter-vehicular communications. Some of these
prominent projects include CarTALK2000 [4], Car-to-Car
Communication ConsortiumC2CCC [5], Advanced Driver
Assistance Systems (ADASE2), California Partners for
Advanced Transit and Highways (California PATH) [6],
FleetNet [7], DEMO 2000 by Japan Automobile Research
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Institute (JSK) [8], Chauffeur in EU [9], and Crash
Avoidance Metrics Partnership (CAMP) [10]. These
developments are the key steps towards the recognition
of intelligent transportation services.
VANETs are a particular offshoot of MANETs. Due to

the fast motion of the vehicles, they have more rapidly and
dynamically changing topology as compared to MANETs.
But the mobility of the vehicular nodes is restricted by pre-
defined roads layout. Speed limits, congestion level, and
traffic control systems like traffic lights and stop symbols
also restrict the vehicular node velocities. Additionally,
future vehicular nodes can be provided with larger
transmission ranges, broad onboard storage and sensing
capabilities, and rechargeable energy sources. Unlike
MANETs, VANETs are rich in storage and processing
power capabilities which make them flexible and make
them more compatible of doing computationally intensive
tasks [11–15].
There are various technical challenges for the design

of efficient vehicular communications. One of the most
critical challenges of the vehicular ad hoc network is to
develop a scalable and reliable multi-hop routing protocol
that is capable of providing an optimal route for forwarding
packets towards the destination. Guaranteeing a stable,
robust, optimal, and reliable multi-hop routing mechanism
over VANETs is a fundamental move towards the
realization of efficient vehicular ad hoc communications.
Many emerging applications in vehicular communication
require the assistance of multi-hop communications. One
of them is onboard active safety mechanisms which help
drivers to avoid collisions and provide coordination at cru-
cial positions like highway entries and city intersection/
junctions [16]. With the help of safety system information
about roads like real-time traffic congestion, traffic acci-
dents, road surface conditions, or high-speed levy can be
smartly disseminated. This helps in avoiding the road con-
gestion. It also largely reduces vehicle accidents and helps
in saving many precious lives. In addition, inter-vehicular
communication can provide comfort and infotainment
applications. These consists of information about wea-
ther conditions, locations of gas stations and restau-
rants, e-commerce, and infotainment applications like
accessing the internet, downloading music, and content
delivery [14, 17–20].
The characteristics like non-uniform distribution of

vehicles on the road, large size network, high mobility
due to the high speed of the vehicles, frequently chan-
ging topology, and disruption of communication due to
obstacle hindrance make routing of data in the vehicular
ad hoc network more challenging. Majority of existing
routing techniques are incapable of deciding optimal
routes because of inefficiently incorporating aforemen-
tioned characteristics of VANETs. One of the problems
with these routing protocols is that they often relay the
packet towards destination using those streets that do
not contain enough vehicular density. As a result, the
packet meets a local optimum situation. Local optimum
is a situation when a forwarding node is unable to locate
the next neighbor because of lack of traffic density on the
street. The node keeps the packet in its buffer for a longer
time. If packet stays a longer time in the buffer, its time to
live field expires and is eventually discarded. This degrades
the network performance in terms of end-to-end delay and
packet delivery ratio. Designing a routing protocol capable
of solving such issues is critical and our proposed protocol
intends to overcome this issue by selecting multiple con-
nected streets that contain high vehicular density based on
multiple intersections. Our findings focus on those mul-
tiple intersections or streets that provide optimal routing
path based on closest distance to destination and contain
high traffic through which packet can be easily relayed
towards the destination. Secondly, besides optimal path
based on multiple streets, we also propose a reliable packet
forwarding strategy based on link stability and predicted
packet propagation time between packet carrier node and
next candidate forwarding neighbor to overcome packet
loss due to unstable links.
The major contributions of this research are as follows:

1. Presented technical analysis, comparison, and
drawbacks of earlier significant position-based routing
schemes in VANETs.

2. Provided the significance of dynamic multiple
intersection selection mechanism and limitations of
earlier dynamic intersection selection mechanism
pertaining to the city environment. Presented a
novel routing scheme for city environment that is
based on multiple intersections selection
mechanism, which decides the best multiple streets
to forward the packet towards the destination based
on optimal distance and traffic density. To the best
of our knowledge, this is the first time multiple
intersection selection-based routing issue being
thoroughly studied.

3. Along with multiple intersections selection
mechanism, we introduced a novel reliable
forwarding technique that considers link duration
time and expected packet delivery time to
overcome the packet loss issue due to high mobility
and intermittent connectivity of vehicular nodes.

4. We provided an analysis and compared the
performance of our routing scheme with existing
approaches (GSR, GPSR, E-GyTAR, and TFOR)
using ONE simulator. Simulation results indicate
the benefits of the proposed routing strategy as
compared to the existing protocols like GSR, GPSR,
E-GyTAR, and TFOR in terms of packet delivery
ratio, end-to-end delay, and routing overhead.
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The remaining paper is structured as follows. In Section 2,
we briefly present methods used in our study. In Section 3,
we summarize the earlier routing protocols by highlighting
their drawbacks which act as a source of persuasion for
our research. Proposed routing strategy is presented in
Section 4. Then, we present the performance evaluation
based on extensive simulations in Section 5. In Section 5,
we study and recapitulate the evaluation results. Finally,
Section 6 concludes the paper.

2 Methods
For the performance evaluation of the proposed protocol,
extensive simulations were used to compare the perform-
ance of our protocol with other state-of-the-art routing
protocols. For the performance evaluation, it is vital to use
a state of the art simulation environment capable of
performing the simulations reliably and efficiently. In the
research community for VANETs, the most versatile and
well-trusted simulation environment is provided by the
ONE simulator [21]. In this study, we used ONE simulator
for all the simulations. Another important aspect regard-
ing the performance evaluation of VANETs is the mobility
model to be used. We utilized SUMO (simulation of
urban mobility) [22] for generating the realistic vehicular
mobility patterns to be used for the performance evalua-
tions. SUMO is a microscopic road traffic simulation
package, and the mobility traces generated by SUMO
incorporates all essential characteristics of the city envir-
onment. More detail about the simulation environment
and vehicular mobility patterns is provided in the simulation
setup section. The proposed protocol was implemented
in SUMO, and similarly, all the other considered rout-
ing protocols were also implemented. The performance
metrics used for the comparison of the proposed proto-
col with the existing protocol were packet delivery
ratio, end-to-end delay, and routing overhead. The
performance was evaluated based on the considered
performance metrics, and a variety of results were
obtained and presented in this study.

