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Abstract: The study and creation of networks that are independent of any pre-existing
infrastructure has become highly popular in recent years. These networks fall under the category
of Vehicular Ad-hoc Networks (VANETS), in which each car takes part in routing by sending
data to other vehicles. However, geographic routing attracts VANETS networks because they lack
route discovery and routing databases and the accessibility of low-cost GPS systems as well as
the advent of the 128-bit address structure of IPv6 have enhanced the advantages of geographical
routing over classical routing techniques. Additionally, the proposed algorithms based on greedy
routing are the main method for the next hop selection in multi-hop communication for optimal
and optimized solution in geographic routing. In this article, the study takes place with a number
of hops per route and greedy algorithm selection success ratio in VANETSs with source-to-
destination pairs. A comparative study is taken out in which LLP affects node density, hop count,
and transmission range. Monte Carlo simulations have been done with two important network
parameters which are transmission range and node density. This study will be a guideline for the
choice of greedy decisions to meet the objectives of network applications.
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1. Introduction

In recent years, new technology is introduced namely vehicular ad hoc network (VANET). It is
communication between the two vehicles denoted by (V2V) [1]. Due to the rise of the Internet of
Things and intelligent transport applications, VANET are growing in popularity. Trust mechanisms
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are used in these networks to implement secure resource sharing functionalities. Peer-to-peer
technologies are used by modern systems to span a wide operational area. Similarly, vehicle-to-
infrastructure is denoted by (V2I). This technology provides an advantage in reducing travel time
and gives a smarter way to make safer and more comfortably communication. It also enables the
vehicles to share information via one or multi-hop communication [2]. Due to these reasons, it is
considered the most important and favorable technology. Due to this, it is also used in many
intelligent transport (IT) systems [3]. The success of this technology is higher due to its higher
efficiency, comfort, and safety. Each application is designed to provide awareness in its aspect. For
example, a comfort application is designed to give comfort to passengers [4-5].

1.1 Background and Related Study

There have previously been various attempts to address the problems with hop selection. A solution
is offered by routing techniques for conventional ad hoc networks. In VANET, geographic routing is
preferred because it can more accurately account for the geographic placements of vehicles [6].
Geographic routing is also named geometric and position routing. It is used to send a message to the
node which passes through the different hops to attain position information. The message directly
routes towards the position of the destination. [7]. Also, present nodes attain the other neighbor’s
location information. This information helps in choosing a neighbor and then hops to the node which
is near the destination. For dynamic networks, geographic routing is much more attractive due to no
routing tables [8]. Working against these networks like sensor networks results in higher costs due
to procuring and the messages need bandwidth and higher energy [9].

In [10] the main tenacity of this research article is to support real-time traffic. The new approach is
generated called fuzzy geographical routing which is based on the Greedy Perimeter Stateless
Routing (GPSR). The three inputs which are taken into consideration are the delay, throughput, and
size of the buffer. It outputs a singular relevant metric to list the next hop.

Another study [11] provides dynamic support in inter-vehicle communication. In this manuscript, a
new routing algorithm is proposed called Link Connectivity analysis on Geographic Location
(LCGL) for VANET. It is constructed due to link connectivity analysis based on geographical
location. It is used to overcome the common issues of VANET routing. This strategy achieves the
connectivity of links and the geographic location of nodes.

The simulation results provide the v2v communication. It also provides routing protocols in the urban
environment, particularly in packet delivery rate and average hops. Additionally, this scheme
achieves a lower delay and higher throughput.

Similarly, in [12] the research article proposes a new forwarding improvement routing method is
proposed for the Ad Hoc network. The dependable communication is calculated in the greedy
forwarding phase. Formerly, the link quality is estimated according to relative displacement among
the nodes and the maintenance time of the link. The distance between the first to the second node and
the number of an opposite node gives a metric value. The forwarding mode is used for a while when
a routing hole occurs.

