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Abstract

Internet of Vehicles (IoV) is the later application of VANET and is the fusion of the Internet and lIoT. With the
advancement in innovation, individuals are investigating a traffic environment wherever they would have the
extreme cooperation with their environment including other vehicles. The Internet of Vehicles (loV) was
created so that vehicles can communicate with each other in an infrastructure environment. The prerequisite is
to form a more secure trip in an loV environment with the least delay and high packet delivery rate. This
guarantees that all information is received with negligible delay to maintain a strategic distance from any
mishap. This paper presents a new position-based routing algorithm called Position-Based Connectivity Aware
Routing (PBCAR) for loV that covers sparse and coarse regions of vehicles. It takes advantage of the Internet
and street format to progress the execution of routing in loV. The PBCAR algorithm uses a GPS real-
time chasing system to find traffic information for forming position-based paths from the source node to the
destination node. The PBCAR algorithm has been simulated using SUMO and Network Simulator and
compared with AODV and GPSR. The results show that the PBCAR algorithm obtains exceptional results
considering the several simulation parameters.
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1. Introduction

loV is another form of VANET and is the coalition of Internet and l1oT. VANET is a kind of wireless network where

vehicles interact with each other with roadside units for consistent and hasty communication. It is an ample demand
in disaster or urgent situations. Based on need, an Internet of Vehicle (IoV) is a heterogeneous wireless network
that establishes among the vehicles. Each vehicle must put together wireless transceivers and computerized control
components that let the vehicles act as network nodes and then only these vehicles can contribute in a loV
environment. Every vehicle has a limited wireless network range of a few hundred meters, therefore in order to
communicate from one location to another over a greater distance; communications must be routed over the
Internet. This requires a real-time transmission of messages from source to destination. Nowadays, mostly applied
mobility models are established on the simple random patterns model that may not illustrate vehicular mobility in
the realistic approach. Vehicle-to-vehicle (V2V) communication is effective for a number of reasons, including
better bandwidth, short range, and low cost of communication. An Internet of Vehicle (loV) is a subtype of
VANET, is made up of several cars that travel and communicate with one another in the absence of a fixed
infrastructure. The ad hoc networks have the advantage because it does not require any permanent infrastructure.
Another significant criterion that we may use to characterize 1oV is its high mobility node count, potential large-
scale network, and variable network intensity. The Internet of Vehicle also has the benefit of a wide range of apps
for multimedia, internet access, convenience of driving, and road safety.

The following characteristics are comprised in the PBCAR algorithm:
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1. The Road Side Unit (RSU) is put beside the street. These RSU's are settled framework items with better
transmission coverage as compared to transmission coverage of vehicles. The significance of RSU goes on
when vehicular interaction is not feasible between vehicles. This empowers the interaction from vehicle to RSU
(or vice versa).

2. A Mobile Vehicle (MV) is put along the main road. The MVs are mobile infrastructure units with higher
transmission coverage as compared to the RSU. The significance of MV arises when there is no vehicular
communication or vehicle to RSU is possible. This allows communication from vehicle to MV (or vice versa).

3. There are three sorts of communication probability within the PBCAR.
— Vehicle to Vehicle (V2V) communication occurs when vehicles frame an ad hoc region. Vehicle-to-RSU
(V2R) communication is performed when there is no inter-communication is possible amongst vehicles. This
instance occurs, as vehicles are more distant to each other and does not able to frame an ad hoc area.
— Vehicle to MV communication emerges when destination vehicle isn't joined under RSU excluding source
vehicle.

It is not always viable that there is an exceedingly vehicular ad-hoc network is form. The PBCAR algorithm solves
the issues for later instance.

2. Related Work

In spite of continuously ongoing inquire about, certain argues are even being confronted in VANET counting
security, and minimal inactivity. Here just going to talk about a few problems of VANET as well as oV which
affect the arrange execution.

One of the utmost concerns is path optimization in vehicular ad-hoc systems. Path optimization exists broadly
deciding the efficient path in relation to fewer cost and smallest way with less delay. The path optimization is
exceedingly energetic topology and unusual development of vehicles, it has ended up vital to offer a methodology
that may relieve such problems for well spread of data inside vehicles collaboration and the encompassing
situation. An optimized path, generally utilize calculations to decrease the conceivable outcomes and help select
the path.