3 Related work
The existing routing protocols (like Dynamic Source
Routing (DSR) [23], Ad hoc On-Demand Distance Vector
(AODV) [24], and Optimized Link State Routing (OLSR)
[25]) that were originally proposed for mobile ad hoc
networks are ineffective for VANETs [1, 11, 12, 21, 26–
28]. These routing techniques consider the address of mo-
bile nodes while discovering and maintaining end-to-end
routing path in between the source node and destination.
In vehicular ad hoc communication, the irregular distribu-
tion and high mobility of vehicular nodes frequently break
the routing paths which make it hard to maintain and find
routes. Consequently, these routing techniques generate
high control overhead which degrades network performance
[1, 4, 6, 11, 12, 14, 18, 29–34]. The other class of routing
which considers a geographical position of mobile nodes
instead of address is suitable for vehicular ad hoc
communication [11, 26, 27, 31, 32, 34, 35]. This class is
more enviable for VANETs because of the following
facts. Firstly, in the near future, vehicles will be im-
planted with navigation systems and Global Positioning
Systems (GPS); thus, position-based routing class ac-
complishes colossal achievement in vehicular communi-
cation. Secondly, this class of routing is stateless; there is
no need to maintain accomplished routing paths in be-
tween the source and target nodes; hence, this class is
exceedingly scalable and very robust against high mo-
bility which frequently changes network topology [11,
21, 27, 31, 34].
VANETs can be deployed into two different environ-

ments: (1) city/urban and (2) highway. City environment
consists of intersections. Intersections are the points
where two or more roads meet each other. On the other
hand, a highway environment contains no intersection
[1, 21, 33, 36]. In a city environment, the different se-
quence of intersections can play an important role in pro-
viding the shortest distance from source to destination. In
the existing literature, some protocols are dynamic inter-
section selection based, some are static intersection selec-
tion based, and some having no intersection selection
mechanism at all. Figure 1 provides the classification of the
protocols. Below, we provide a brief technical description
of existing significant position-based routing protocols
that are designed for the city environment.
Greedy Perimeter Stateless Routing (GPSR) [28] is

designed for handling routing issues in the highway
environment. In a highly dense scenario, it performs
well. It has two modules that are greedy module and
perimeter module. In the greedy module, a vehicular
node forwards the packet to one of its one-hop neighbors
that is the closest among its one-hop neighbors and itself
to the destination. The greedy module meets the local
maximum if the packet carrier node has no one-hop
neighbor that is close to the destination than itself.
Perimeter module is used to handle the local maximum
situation. The perimeter module includes two mecha-
nisms, the graph planarization, and the right hand rule.
The perimeter module induces long delays in dispatching
packets from the source to the target. It also creates rout-
ing loops in the network, and unaware of obstacles [37],
which makes it difficult to work in city scenarios. Further-
more, the graph planarization partitions the network in
the city scenarios due to obstacles and degrades its
performance further [11, 12].
Geographic source routing (GSR) [37] is a position-

based routing protocol designed for urban scenarios. It
uses position awareness with network topological aware-
ness. It accomplishes the shortest route between the
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source and target node using Dijkstra’s algorithm. The
shortest route accomplished by GSR with the help of
digital map consists of a sequence of intersections
through which packet moves towards the destination.
The packets are sent to the destination based on greedy
forwarding. Greedy forwarding causes local optimum.
GSR recovers from local optimum using carry and for-
ward approach. While accomplishing the shortest path,
GSR does not consider traffic density between intersec-
tions. In low-traffic density scenarios along a preselected
route, establishing an end-to-end connection is very hard
which degrade the performance of network [14]. Also, in
GSR, greedy forwarding suffers from sudden link ruptures.
The Greedy Perimeter Coordinator Routing (GPCR)

[38] accomplishes routing path without considering a
map. It is composed of restricted greedy forwarding and
a repair strategy. In restricted greedy forwarding, a
packet carrier node prefers to forward the packet to a
node that is located nearest to the intersection or at the
intersection. The coordinator node is responsible to
choose next-street for relaying packet towards the des-
tination. GPCR uses repair strategy to overcome the
local optimum problem. The repair strategy includes
perimeter mode without considering graph planariza-
tion. It assumes that topological graphs are naturally
planner in city environment. Computing graph planari-
zation induces network disconnections which degrade
network performance. GPSR does not consider low ve-
hicular density cases while routing [1]. It is not a traffic
aware routing protocol [11, 14], and it does not consider
the status of link while forwarding the packets that may
result in excessive packet loss.
The Anchor-Based Street and Traffic Aware Routing

(A-STAR) [30] is a traffic aware routing protocol as
compared to GPSR and GPCR. It has two main distinct-
ive characteristics. Firstly, for traffic awareness, it uses
statically or dynamically rated maps which assist it to
discover routes that have a higher number of vehicles.
Secondly, to overcome local optimum problem, it has a
novel local recovery strategy which is better than those
of GSR and GPSR [14]. The routing path accomplished
by A-STAR on the basis of anchors may not be the op-
timal path, which may induce higher end-to-end delay
[1, 11, 14]. It has no mechanism to overcome link rup-
tures as well that may result in packet loss.
Greedy Traffic Aware Routing Protocol (GyTAR) [14]

was designed specifically for city environments. GSR and
A-STAR select intersection statically while GyTAR se-
lects intersection dynamically. It has three mechanisms:
(a) intersection selection mechanism, (b) Infrastructure
Free Traffic Information System (IFTIS), and (c) an im-
proved greedy forwarding in-between intersection. It as-
signs weights to each neighboring intersection on the
basis of the distance to destination and traffic density.
The intersection that has highest traffic density and
shortest distance to the destination is decided as next
intersection, and thereby, packets are routed towards the
destination. At low traffic density, its intersection selec-
tion mechanism sometime meets local optimum in city
environment which degrades its performance [1]. More-
over, GyTAR has no mechanism to minimize packet loss
due to link ruptures that may result in packet loss.
Enhanced Greedy Traffic Aware Routing (E-GyTAR)