In the GFS protocol, there is a lower number of hops, and it selects the shortest path. This routing
protocol is simple and mountable as compared to other protocols. But the packet delivery can be
failed due to the drawbacks of this protocol. These issues can be resolved to make this routing
protocol works properly and efficiently. Many researchers used different strategies to increase the
delivery rate of a packet. There are as follows:

e Complication

e Extended delay and path

e Communication overhead increase
e Trade-off among proficiency
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e Single side efficiency

1.2 Organization of The Study

The manuscript is planned as follows. The introduction of this study is presented in section 1. The
state of the art is defined in section 2. The problem definition is defined in section 3. Similarly, section
4 defines the mathematical model. The simulations are done in section 5. Section 6 presents the
conclusion of this manuscript.

2. State of Art

This part of the manuscript discusses the recent trends in the field of geographical routing. The
protocol used in geographical routing uses a single metric in the process. Due to this, they are not
able to handle various problems like loss of link, holes in the network, and jamming. In [13] a protocol
is proposed namely multi-metric geographical routing to solve the abovementioned issue. This study
uses a multi-criteria decision-making method to address the boundaries and to accommodate many
metrics analytically. Additionally, a scheme is proposed which helps in choosing the opposite next
hop.

The results proved that this approach attains better performance than any other routing protocol. For
data communication, different routing protocols are used. This communication will be unreliable due
to different topologies and high mobility. This results in a loss of data and discontinuation in the link
between the nodes. Geographical routing protocols are very efficient due to low overhead processes.
In [14] Beaconless traffic-aware geographical routing protocol is developed for the density of traffic,
direction, and distance of the next node which addresses the delay and discontinuation issues. The
state of art protocols is considered for the simulation process.

In recent years, many researchers solve the different issues related to VANETS. The forwarding of
information becomes a challenging task which is sometimes problematic. This problem [15] is solved
by using an improved GPSR protocol. The selection of different stages is taken place in GPSR in
greedy mode. In the intersection mode, the vehicle guidelines are expected to direct the next stage.
The simulation results verify the effectiveness of the strategy used in this study to address various
issues.

The most popular subclass of VANET is internet-connected vehicles which is an uprising form. In
such types of networks, information sharing is done with the help of infrastructure or without
infrastructure. The routing protocol plays an important role in data communication between vehicles.
It also handles many characteristics like high mobility, discontinuation in links, and different
topologies. About [16] the intersection gateway and connectivity-based routing protocol are
presented for this subclass. This protocol uses traffic-aware routing which includes the density and
direction of nodes. The simulation results verify that the proposed protocol attains better performance
when compared to state of art routing protocols. This method is effective in terms of data delivery,
delay, and throughput.

3. Problem Definition

This section of the manuscript defines the problem statement. The main issue and causes of routing
decision failure are connectivity loss and link loss in greedy strategies. The number of hop counts is
decreased due to the selection of border nodes between source to destination. The connectivity of the
network is greatly affected by the parameter called link duration. This parameter depends upon the
speed and the node's mobility pattern. This study observes the mobility metric change effect with its
impact on the selection of forwarders in routing strategy’s greedy part. In VANET the two main
issues are to be considered. 1) Greedy forwarding protocol selection which is reliable in all scenarios
without causing any issue in node density, hop count, and transmission range. 2) Neighbor location
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prediction in time which attains the node position information. The figure below describes the
problem statement.

MOBILITY SELECTING
MODEL NEXT
HOP
L w
RANDOM POINT, CONNECTIVTY GREEDY
RANDOM DIRECTION, METRIC STRATEGIES
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LINK ¥
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Fig. 1 - Problem Statement Flow Chart

4. Proposed Framework

VANETS are very hard to deal with in terms of routing, because of their dynamically changed
topology rate, high mobility, and frequent link disconnections [17]. Research trends of the last decade
show that the Arrival of IPv6 has a 128-bit address structure and the availability of cheap GPS
systems had attracted researchers engrossed in routing techniques for Ad Hoc networks to work on
geometric routing techniques [18]. Recent research shows that geographic routing will be the
preferred solution for routing issues of Ad Hoc networks in near future [19].