Designing an effective routing algorithm has been a focus of extensive research in VANETs,. The node-centric
MANET protocols AODV [1], DSDV [2], DSR [3], and OLSR [4] adhere to the topological establishment of end-
to-end pathways. By utilizing the fixed movements of vehicles and the relative velocities between nodes, solutions
have been proposed to enhance VANET performance [5, 6, 7]. Using this data, a node with a high relative velocity
to the target is chosen. Numerous routing protocols, which can be categorized in a number of ways based on
different factors—such as the route information, the quality of services, originality of the protocol, the methods
employed, the network simulation, etc. have been created and employed for VANET settings. The vehicular ad
hoc routing protocols are grouped into five groups: geocast-based, cluster-based, broadcast, topology-based, and
position-based built on the routing algorithms. Based on the features and methods employed by the routing
protocols, this classification was created.

Topology-based steering conventions employments methodologies to supplant the area administrations. For
illustration, An AODV directing convention was planned that is upgraded with Geocast capacities for vehicular
systems. Geographic Source Directing (GSR) [8] presents a steering convention. Reenactments stood utilizing
vehicular development designs of a certain portion of the Berlin town gotten employing a activity stream test
system. Assessing with the steering conventions of AODV and DSR, GSR outperformed regarding conveyance
latency and rate. On behalf of these methodologies, changes must be made to the topology-based conventions in
arrange for the steering procedures to operate legitimately. The refinement between [9] and [8] is that the last
mentioned ponders vehicle advertisement ad-hoc systems in urban settings, while the previous analyzes vehicular
advertisement ad-hoc systems for thruway situations.

Scalability is achieved by cluster-based routing techniques [10, 11]. There are several clusters in cluster-based
routing, and each cluster has a cluster head. Communication both within and between clusters is under the cluster
head's purview. While the cluster head handle inter-cluster communication, intra-cluster communication occurs
directly between nodes within the cluster [12].

In Geocast Routing, a particular enabling packet delivery from source to destination via flooding and geocasting.
This algorithm is an area-based steering in which packages are transported within a designated geographic area.
By defining the sending zone and controlling flooding inside it, geocast directing confines the arranged clog and
lowers message overheads. Several guiding computations fall under this category, including those of [13], the
Inter-Vehicular Geocast Convention (IVG) [14], and [15].

Broadcast directing is used to distribute information about traffic, weather, emergencies, and street conditions
among several motors. Flooding is generally used in these kinds of conventions, however as the organized measure
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increases, it poses problems with transfer speed. Novel conventions are thus suggested to show progress in transfer
speed usage. A few examples of broadcast are BROADCOMM [16], Urban Multi-Hop Broadcast (UMB) [17],
and Vector Based Following Discovery (V-TRADE [18].

Analysts from both the scholarly world and commerce have been looking into potential arrangements for the issues
confronting VANETS for a number of a long time. In arrange to offer moved-forward arrangements for information
transmission, higher throughput, and optimized ways, overviews have been conducted and calculations put
forward. The writing that addresses issues and deterrents related to vehicular advertisement ad-hoc systems, the
Web of Vehicles, portability models, and applications of these systems would be the center of this portion. We
will also talk almost a few strategies or approaches that diverse analysts have recommended to reduce the issues
in this field.

For a long time, analysts from the scholastic field and industries have been exploring specific conceivable
techniques to unravel the issues that are ensuing confronted in vehicular Ad-hoc networks. The several studies
were done to supply improved arrangements for information conveyance, superior output, and improved paths.
This area will center on the pertinent writing based on issues confronted in vehicular systems. loV, versatility
models utilized, and applications of such systems and procedures or strategies projected by different analysts to
play the issues being confronted in this area.

VANET's versatility brings up many fundamental questions. Nowadays, most people choose to use their own
vehicles, which results in a wide and convoluted arrangement because of the increased number of vehicle hubs in
the VANET topology. The navigation convention finds it difficult to fully cover all moving cars with such an
increase [19]. This may have an impact on the overall way the plan is carried out, with some areas under the
authority of the routing convention functioning well, while some cars are deprived of the effective routing
convention because of the extreme adaptability of the plan.