[1] is an enhanced version of GyTAR. It chooses junc-
tion on the basis of directional density on multilane
streets. Non-directional density is also helpful in relaying
packet from source to destination. Hence, it misses some
shortest path while routing data [11]. Its forwarding
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strategy also suffers from sudden links rupture problem
due to high mobility of the vehicles.
Directional geographic source routing (DGSR) [36] is

an enhanced version of geographic source routing (GSR)
with directional forwarding strategy. In this routing
scheme, the source vehicular node uses location services
[39, 40] to acquire the position of destination vehicle. It
establishes the shortest path from source to destination
using Dijkstra Algorithm. The shortest path consists of
intersections which are ordered sequentially. The
packets from source vehicular node follow the sequence
of intersections to reach destination. If packet meets
local optimum, DGSR uses carry and forward approach
to overcome local optimum problem. However, this
protocol does not consider the status of link while
forwarding. Therefore, in case of high mobility of
vehicular nodes, it suffers from packet loss due to link
raptures.
Enhanced Greedy Traffic Aware Routing Protocol-

Directional (E-GyTAR-D) [36] is an enhanced version of
E-GyTAR [1] with directional forwarding. It consists of
two mechanisms: (i) intersection selection and (ii) direc-
tional greedy forwarding strategy. It uses location services
to get the position of destination node. It selects intersec-
tions on the basis of directional traffic density and shortest
distance to the destination. It forwards packets in between
intersection using directional greedy forwarding. Simula-
tion outcomes in realistic urban scenarios show that
E-GyTAR-D outperformed GSR and DGSR in terms of
packet delivery ratio and end-to-end delay.
Traffic flow-oriented routing protocol (TFOR) [11] is a

recently proposed technique which consists of two
modules: (a) an intersection selection mechanism based
on traffic flows and the shortest routing path and (b) a
forwarding strategy based on two-hop neighbor infor-
mation. It accomplishes shortest optimal path based on
shortest distance to the recipient node and vehicular
traffic density. Simulation results show that TFOR outper-
forms E-GyTAR and GyTAR in terms of packet delivery
ratio and end-to-end delay. Table 1 shows the comparative
characteristic of all the aforementioned routing protocols.
A majority of the aforementioned protocols (like GSR,

DGSR, GPSR, DGR, PDGR, PDVR, and GPCR) do not
consider traffic density while accomplishing routing path.
Traffic density is a major source of providing connectivity.
Consequently, these routing protocols relay the packets
towards destination through those city streets which have
low traffic density or connectivity. As a result, packets
meet frequently local optimum and this leads to a
decrease in packet delivery ratio. This drawback can be
overcome by having a mechanism that is capable of
giving timely information about city street traffic density.
Although, few of the aforementioned routing schemes
such as E-GyTAR, GyTAR, E-GYTAR-PD, and TFOR
are traffic-aware, all of these approaches prove to be in-
competent in making full use of the real-time traffic
density. The intersection selection mechanism of these
routing protocols decides sometime those streets that
lead to a local optimum problem regardless of the avail-
ability of effective streets which may overcome such
problem. In such a situation, the probability of packet
loss increases. It also increases end-to-end delay because
the packets are carried in the buffer for a long time. Con-
sequently, they prove to be ineffective in relaying packets
from source to destination. Also, in between successive
intersections, the aforementioned routing protocols use
different types of forwarding strategies like simple greedy
forwarding, restricted greedy forwarding, directional
greedy forwarding, and improved greedy forwarding.
However, their forwarding approaches do not consider
link status and link lifetime between packet carrier
node and next candidate neighbor forwarding node.
Therefore, these strategies miss some appropriate can-
didate neighbor nodes which are stable and reliable for
packet forwarding. Hence, all aforementioned routing
suffer from sudden link rupture problem due to the
high mobility of the vehicular nodes.
In this research work, we devise a routing scheme that

addresses the aforementioned drawbacks of existing proto-
cols. The proposed routing scheme is capable of accom-
plishing optimal routing paths in city scenarios. The scheme
is envisaged to function well for various kinds of vehicular
communication applications by assuring user connectivity.
These appliances consist of road safety services such as
coordinated communication of two vehicles, managing flows
of traffic, triggering driving-related alerts such as traffic
congestion alerts, road situation alerts, and accident warn-
ings. The other appliances include finding locations of petrol
stations and restaurants, accessing internet, downloading
music, and playing games.

4 Reliable Path Selection Packet Forwarding
(RPSPF) Routing Protocol
4.1 Problem formulation
In this work, we considered the protocols that are based
on one-hop dynamic intersection selection mechanism
and forwarding strategy in between intersections for
forwarding packets. These protocols include GyTAR,
E-GyTAR, and TFOR. All these routing protocols
choose dynamically one intersection at a time on the
basis of vehicular traffic density and shortest distance
to the destination while relaying a packet towards the
destination. However, their one-hop dynamic intersec-
tion selection mechanisms have some limitations. As an
example, we imagine one of the possible situations
revealed in Fig. 2.
Assume S is the source vehicular node which is at

intersection I1. It intends to forward the packet to
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Fig. 2 The problem scenario. Each circle represents a junction. Double lines represent bidirectional two-lane roads, and the small rectangular box
with arrow represents vehicular node moving in the direction of the arrow, S represents source vehicle, and D indicates the destination
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destination vehicular node D. Current dynamic intersec-
tion selection-based routing protocols like E-GyTAR,
GyTAR, and TFOR select next intersection based on ve-
hicular traffic density and shortest distance to the destin-
ation; therefore, their intersection selection mechanism
will bound them to choose I3 as the next intersection. At
I3, TFOR, GyTAR, and E-GyTAR will be inept to choose
next appropriate intersection through which packet can
be relayed towards the destination. This is because the
next shortest path offering roads/streets that direct to-
wards destination have no traffic density for dispatching
packet towards destination. When the packet reaches I3,
all the aforementioned protocols are unable to choose
next streets because from I3 to I6, there is no vehicular
density. Likewise, I3 to I5 and I3 to I4, there is no vehicular
traffic density. Each of these streets is out of traffic, and
there is no vehicular traffic density for routing packet fur-
ther. This improper selection of intersections degrades the
network performance as it decreases the packet delivery
ratio and increases end-to-end delay regardless of the
availability of the optimal path (I1-I2-I4-I5-I9) with rich ve-
hicular traffic density. Consequently, all these protocols
can prove to be inefficient in intersection selection
mechanism because of consideration of just immediate
intersection while selection of next intersection. Further-
more, their current intersection selection mechanism is
very limited to move the packet progressively closer to the
destination due to the consideration of just the immediate
intersection from the current intersection. This increases
the probability of incurring a dead street (street without
packet carriers/vehicles) along a selected path to the des-
tination due to consideration of just the immediate
intersection.
The second problem with these routing protocols is