Geographic routing was developed for wired and radio packet networks also called geometric and
position routing [20]. The three assumptions on which this network works is, the node is conscious
of its location, the node knows its neighbor with location and the location of the destination is known.
The basic idea in geographic routing protocols is that the node’s decision for data packet transmission
towards another node entirely depends upon the ending point and its neighbors’ position.

The neighbors within their transmission range are picked as the next hop neighbors in forwarding
decisions. [21]. Geographic routing adjusts greedy techniques as forwarding techniques. In this, the
mobile node decides to hop toward the neighboring node to the destination according to its distance
[22]. The following two equations are used to calculate the location and distance,

The prediction of the location of neighbor x on the st line is given as:

el — o St
|x't| = st. S (1)

|x"t| denotes the distance to the destination.
lyt| = |st| — [xt] (2)
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N

Fig. 2 - Progress and Advance

Figure 2 shows the geometrical techniques used for the next-hop selection in forwarding, where S
presents the source node that can find a relay node for further forwarding a message to the destination,
D presents the destination, A shows the Nearest with Forwarding Progress (NFP), B denotes the Most
Forwarding progress within Radius (MFR), C is the compass routing, and E presents Greedy. Any
two nodes x and y can directly communicate with each other if and only if they are in the
communication range of each other. In contrast with static networks; an increase in node density, and
the mean of link up and link down increases in mobile Ad Hoc networks because of the speed and
frequent topology change of the network. One of the most basic geographic routing strategies is the
MFP. The forwarding progress idea is the main key to MFP standards. In the destination direction, a
packet is forwarded to a neighbor with the longest likely hop. The hop count is concentrated in this
strategy due to the jumping of a packet through nodes to reach the destination. The performance
objective is the main tool on which the hop count depends [23]. If the neighboring node is the
projection on the line, the link must be linking the source and destination nodes.

Thus, the space between projection and source is called progress. MFP is a strategy including
minimum weight routing. In this routing protocol, fewer hop paths are chosen. The progress is
controlled from the current node to the destination in Most forward within the transmission range
strategy. Due to some drawbacks, this strategy is not vastly used in VANETs. The progress is
restricted to forward direction in MFP.

Due to this, the looping issue is not overcome, and the packet moves far from the destination [24].
The researchers proposed NFP method due to the abovementioned drawbacks and issues. This
strategy depends upon distance-based approaches. The next hop is selected by the source node based
on the shortest distance from the source. Thus, the message sent to the node is the bordering neighbor.
It is also called forward progress near the destination node. The main advantage of this strategy is
that it remains on the chosen path all the time and reduces energy and bandwidth. This routing
protocol strategy depends upon the stability factor. One more routing method is named Random
progress forward (RFP) in which the packets are forwarded to the destination with equal probability
with all the adjacent nodes [25]. The Greedy Forwarding Scheme (GFS) is a Cartesian routing policy
that depends upon geographic routing. It is also called cartesian routing. By using all nodes' location
information, the packets are forwarded to the destination node. The next neighbor for the hop is
selected on the basis that the node is near the destination and beyond it. GFS always chooses the
neighboring node that is closest to the destination.
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Fig. 3 - Greedy Methods Selection Flow Chart

Figure 3 presents the flowchart of the system. First, there is an exchange of position information
between nodes within the range which is updated every 10 seconds. Afterward, the strategy checks
whether the destination is in range. If yes, then the algorithm further checks if there are nodes
available for forwarding progress. If nodes for forwarding progress are not available, then it is
considered a Greedy failure and the algorithm starts again. Otherwise, the algorithm selects the
appropriate Greedy method and establishes the link between the source node and the destination
node. If, however, the destination is not in range, the algorithm establishes a communication link
between the source and the destination. Types of greedy methods available are the shortest distance
from the destination, NFP, most forwarding progress, and random forwarding progress.