As vehicles are constantly entering and exiting the arrangement, the vehicle hub thickness in VANET is
consistently abnormal. A few of the routing in VANET are intensely wide due to path characteristics same way
better street circumstances and the most brief way to a specified goal. Such a circumstance can block the activity
arranged, expanding organized complexity, whereas the other courses may be meagerly dense which comes about
in uneven hub conveyance within the organized [20]. Such sort of portability and topological adjustments make it
worrying to have an optimized coordination that is beneficial in taking care of such sorts of steering issues in the
VANET environment.

Subject to the organized necessities, a grouping of flexibility representations was proposed for vehicular promotion
and has its own properties [21]. These characteristics might consolidate the plan in which the transportability
interior takes place in which a vehicle can move in an organized way to control the movement depending upon
such characteristics and flexibility is chosen for the establishment.

The author in [22] proposed a location based VTARA which is a VANET class directing convention for
metropolitan and interstate situations and shows the advantage of street format to progress for execution of steering
in VANETSs. The calculation employments a real-time GPS framework to get activity data for making street-based
ways from source to target pairs. The enhanced sending was utilized to make out the sending hub near the street
design that shaped the way to provide the information bundles. VTARA calculation forwards information along
the street design and takes genuine activity on the street into consideration.

The author of [23] talked about a WiMAX arrange and ad-hoc vehicle organize, which is displayed in this article.
He recommended a steering calculation composed of two forms: a route search process and a stack adjusting
prepare. Whereas the proposed cross breed organizes directing strategy maximizes the normal packet provide
proportion, it too minimizes other parameters such as the normal inactivity and course length.

[24] suggested a unique heterogeneous planning for the loV that is established on the basis of various wireless
communication crossing points that are accessible. The future compatibility of vehicular communication with
multiple contemporary network protocols is one of its most important criteria. By altering simulation duration and
mobility rates, the suggested heterogeneous planning beat the standing wireless technologies when examined
separately on the derivation of extraordinary output and small delay in contrast to standard WAVE designs,
4G/LTE, and long-range WiFi. The architecture makes sure that the finest connectivity is provided, which can
frequently meet user needs and serve a larger number of customers. Future vehicular networks will find great
potential in the suggested RoF-based design with multi-interfacing, which concurrently guarantees the integrity,
interoperability, and dependability of the networked devices in an loV context.

In [25] discusses the challenge-solution for security and privacy on the Internet of Vehicles. Because intelligent
transportation security is so vital to human life and quality of life, it is examined from many angles, particularly
in the context of the Internet of VVehicles. The targets, nature, issue, location, and suggested solutions are all taken
into consideration when classifying an attack. They are connected to security-focused protocols, making it simple
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to describe the solution, explain security protocols, and give the most significant body of knowledge on the topic.
PSO and ACO are both considered in the vehicular network [26] to improve VANET performance. Using ACO,
several routes are created with a uniform vehicle intensity from the source to the destination. A novel strategy has
been put out in [27] and contrasted with the current algorithms. The suggested algorithm performed better in terms
of longevity, stability upgrade, throughput, and delay time reduction.

MV (Mobile Vehicle)

Figure 1. Proposed Heterogeneous Wireless Architecture for loV

3. Proposed Routing Architecture

The suggested Position-Based Connectivity Aware Routing (PBCAR) improves the communication in loV for
rural and main road scenarios shown in figurel. The intent of PBCAR is to provide unbroken interaction
concerning two vehicles perhaps close or remotely aside respectively on rural and main road. Utilizing an existing
technology for vehicular communication in rural and main roads might be ineffective as technologies have their
own benefits and weaknesses. Utilizing WLAN offers a speed up to 54 Mbps and limited access for a few meters
(until 250 m). This will sign of packet loss owing to network disconnectivity while an inaccessible intensity of
vehicles is unusual as compared to urban setups, thus vehicles may be incapable of maintaining ad hoc region for
interaction. So, WLAN will not offer effective communication because of its restricted coverage. In comparison
to wireless LAN, the MV is equipped with a 4G/5G network, has a range of up to 20 km or more by the high
transmission speed, and supports high-speed vehicular movement up to 120 Km/h. The MV has the advantage of
supporting high-speed roaming and has a good coverage capability of about a number of kilometers. Thus, we
have utilized services of MV and wireless LAN as a strong complement network.