that their forwarding strategies suffer from sudden
link rupture problem due the high mobility of the
vehicular nodes which cause packet loss. Existing
forwarding strategies include greedy forwarding [28],
restricted greedy forwarding [38], improved greedy
forwarding [14], directional greedy forwarding [41],
and predictive directional greedy forwarding [41].
None of these forwarding strategies have mechanism
which is capable of handling sudden link rupture.
Figure 4 in Section 4.2.3 describes the limitation of
existing forwarding strategies without considering link
stability mechanism.
We need a routing protocol that provide an efficient

intersection selection mechanism which selects intersec-
tions by considering connectivity and a reliable forwarding
mechanism which overcomes packet loss due to sudden
link ruptures so that packet delivery ratio is maximized
and routing overhead and end-to-end delay are mini-
mized. We propose a novel routing strategy called Reli-
able Path Selection and Packet Forwarding Routing
Protocol (RPSPF), which selects the next junction by
considering multiple intersections based on the shortest
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path and traffic density and forwards packet using reli-
able forwarding strategy for tackling aforementioned
circumstances.

4.2 RPSPF protocol
In this section, we explain the basic work of the pro-
posed protocol.

4.2.1 Protocol assumptions
RPSPF is an intersection-based geographic routing
protocol. It has certain assumptions similar to the
assumptions made in [1, 11, 14, 36]. A vehicle locates
its position using GPS. Location service like GLS (grid
location service) [42] can be used to locate the location
of the destination vehicle. Each vehicle is equipped with
an onboard navigation system that gives the position of
neighboring intersections and valuable city street level
awareness with the assistance of preloaded digital maps.
Furthermore, it is also assumed that each vehicle is
aware of its speed and direction. We also assume that
each vehicle is aware of vehicular traffic density in
between intersections which can be accomplished by
deploying traffic sensors besides intersections or a dis-
tributed mechanism for road traffic density estimation
apprehended by all the vehicles [43].
RPSPF comprises of two phases: (i) dynamic multiple

intersection selection mechanism and (ii) reliable greedy
forwarding mechanism between the intersections. The
detailed description of both of these phases is given
below.

4.2.2 The dynamic multiple intersections selection
mechanism
RPSPF routing scheme employs anchor-based routing
approach with city streets awareness like other routing
routing schemes such as E-GyTAR [1], GyTAR [4], and
TFOR [11]. It applies street map topology to route data
packets between vehicular nodes. The foremost differ-
ence between our routing scheme and the existing rout-
ing schemes is its intersection selection mechanism and
reliable forwarding mechanism in between intersections.
RPSPF choose the next suitable intersection by taking
into consideration the next two of the immediate inter-
sections dynamically from the current intersection on
the basis of vehicular density and shortest curve metric
distance to the destination. Now, this raises a very
important question about our proposed routing scheme
that is, why two intersections are significant to consider
instead of three, four, and so on? This query is addressed
in detail in Section 5.2.4. Consideration of two intersec-
tions reduces the likelihood of incurring connectivity
problem that prevailed in earlier intersection selection
techniques. It also minimizes the possibility of facing
those streets that contain no packet carriers or vehicular
nodes along a chosen route to destination. Such streets
are called dead streets. Hence, RPSPF uses those streets
that are rich in connectivity and moves packets progres-
sively closer to the destination in comparison to earlier
routing schemes. While selecting the next two-hop
neighbor intersection, the sender or intermediate ve-
hicle uses digital city street map and finds the locations
of two-hop neighboring intersections. It assigns weight
to each of candidate two-hop neighbor intersections
based on traffic density and curve metric distance of
candidate intersections to the destination using Eq. 1.
The two-hop neighbor intersection with the highest
weight is chosen as the next destination intersection.
Algorithm 1 is used to allocate weight to each of candi-
date intersection.

Weight ¼ H1: W j
� �þ H2: Wkð Þ; :… ð1Þ

where

W j ¼ α� 1−Dp1ð Þ þ β� TD1

and

Wk ¼ α� 1−Dp2ð Þ þ β� TD2

Wj is the weight for candidate one-hop neighbor inter-
section of the current intersection; Dp1 is closeness of
candidate neighbor intersection with respect to destin-
ation. TD1 is the traffic density between current inter-
section and next neighbor intersection. WK is the weight
for candidate neighbor intersection of the one-hop
neighbor intersection; Dp2 is closeness of candidate
two-hop neighbor intersection w.r.t destination. TD2 is
the traffic density between the one-hop neighbor inter-
section and its next neighbor intersection. Alpha (α) and
beta (β) are the weighting factors for distance and traffic
density respectively between the intersections. By adjust-
ing the value of α and β, we can make tradeoff between
distance and traffic density when selecting next intersec-
tion. Traffic density is an important source of giving
connectivity for dispatching packet towards the destin-
ation. H1 and H2 are the weighting factors for candidate
one-hop neighbor intersection and two-hop neighbor
intersection, respectively. An adjustment in the value of
H1 and H2 can make tradeoff between the importance of
candidate one-hop neighbor intersection and two-hop
neighbor intersection.
In the aforementioned algorithm 1, lines 1 to 10 state

the parameters that are utilized in our algorithm to allo-
cate weights to neighbor intersections of the candidate
intersection. Line 12 checks if candidate one-hop neigh-
bor has next neighbor intersection that leads to the
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destination then algorithm call procedure mentioned in
line 13 which uses line 26 to 40 to allocate weight to
each of two-hop neighbor intersections. Line number 17
calculates the weight of the two-hop intersection, and
the intersection having the maximum weight will be
chosen as the next two-hop candidate neighbor inter-
section through which packet is relayed towards the
destination. Any candidate two-hop neighbor intersec-
tion that is the closest to the destination and provides
higher traffic density will be selected as next destin-
ation intersection through which packet moves towards
the destination.
In order to understand the working of RPSPF, let us

consider the scenario presented in Fig. 3. S is the source
vehicle which is present at intersection I1. It uses RPSPF
for dispatching packet towards the destination D. In this
scenario, current intersection I1 contains four candidate
two-hop neighbor intersections through which packets
can be relayed towards the destination. These intersec-
tions are I4, I5, I6, and I8. The intersection selection
mechanism in RPSPF will allocate weights to each of
two-hop neighbor intersections of I1 on the basis of
vehicular traffic density and the shortest curve metric
distance to the destination. There is a higher concentra-
tion of vehicular traffic along the streets that are con-
necting I1 to I4 as compared to I1–I5, I1–I8, and I1–I6.
Accordingly, RPSPF will allocate more weight to I4 as
compared to I5, I6, and I8 and it will be selected as the