5. Simulation Results

This section shows the computational simulations of success ratio & hop count against node density
and transmission. The simulations take place on the MATLAB program. The data sets are arranged
in two methods that are 1) Variable transmission range with constant node density and 2) Variable
node density with constant transmission range. Functions for strategies are as follows:

e Straight distance from an existing node

e Straight distance from the endpoint

e Random & most froward progress

The input of these functions is transmission range & node density while the output of these functions
IS success ratio & hop count. The values are used in plotting graphs and deposited in arrays. The
following observations are made from the graphs that are as follows.

e Increasing the transmission range reduces the hop count.
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e Increasing the transmission range increases the success ratio.
e Increasing node density does not affect much hop count and success ratio.

The graph between transmission range & average hop count may be seen in the image below. In this
example, assume that the node density is a constant value, with a constant value of 40 per 100 m2 of
a network. The chart shows that the transmission range ranges from 15 to 35 m during brief time
periods. The graphs demonstrate an increase in hop count in SDFCN with increasing transmission
range. In RFP, the hop count changes at 30 meters, leaps to a specific figure, and then stays the same.
Like this, the hop count in MFP continues to fluctuate. In SDFD, a decrease in hop count caused by
an increase in transmission range indicates that the hop count is steady.

HOP COUNT vs. TRANSMISSION RANGE Graph
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Fig. 4 - Transmission Range vs Average hop count graph assuming constant node density

The graph between the transmission range & success ratio may be seen in the image below. Think of
the node density in this scenario as a constant number, with a constant value of 40 per 100 m2 of a
network. The chart shows that the transmission range ranges from 20 to 45 m in brief time intervals.
The graphs demonstrate that the success ratio in SDFCN grows as the transmission range does. The
broadcast range expansion in RFP results in a lower success ratio impression. Similar to this, the
success ratio in MFP improves as the transmission range grows. Last but not least, an SDFD
transmission range expansion leads to a likely success ratio and stabilization.

SUCCESS RATIO vs. TRANSMISSION RANGE Graph
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—O— SDFD

Success Ratio

0S5k

. - . 1.5 20 2 35 40 45

30
Transmission Range

Fig. 5 - Transmission Range Relation vs Success Ratio graph constant node density
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The graph between node density and average hop count is displayed as follows. Within 100 m2 of
the network, consider transmission range as a constant value with a constant value of 25. The image
shows how the node density changes quickly, going from 20 to 65 nodes in a short amount of time.
The graphs demonstrate that while maintaining a constant node density, SDFCN exhibits
unpredictable and random behavior. At a particular point in RFP, the node density shifts and
fluctuates between high and low node density levels. In MFP, the node density and hop count both
stay constant. The node density and hop count lastly remain constant and exhibit more stability in
SDFD.

HOP COUNT vs. NODE DENSITY Graph

100 :
—O— SOFCN
0r —%—RFP |1
F—MFP
80+ —O— SDFD

Average Hop Count
3

B = % % @ 4 % % »
Node Density
Fig. 6 - Node Density vs Hop Count graph with constant transmission range

The graph between node density and success ratio is displayed as follows. Take the constant value
of 25 for the transmission range to be within 100 m2 of the network in this example. The image
shows how the node density changes quickly, going from 15 to 65 nodes in a short amount of time.
The graphs demonstrate that in SDFCN, the success ratio performs consistently and stays within
acceptable bounds.

SUCCESS RATIO vs. NODE DENSITY Graph

1.5

—— SDFCN
—%— RFP
— 23— MFP

—O— SDFD

Success Ratio

5 20 25 30 35 40 45 50 5 60 65
Node Density

Fig. 7 - Node Density Relation vs Success Ratio with constant transmission range
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For each node density value in RFP, the success ratio stays at a lower value. Similar to this, for
various node density numbers in MFP, the success ratio continues to be unpredictable. Last but not
least, in SDFD, the success ratio reaches a consistent rise at >40 and stays variable at 40.