Therefore, PBCA combined WLAN and MV technologies for effective data transfer on main and rural roads in
order to offer vehicular protection and entertainment facilities. The suggested network architecture for PBCAR is
comprised of two unique radio access technologies. The two dissimilar wireless networks confirm distinct data
speeds and cell dimensions. The bottom level, as depicted in Fig. 1, is made up of a high-bandwidth wireless cell
with a restricted handling area (100-300 m). Therefore, the bottom level utilizes 802.11p standard for V2V or
V2RSU (vice-versa) communication. The upper level of PBCAR architecture contains of mobile vehicle network
for high-speed data transfer. The main reasons to use MVs are that it allows for high-speed roaming and the
necessary setup is placed along the roadside.

The PBCAR architecture utilizes the active mobile vehicle network that is positioned beside the edge of the rural
and main road for communication. The highest level of PBCAR architecture signifies broadband technology,
which supports much higher bandwidth through a greatly varied coverage area, normally 20 km. In the proposed
PBCAR deployed the mobile vehicle equipped with a broadband network near the roadside on rural and main road
scenarios. In the suggested PBCAR, these source and destination pairs are chosen at random. According to the
suggested algorithm, a source node uses beacons or hello packets to determine its neighbor nodes' location by
using GPS. To find out the positions of its neighbors, the source node sends out beacons or hello packets to each
one of them. When a neighbor node receives a hello packet, it responds to the source node by sending back a hello
packet that includes its position and additional data. Thus, the source vehicle learns the location of its next
neighbors in this way. Subject to the space between source and destination nodes, the source node might have
straight communication with the destination using traditional VANET communication or may interact with the
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mobile vehicle broadband network using its dual mode interfaces V2V or V2MV communication. In PBCAR, it
is anticipated that all vehicle is equipped with GPS and set up with dual mode network interface cards, one for
mobile vehicle networks and the other for Wireless LAN (IEEE 802.11p). Additionally, because every vehicle is
equipped with an IEEE 802.11p interface card, which provides a transmission range of 250 m, the range of mobile
vehicles equipped with a 4G/5G system maybe 20 km or greater and it is assumed that all RSU has 1000 meters
of coverage.

3.1 Description of PBCAR Algorithm

The PBCAR algorithm uses the network design shown in Fig. 1 to send information from a specific source to an
actual destination node. In the PBCAR, a source node is informed of the position of the destination and about its
neighbor nodes via GPS by means of beacons or Hello packet correspondingly. The Source sends a Hello packet
or signals to every neighbor to discover the position of the neighbor. The neighbor node acknowledges the Hello
packet by responding to the source node and sending back the Hello packet that holds the information about the
node and their location. Therefore, the PBCAR works greatly in the mentioned heterogeneous architecture
wherever two distinct wireless technologies are combined. The aim of the PBCAR algorithm is effectively send
data from a source to a specific destination vehicle and experience the resources accessible on the internet without
failing the connectivity of the network.

3.2 Case Analysis for PBCAR Algorithm

Let TRY o and TRRSU .~ be the maximum transmission coverage of the vehicle and Road Side Unit
individually. The RSU are close to streets, whereas vehicle places vary, the GPS data is employed to decide the
position of any vehicle in the form of longitudes and latitudes place of a vehicle. Let d ; = d (V;, V) stand the
distance relating to any two vehicles i #j, in addition d , = d (V;, RSU,.) be the distance between roadside unit
RSU, to vehiclei#r,and d ; = d (V;, M) be the distance between Mobile Vehicle Network Station and the

vehicle i #s for every i, j, r,5=1,2,3, ... .

Figure 2. Source and Destination is within ad hoc region or registered under same or different RSU

Case 1: Destination vehicle Di is in the transmission range of Source Vehicle Si: If d ; < TRY .4, , then no matter
whether VS and VD are registered with the same or different Road Side Unit (RSU), VS will directly
communicates the data packets to VD, if VD is in the transmission range of VS. In this Vs and Vd are in an ad
hoc region shown in figure 2.