Fig. 3 Working of RPSPF protocol. Each circle represents a junction. Double lines represent bidirectional two-lane roads, and the small rectangular
box with arrow represents vehicular node moving in the direction of the arrow, S represents source vehicle, and D indicates the destination
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next destination intersection. In this manner, it will over-
come the precincts of earlier routing approaches like
TFOR, GyTAR, and E-GyTAR. Since in earlier routing
schemes, I3 would have been chosen. This is because all
these routing schemes are based on one-hop intersection
selection mechanism, which is the sub-optimal option in
this scenario. The packet would have been trapped in
local optimum because after choosing I3, intersections I5
and I6 have lack of traffic density as these are along dead
streets which contain no vehicular node for carrying
packet towards the destination. Our routing scheme
route the packet from current intersection I1 to I4
through I2, and in this manner, it will dispatch the
packet towards the destination. Consequently, RPSPF
will move packet successively closer towards the destin-
ation beside the city streets where there are plenty of ve-
hicles to give connectivity.
4.2.3 Reliable forwarding mechanism between intersections
The forwarding strategies that are used by TFOR,
GyTAR, E-GyTAR, GPSR, and GSR suffer from a
sudden link rupture problem due to high mobility in
VANETs. Figure 4 shows a scenario where GyTAR
and E-GyTAR prove to be inefficient. If the forward-
ing vehicle F is using GyTAR, E-GyTAR, GPSR, or
GSR, the forwarding strategies used in these routing
protocols will compel F to select B as the next hop
for forwarding packet as B is the closest to the des-
tination and moving in the direction of the
destination. But if F forwards packet at time t1 to B
and at the same time B leaves the range of F due to
high speed, then the packet will not be delivered to B
and it will be lost. In general, we can say that if
packet delivery time is greater than the link duration
time between forwarding node and the next neighbor
node, then packet cannot be delivered to the next
neighbor node. This will decrease the packet delivery
ratio and thus reduces the throughput of the network.
We try to overcome this problem by taking into ac-
count link duration time between two mobiles nodes
and the expected packet delivery time.
4.2.4 Link duration time
If the parameters like speed, position, radio propagation
range, and direction that are related to the motion of
two neighboring vehicular nodes are known, then the
time duration for which these two nodes will remain in
contact can be determined [44]. Consider two vehicular
nodes j (packet carrier or forwarding node) and k (next
candidate packet receiving neighbor node) inside the
transmission range of each other. Let us assume the (Xj,
Yj) be the coordinates of the location for vehicular node
j and (Xk, Yk) be the coordinates of vehicular node k. Let
Vj and Vk be the velocities, (θj, θk) be the directions of
movement for vehicular nodes j and k, respectively. The
time duration for which vehicular node j and vehicular
node k will stay in range of each other is given by the
Eq. 2.



Fig. 4 Limitation of existing forwarding strategies without link stability. F is the forwarding node, X and B are the neighbors that are moving in
the direction of destination, and C is a vehicle traveling in opposite direction to the destination. D is the destination node. The big dotted circles
represent the transmission ranges of the nodes
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LDT ¼
− abþ cdð Þ þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
a2 þ c2ð Þr2− ad−bcð Þ2

q

a2 þ c2
ð2Þ

where

a ¼ Vkcosθk − Vjcosθ j

b ¼ Xk − Xj

c ¼ Vksinθk − Vjsinθ j

d ¼ Yk − Yj:

In the aforementioned formula, LDT represents the link
duration time between the nodes; Vj and Vk are the
velocities of the packet carrier or forwarding node and
next candidate receiver node, respectively. The transmis-
sion range of the wireless vehicular node is given by r.
Theta (θ) represents the direction of movement of the
nodes with respect to each other. (Xj, Yj) and (Xk, Yk) are the
coordinates of the packet sender and receiver, respectively.
Factor a represents the relative velocity of the candidate
receiver node with respect to packet sender node along the
Y-axis. Factor b represents the distance of the receiver node
from the packet sender node along the X-axis. The relative
velocity of the receiver node with respect to the packet
sender node along the Y-axis is represented by factor c. The
distance of the receiver node from the sender node along
with the Y-axis is represented by factor d.
In order to discard selection of a node that is about to

leave the range of the sender until the packet is delivered
to that node, as a first simple step, let us simplify the
communication model to get a rough estimate about the
time required for transmission and receiving of a packet of
size “s” kilobytes. There are two different things to consider:

1) The transmission time

This is the amount of time from the beginning until the
end of a message transmission. In the case of a digital mes-
sage, it is the time from the first bit until the last bit of a
message has left the transmitting node. The packet transmis-
sion time in seconds can be obtained from the packet size in
bits and the bit rate in bits/s as packet transmission time =
packet size/bit-rate, and both of these units are in bits [45].

2) Propagation delay

It is the time it takes for the first bit to travel from the
sender to the receiver. The distance here is the distance
between the sender and the receiver in meters and the
propagation speed is the speed of light, i.e., 3 × 108 m/s.

Propagation time ¼ distance=propagation speed
3) Packet delivery time (PDT)

The total time it will take for the packet to be com-
pletely transmitted from sender node to the receiver
node is given by:

Packet delivery time PDTð Þ ¼ transmission time TTð Þ
þpropagation delay PDð Þ

Any neighbor whose expected link duration time is
less than the expected packet delivery time will not be
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considered as the next node. Algorithm 2 decides the
neighbor that is chosen as the next forwarding node.

4) Estimation of closeness and direction of motion

The packet carrier vehicle uses the following equation
to choose a neighbor vehicle that moves towards the
destination and is closest to the destination.

Scorei ¼ σ � 1−Dni=Dcvð Þ þ ρ� cos Vni; posni; dvð Þ ð3Þ

In the aforementioned Eq. 3, the first factor (1−Dni/Dcv)
represents the closeness of a neighbor vehicle to the destin-
ation. The second factor represents the moving direction of
the vehicular node using cosine values of two vectors (vel-
ocity and position). Here, σ and ρ are the weighting factors
for closest position and direction of the vehicular node with
respect to the destination. We can adjust the value of σ and
ρ to make a tradeoff between position and direction when
forwarding. If the value of ρ is set to 0, then the protocol
uses greedy forwarding. On the other hand, if σ is set to 0,
then protocol uses directional forwarding which will be
unable to select a neighbor node that is the closest to the
destination. Therefore, our approach will consider both by
setting the value of σ= 0.5 and ρ = 0.5.
Below, in our reliable packet forwarding algorithm 2, the

packet carrier or forwarding vehicle considers the position,
direction, expected packet delivery time, and link duration
time for assigning the score to each of candidate neighbor-
ing nodes. It assigns the higher weighting score to those
neighbors that are the closest to the destination and moving
towards the destination that are capable of successfully
receiving the message based on link duration time. In our
algorithm, the current packet carrier vehicular node uses
line 8–17 for determining its next candidate neighbor. In
line 15, the forwarding vehicle compares each neighbor link
duration time with expected packet delivery time. For any
neighbor, if link duration time is less then packet delivery
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time or not satisfying the condition mentioned in line 15
will be not be considered. On the other hand, if link dur-
ation time is greater than expected packet delivery time and
satisfying the equation mentioned in line 13, then a score is
assigned according to the equation mentioned in line 13.
This equation considers the position as well as the direction
of motion of the neighbors. Among all the neighbors, the
neighbor that is closest to the destination and moving in the
direction of destination is assigned highest weighting score
and is selected as the next forwarding vehicle. σ and ρ are
the weighting factors for the closeness of the next hop
neighbor and its movement direction with respect to destin-
ation respectively. Their value is set to σ = ρ = 0.5. Some-
times a packet carrier vehicle is unable to locate a next
candidate forwarding vehicle to forward the packet. In this
case, the packet carrier vehicle will hold the packet until
next intersection or an appropriate forwarder node in its
vicinity is found.
5 Simulation and results analysis
In this section, we evaluate the performance of RPSPF.
The simulations are carried out in ONE [19] simulator.
The mobility model can affect the traffic characteristics
which affects the performance of a routing protocol.
Therefore, the selection of an appropriate realistic
mobility model for generating realistic mobility traces
for simulations is a very vital step [46]. We used SUMO
(simulation of urban mobility) [22] to generate the
realistic vehicular mobility patterns. It is a microscopic
road traffic simulation package which is open source.
The realistic mobility traces generated by SUMO include
all essential characteristics of city environment like mul-
tiple lane roads, communication obstacles, and vehicle
speed regulations in accordance with traffic signals at
intersections.
5.1 Simulation setup
The simulation scenario comprises of 3000 × 2500 m2

city area with 32 multilane bidirectional roads and 32
intersections. At the start of the simulations, all the
Table 2 Simulation setup

Simulation/scenario

Simulation time 250 min

Map size 3000 × 2500 m2

Mobility model SUMO

Number of intersections 32

Number of double lane roads 36

Number of vehicles 100–400

Weighting factors α = 0.5, β = 0.5,
H1 = 0.5, H2 = 0.5
σ = 0.5, ρ = 0.5
vehicular nodes were positioned randomly over the
multilane bidirectional roads. The movement of the
vehicular nodes in both directions on a multilane road is
based on the intelligent driving model [22]. The simula-
tion parameters that are used for performance analysis
are presented in Table 2. The simulation outcomes are
based on an average of 15 simulation runs.
5.2 Results
The metrics that are used for evaluation of the routing
protocols include the packet delivery ratio, end-to-end
delay, and routing overhead. Packet delivery ratio is the
fraction of packets that are effectively dispatched to their
destination vehicular nodes. End-to-end delay is the
average delay incurred by a packet while moving from
its source to destination. While routing overhead is the
fraction of total control packets generated to the total
data packets delivered at destinations during one
complete simulation run. The detailed depiction of the
aforementioned metrics is provided in [1, 11, 14, 36, 47].
We provide a comparative study and in-depth analysis
of RPSPF with respect to GPSR, GSR, GyTAR, and
TFOR considering the aforementioned metrics.
5.2.1 Packet delivery ratio
Figure 5 presents the impact of increasing node density
on the packet delivery ratio. In Fig. 5, it is illustrated that
as the vehicular density increases, the packet delivery
ratio of all the considered routing protocols increases.
The figure exhibits that the packet delivery ratio of the
RPSPF is the highest as compared to GPSR, GSR,
E-GyTAR, and TFOR. This is because of two reasons,
firstly, in RPSPF, the routing path is set up based on
multiple intersections guaranteeing that the intersections
with rich traffic density are chosen. Therefore, the
packet will move successively towards destination along
the streets which contains enough vehicles ensuring rich
network connectivity. Secondly, RPSPF provides a reli-
able link stability mechanism that ensures that before
forwarding the data packet, the link has enough life-time
MAC/routing

MAC protocol 802.11 DCF

Channel capacity 54 Mbps

Transmission range 266 m

Traffic model 15 CBR connections

Packet sending rate (1–10 packet(s)/s)

Vehicle speed 35–60 Km/h

Beacon interval 1 s



Fig. 5 Packet delivery ratio as a function of the number of nodes (@5 packets/s). RPSPF represents Reliable Path Selection and Packet Forwarding
Routing Protocol which is proposed approach and is represented by a solid line with a square. TFOR is traffic flow-oriented routing protocol and
is represented by a dashed line having rhombus. E-GyTAR is Enhanced Greedy Traffic Aware Routing protocol and is represented by a solid line
with circle. GSR is geographic source routing protocol and is presented by a dotted line having a cross. GPSR is Greedy Perimeter Stateless Routing
Protocol and is presented by a dashed line having a triangle