Case 2: Vs and Vd are not in Adhoc

d,>TRY paxand d, <TRRSU . then TRY o <d, < TRFSU, .., thus Vsand \Vd are not able to form an
ad-hoc region but Vs and Vd are registered with same Road Side Unit (RSU). If d , = d (V;, RSU,.) < TRRSY ..,
then Vs sends the message to RSU and RSU delivers the message to Vd because Vd is in the range of RSU. The
Vs and Vd can send and receive the message until this case exists.
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MYV (Mobile Vehicle) m\

Figure 3. Source and destination far away from each other

Case3: The Vs and Vd are far away from each other:
d,>TRRY, .., d;<TR™ ..andd;= dV;,MV,)<TR™ ... Thus, Vsand Vvd

Ifd, >TRY hox

are far away from each other the role of mobile vehicle broadband station comes into play. The Source Vs willing
sends the data packets to the destination VVd. The source Vs will now utilize the broadband service, which has high
bandwidth to send the data packet to the destination VVd. The Mobile vehicle broadband station checks their
registration database whether the Vd is registered under it, if VVd is registered under it then the broadband station
delivers the data packet to VD. If VVd is not registered under it, then the broadband station forwards the data packet
to another broadband station and a similar process continues until VVd receives the data packet. Therefore, the
proposed PBCAR will reduce the delay, improve the packet delivery ratio also minimize the number of hops as
shown in figure 3. The flowchart for Position-Based Connectivity Aware Routing (PBCAR) is shown in figure 4.

perform V to MV
comunication

No

|
>

Is destination is
perform MV to MV in the range of MV?

comunication

deliver packet from
MV to destination

Enter Destination

Is Vi forms an
ad hoc region
within its
neighbours ?

comunication for all i and j

perform Vito Vj

perform V to RSU
comunication

Is destination is
in the range of RSU?

Is destination is
in ad hoc region
and ad region
is maintained ?

deliver packet from
source to destination

deliver packet from
RSU to destination

Figure 4. Flowchart for Position-Based Connectivity Aware Routing (PBCAR)
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Pseudocode for PBCAR Algorithm
Position-Based Connectivity Aware Routing (PBCAR)

Let S and D be source and destination vehicles.
1. S mitiates the routing procedure to access the heterogeneous network and calculates the
distance between itself and D
2. IF S and D are in each other’s communication range THEN S forwards the packet to D
directly
3. ELSEIF S and D are under the same RSU AND do not form ad hoc network THEN S
forwards the packet to its RSU. RSU
forward the packet to D
4. ELSE S and D are registered under different RSU THEN
S first sends data packet to the Mobile Vehicle Network under whom it is registered. Mobile
Vehicle Network will forward the data packets to D if D is registered under it. Otherwise
Mobile Vehicle Network forwards the data packet to another Mobile Vehicle Network which
has a large bandwidth capacity, which i turn sends the data packet to D, the process will
continue until the destination D found
END IF

3.3 Performance evaluation

This section presents the results of the execution of the PBCAR with SUMO and the Network Simulator. The
performance is assessed with the main road and city situation taken into account without any hindrances. To
analyze the performance of different routing parameters and assess the performance of the proposed PBCAR
algorithm with topology-based (AODV) and location-based (GPSR) routing protocols.

3.4 Simulation setup

A realistic mobility model is generated by considering a transportation scenario involving cities and highways.
The scenario depicts both highway traffic and typical urban conditions found in cities. It creates a two-lane road.
The model takes into account the primary traffic pattern, vehicle speed, lane changes, and the possibility that a fast
car may pass a slow-moving one. To create the vehicle movement patterns, the simulation scenario is configured
to a 4 * 4-kilometer region instance that includes a city and a highway.

The developments of the vehicle hubs are created using an open-source tiny space-continuous time discrete
vehicular activity generator bundle called SUMO. To determine the speeds and placements of the vehicles, SUMO
applies a collision-free vehicle in the resulting demonstration. SUMO receives the outline, the calculations
surrounding the speed limits, and the number of pathways for each street section on the outline as input. To obtain
finer-grained hub developments, the first several thousand of the SUMO yield are eliminated. The SUMO vyield is
converted into input records for the NS-2 test system's hub movement.