Fig. 6 Packet delivery ratio as a function of the packet sending rate
(400 nodes). RPSPF represents Reliable Path Selection and Packet
Forwarding Routing Protocol which is proposed approach and is
represented by a solid line with a square. TFOR is traffic flow-
oriented routing protocol and is represented by a dashed line
having rhombus. E-GyTAR is Enhanced Greedy Traffic Aware Routing
protocol and is represented by a solid line with circle. GSR is
geographic source routing protocol and is presented by a dotted
line having a cross. GPSR is Greedy Perimeter Stateless Routing
Protocol and is presented by a dashed line having a triangle
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to accomplish successful forwarding. This avoids link
ruptures before a packet is completely delivered to the
destination. GSR computes a sequence of intersections
statically without considering vehicular traffic density.
As a result, sometimes it selects routing paths that
consist of city streets with low vehicular traffic density.
As a result, packets are unable to move towards destin-
ation due to lack of connectivity which degrades the
packet delivery ratio. E-GyTAR and TFOR accomplish
routing path dynamically based on one intersection at a
time. Dynamically, considering one intersection at a time
might lead to a selection of those intersections whose
next streets contain no or very low vehicular traffic. Se-
lection of such streets results increases the probability of
encountering local optimum at street level which leads
to a reduction in packet delivery ratio. Also, GSR, E-
GyTAR, and TFOR protocols during forwarding mech-
anism may select those neighbor nodes which are the
closest to the destination but their link duration time is
not enough to get packets successfully transferred from
the forwarding nodes. In other words, the links break
before successful delivery of the packets and packets are
lost which also degrades the packet delivery ratio.
Figure 6 presents the impact of packet sending rate on

the packet delivery ratio. Increase in packet sending rate
causes network congestion and packets collision which
brings down the packet delivery ratio. It affects the
performance of all the routing protocols. Some vehicular
nodes along the preselected routing paths in GSR trans-
mit more control messages due to static intersection
selection mechanism which causes a reduction in the
packet delivery ratio as compared to RPSPF, E-GyTAR,
and TFOR. Unreliable forwarding mechanism in GSR,
GPSR, E-GyTAR, and TFOR also affects the packet
delivery ratio because more packets are re-generated and
dropped due to link ruptures.
Figure 7 illustrates the influence of increasing file size

(data size) on packet delivery ratio. If we increase the file
size, the packet delivery ratio tends to decrease for all
the considered protocols. This is because, in VANETs,
due to the high mobility of nodes, the topological con-
nections are ephemeral. More time is required for trans-
fer of files having a larger size as compared to smaller



Fig. 8 End-to-end delay as a function of the number of nodes (@5
packets/s). RPSPF represents Reliable Path Selection and Packet
Forwarding Routing Protocol which is proposed approach and is
represented by a solid line with a square. TFOR is traffic flow-
oriented routing protocol and is represented by a dashed line
having rhombus. E-GyTAR is Enhanced Greedy Traffic Aware Routing
protocol and is represented by a solid line with circle. GSR is
geographic source routing protocol and is presented by a dotted
line having a cross. GPSR is Greedy Perimeter Stateless Routing
Protocol and is presented by a dashed line having a triangle

Fig. 7 Influence of increasing data size on packet delivery ratio (400
nodes). RPSPF represents Reliable Path Selection and Packet
Forwarding Routing Protocol which is proposed approach and is
represented by a solid line with a square. TFOR is traffic flow-
oriented routing protocol and is represented by a dashed line
having rhombus. E-GyTAR is Enhanced Greedy Traffic Aware Routing
protocol and is represented by a solid line with circle. GSR is
geographic source routing protocol and is presented by a dotted
line having a cross. GPSR is Greedy Perimeter Stateless Routing
Protocol and is presented by a dashed line having a triangle
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files. Choosing a suitable node with sufficient contact
duration for forwarding a larger file is of immense im-
portance. It can be observed from the figure that as we
increase the file size from 2 to 10 MB, the packet deliv-
ery ratio degrades for all the protocols. However, our
proposed protocol outperforms the other protocols. This
is because, firstly, our protocol dispatches the packets
towards destination through those streets that maximize
connectivity. Secondly and most importantly, the for-
warding node always prefers to forward the packet to a
neighbor that offers enough link life-time to carry out
successful file transfer which decreases the probability of
packet loss. The rest of the protocols prove to be inef-
fective in providing higher packet delivery ratio. The
major reason behind this is that their forwarding strat-
egies look to forward the packet to a node without con-
sidering link lifetime. The links often break before the
successful transfer of the file due to the short link life-
time. As a result, packet loss increases and this leads to
decrease in packet delivery ratio.

5.2.2 End-to-end delay
Figure 8 exhibits the performance of RPSPF, E-GyTAR,
GPSR, GSR, and TFOR in terms of end-to-end delay
with respect to increasing traffic density. RPSPF outper-
forms GPSR, GSR, E-GyTAR, and TFOR in terms of
end-to-end delay as well. This is because, RPSPF pro-
gressively accomplishes routing path based on multiple
intersection selection mechanism by considering net-
work connectivity when relaying data packets from
source to destination. The reliable greedy forwarding
mechanism maintaining one-hop information based on
link stability accomplishes successful forwarding avoids
packet retransmission and helps to reduce the end-to-
end delay as well. While in E-GyTAR and TFOR, their
intersection selection mechanisms sometimes compel
them to select those routing paths that have negligible
connectivity; therefore, a packet stays the longer time in
a buffer which results in long delays. Also, E-GyTAR
uses only directional density to find the path but in
urban scenarios with a two-lane road, there are a lot of
streets having the non-directional density for providing
the shortest path which avoids end-to-end delay.
Pre-determination of end-to-end path routing path in
GSR before dispatching data packets without consider-
ing connectivity causes delays due to lack of traffic dens-
ity along some routes. In GPSR, perimeter phase
establishes longer routes while relaying the packet towards
the destination. It also causes routing loops which results
in long delays. The novel combination of multiple inter-
section selection mechanism with reliable forwarding
mechanism in RPSPF leads to a considerable reduction of
end-to-end delay in comparison to the other protocols.
Figure 9 provided end-to-end delay with respect to dif-

ferent packet sending rates on the logarithmic scale. It
shows that an increase in packet sending rate does not
have a considerable impact on the performance of
RPSPF as compared to the considered routing tech-
niques. This is because of its new intersection selection
mechanism and reliable forwarding which can incorpor-
ate the city challenges like high mobility and finding
streets which provide better connectivity for routing in a
better way as compared to earlier techniques.

5.2.3 Routing overhead
Routing overhead with respect to a different number of
the nodes for all the routing protocols is illustrated in



Fig. 9 End-to-end delay as a function of the packet sending rate
(400 nodes). RPSPF represents Reliable Path Selection and Packet
Forwarding Routing Protocol which is proposed approach and is
represented by a solid line with a square. TFOR is traffic flow-
oriented routing protocol and is represented by a dashed line
having rhombus. E-GyTAR is Enhanced Greedy Traffic Aware Routing
protocol and is represented by a solid line with circle. GSR is
geographic source routing protocol and is presented by a dotted
line having a cross. GPSR is Greedy Perimeter Stateless Routing
Protocol and is presented by a dashed line having a triangle
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Fig. 10. An increase in traffic density increases routing
overhead for all the protocols. This is because the num-
ber of control messages produced during simulation is
directly proportional to the number of vehicles. The
routing overhead incurred by RPSPF is least as com-
pared to the other routing protocol. For acquiring neigh-
bor locations, GSR produces more beacon messages
which increase its routing overhead. The number of bea-
con messages generated by GSR is three times more as
compared to E-GyTAR [1]. GPSR recovery strategy
incurs more packet transmission which induces higher
Fig. 10 Routing overhead as a function of the number of nodes (in
5 packet/s). RPSPF represents Reliable Path Selection and Packet
Forwarding Routing Protocol which is proposed approach and is
represented by a solid line with a square. TFOR is traffic flow-
oriented routing protocol and is represented by a dashed line
having rhombus. E-GyTAR is Enhanced Greedy Traffic Aware Routing
protocol and is represented by a solid line with circle. GSR is
geographic source routing protocol and is presented by a dotted
line having a cross. GPSR is Greedy Perimeter Stateless Routing
Protocol and is presented by a dashed line having a triangle
routing overhead. While both E-GyTAR and TFOR also
incur more routing overhead due to inappropriate inter-
section selection mechanism and unreliable forwarding
strategies. Packets are lost due to sudden link ruptures
while forwarding which results in retransmission of the
packets resulting in an increase in routing overhead.
Also, maintenance of two-hop neighbor information in
TFOR causes more routing overhead in high-traffic
density scenarios like traffic jams. As shown in Figs. 5
and 6, the packet delivery ratio for the proposed proto-
col is better as compared to all the other considered
protocols; therefore, it means that lesser packets need to
be transmitted in case of the proposed protocol resulting
in decreased routing overhead. Forwarding mechanism
without link reliability causes packet loss and results in
increased routing overhead for all the routing protocols.
Figure 11 shows the routing overhead with respect to

the different packet sending rates. The increase in packet
sending rate increases the routing overhead for all the
considered protocols. The proposed protocol is least
affected with respect to an increase in packet sending
rate. The major reason behind this is that due to the
enhancement that the proposed protocol brings, the
packet delivery ratio is higher and the number of packets
lost is lower. As a result, increase in packet sending rate
does not substantially degrade the performance of the
proposed routing protocol as compared to the other
protocols.

5.2.4 Influence on performance by increasing the number of
considered intersections dynamically
One essential query that needs to be explored is that
what is the optimal number of intersections that should
Fig. 11 Routing overhead as function of packet sending rate (400
nodes). RPSPF represents Reliable Path Selection and Packet
Forwarding Routing Protocol which is proposed approach and is
represented by a solid line with a square. TFOR is traffic flow-
oriented routing protocol and is represented by a dashed line
having rhombus. E-GyTAR is Enhanced Greedy Traffic Aware Routing
protocol and is represented by a solid line with circle. GSR is
geographic source routing protocol and is presented by a dotted
line having a cross. GPSR is Greedy Perimeter Stateless Routing
Protocol and is presented by a dashed line having a triangle
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be considered for accomplishing the best performance?
For responding such query, we have compared the per-
formance in terms of packet delivery ratio with respect
to increasing the number of considered intersections.
The outcome of simulation depicts that consideration of
two intersections gives us the better performance as
compared to increasing intersection beyond two.
According to Fig. 12, increasing the number of consid-

ered intersections from 1 to 2 gives us an increase in
packet delivery ratio. On the other hand, as we begin to
increase the number of intersection beyond 2, RPSPF
performance begins to decline in terms of packet deliv-
ery ratio. The primary reason behind this study lies in
one of the very fundamental characteristics of VANETs,
i.e., the VANETs have a very dynamic network in nature
and its topology alters very quickly. For this reason, con-
sidering more than two intersections while deciding for
packet forwarding degrades the performance instead of
accomplishing an enhanced performance. Furthermore,
maintaining all the information that lies between
multiple intersections, such as traffic density and vehicle
direction, in a highly dynamic topology also direct to an
increased overhead in terms of processing and storage.
The simulation outcomes show that our protocol

RPSPF that contains dynamic multiple intersections
selection mechanism with reliable forwarding brings
the considerable improvement over other routing
approaches. It enhances the performance of the net-
work by providing paths with better connectivity and
forwarding packets through stable links. The novel
mechanisms introduced in RPSPF lead to performance
enhancement in terms of end-to-end delay, packet
delivery ratio, and routing overhead.

6 Conclusions
In this paper, we have presented a new reliable path
selection packet forwarding protocol for VANETs called
Fig. 12 Packet delivery ratio vs increasing number of intersections
dynamically at a time in 400 nodes. RPSPF indicates Reliable Path
Selection and Packet Forwarding Routing Protocol which is the proposed
approach. It is presented in the figure with a solid line having a square
as Reliable Path Selection and Packet Forwarding Routing
Protocol (RPSPF). At the beginning, we have discussed a
detailed technical analysis and comparison of the existing
state-of-the-art routing strategies by highlighting the
major limitations countenanced by these approaches.
After that, we provided details of our proposed routing
technique and explained how it overcomes the limitations
of existing techniques. RPSPF chooses a couple of inter-
sections at a time on the basis of the shortest curve metric
distance to the target node and vehicular traffic density.
RPSPF make use of a new multiple intersections selection
mechanism, a novel reliable and stable greedy forwarding
approach to relay packets in between intersections, and a
recovery technique, which is capable of incorporating city
environments more efficiently. Simulation results have
revealed that RPSPF surpasses TFOR, E-GyTAR, GPSR,
and GSR in terms of various metrics like packet delivery
ratio, end-to-end delay, and routing overhead. This is due
to its ability of incorporating city surroundings’ main chal-
lenges to routing in a better way as compared to earlier
routing techniques.
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