Table 1: Different simulation constraints considered for assessing the PBCAR

Variable Values
*
Simulation area 4% 4km
Number of vehicle 160
Simulation duration 3500 s
Vehicle transmission range 100 m
RSU transmission 500 m
Mobile Vehicle Network 20 KM
Traffic CBR: rate 0.5-5 kbps
Packet size The size of packet varies from network to network,
but in this simulation a fixed size (512 bytes) is used.
MAC protocol IEEE 802.11p
Vehicle speed 10— 120 Km/h
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The simulation setup uses the IEEE 802.11p standard at the MAC layer. The shadowing propagation model is
used to characterize physical propagation at the physical layer. The IEEE 802.11p standard at the MAC layer for
the remote setup is utilized. At the physical layer, we utilized the shadowing engendering demonstration to describe
physical stimulation. The tests ran in arranged with distinctive hub densities from 10 to 160 hub situation speaks
to generally scanty and thick systems. The required localities inside the development records and their network
topology diagrams from Google maps are taken as indicated in fig 1. The straightforward movement patterns of
vehicles within the genuine world are considered. The recreation parameters considered to assess the execution of
PBCAR are given in Table 1. The assessment strategy, the metric for comparing the conventions, and the
investigation of reenactment are in the next section.

4 Result Analysis
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Figure 5. Average delivery ratio versus number of vehicles

4.1 Average Packet Delivery Ratio

Figures 5 appears that the proposed PBCAR performs better way than other routing protocols for diverse hub
densities (10 to 160 vehicles) since the vehicular activity is sensible around street design. Proposed PBCAR
accomplishes higher packet delivery since it has the extra advantage that the vehicular hubs utilize high-speed
mobile vehicle networks for sending the packets toward the destination if vehicles are not able to form an ad-hoc
network. Hence, the majority of the packets that were sent will reach the destination yielding a smaller number of
packets drop rate. The packet delivery falls for AODV and GPSR while the number of hubs increases.
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Figure 6. Average delay versus number of vehicles

4.2 Average Delay

Figure 6 shows the execution in terms of delay. The figure shows that the finest execution in terms of delay up to
a density of 100 vehicles. The contention on the wireless channel can visible here with the expanding values for
normal delay in GPSR and AODV individually. This indicates the delay in accepting packets sometime recently
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coming to their destination. AODV endures from higher delay as hub densities increase due to broken paths or
setting up very unused paths to the destination. In the case of GPSR delivers the packets in a greedy way toward
its goal hence it is less influenced by delay. The proposed PBCAR performs in a better way than other routing
protocols since it employs a mobile vehicle network when a vehicular ad hoc region is not formed between source
and destination vehicles. Hence, PBCAR is less influenced by end-to-end delay.
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Figure 7. Average path length versus number of vehicles
4.3 Average Path Length

Figure 7 shows the normal path length of packets up to 40 vehicles. The PBCAR has the least normal path length
than the other routing protocols due to the proximity of the mobile vehicle network to forward the packet to the
target node when selecting the hub. A path that built up with PBCAR is utilized until the source considers it as the
broken path. The PBCAR can assess the quality path through a mobile vehicle network. The AODV and GPSR do
not take advantage of mobile vehicle networks of the portability nature of vehicular Ad hoc networks. Hence, they
have longer path lengths as compared to PBCAR.
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4.4 Impact of Number of Flows

The assessment of protocols execution is appeared in Fig. 8 is based on the number of concurrent streams. The
packet transmission rate is usual for all the protocols. Generally, minimizes the number of streams, the protocol
execution stands better in connection of packet conveyance ratio. The PBCAR performance execution has way
well than the other among conventions. AODV appears the most elevated drop in conveyance proportion from the
1-flow to the 20-flow simulation. AODV convention has higher normal delay of the transmitted information as
route does not exists. The execution of GPSR is better as compared to AODV in terms of conveyance proportion
since its forward packets in gready way. Hence, GPSR continually keep up lower normal delay. Conversely,
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PBCAR normal delay is more delicate to the included stream, which keeps up a little normal delay. So that, the
PBCAR has the least in conveyance ratio with the simulated protocol.

5 Conclusion

One of the main issues with loV is network connectivity and effective routing because of the rapid changes in
network topology, erratic vehicle speeds, and high traffic density on roadways. The Position-Based Connectivity
Aware Routing (PBCAR) described in this paper facilitates consistent message delivery from the source to the
destination vehicles across two wireless network technologies by enabling complete connectivity on the Internet
of Vehicles (IoV) environment for rural highway scenarios. The suggested PBCAR enhances the user experience
minimizes radio access network bottlenecks (if any exist) and route the data packet intelligently from source to
destination.
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