5.1 Analysis

Based on techniques of geographic routing protocols the analysis is finished. Some greedy methods
are the basic tool to perform calculations based on geometry. In greedy forwarding strategies, a single
route is used to send message packets among the adjoining nodes. A single path to the destination is
used in most forwarding range strategies (MFRS) and greedy forwarding strategies (GFS). The
nearest forwarding progress (NFP) uses the same strategies and route. The shortest path from source
to destination is called the best path which is chosen by greedy methods. Assume the path from source
to destination is a direct path i.e., shortest path based on these results. The network nodes attain the
position information with complete data set. Due to transforming network circumstances and limited
resources, these assumptions failed in real-time implementations.

Thus, it's not required to route all packets through an optimal route. The optimal path-choosing
probability is reflected in the medium. In routing protocols, the next neighbor node decision is
founded on hop count. It is known as a good parameter in all routing protocols. The other advantages
of greedy strategies geometric based are that the design is simple, and it provides a low traffic
overhead. The message packet loss is due to the failure of a single node. Thus, robustness is
considered to be medium in greedy strategies. There is no memory parameter involved that is there
is no data or record of node values through which the packet passes. The delivery rate of the message
is low in small network areas and high in huge network areas. There is no guarantee that the message
packet reaches its destination in any network as there is a lot of packet loss caused. The hop count is
the key parameter for decision-making. The number of hops between any two connecting nodes is
directly proportional to the square root of the populace of nodes in the network, neglecting the speed
of the nodes.

The difference between NFP & MFR is that one works on progress-based standards and the other on
a distance-based standard. But both strategies choose the neighbor hop from the nearest node and do
not deliver loop freedom. In GFS regressive node is not selected, avoids the loop system, and uses
the positive progress technique. In GFS & MFR the transmission range is fixed in a network. The
advanced strategies used in geographic routing protocols are the non-geometric-based greedy
forwarding techniques. They use some other parameters also with the hop count as the deciding factor
to lessen the problems that were present in the latter routing protocol.

¢ ARP has got many standards of the GFS but has some advanced characteristics as well. It
includes the memorization data of previous neighbors and loop freedom is also applied in this
protocol. The header of a message packet contains memorization data. An angle-based
progress technique is introduced in this protocol which performs well in tiny networks also
due to avoiding local neighbors.

e MAGEF also has got many standards of the GFS except the deciding factor. It is an advanced
standard so the nodes have higher mobility in it. Only positive forwarding is used which
makes it loop-free as well. The traffic overhead is reduced. However, the next-hop neighbor
selection is quite similar to the GFS protocol.

e NADYV chooses neighboring nodes based on the best path between the advance and link costs.
Here also, only positive forwarding is used which makes it loop-free. According to
researchers, the hop count is reduced of a packet from the source node to the destination. It
also increases the delivery rate of packets.
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e GBR has got many standards of the GFS but has some advanced characteristics as well. The
route stability parameter is an increased decision factor in this. This can increase the delivery
rate. Also, a secondary recovery scheme is used in it that guarantees the message reaches its
destination. It is a free loop strategy because message packets are just forwarded in a positive
direction. The GBR performs well compared to GFS based on control overhead, packet
delivery rate, and route lifetime parameters.

6. Conclusion

The need for networks that function using wireless mobile systems is growing in the modern time.
Such networks are in need because they provide more beneficial advantages than a wired system.
Also, it can be applied to areas where no wired systems are used. That’s why the mobile nodes attain
the facility of availability at any time & anywhere. In everyday life, the best example is rescue
operations in which nodes are mobile and move randomly. This type of routing is not easy to handle.
So, the conclusion is that the protocol used must be reliable and the design must be efficient. Most
forwarding range strategies (MFRS) and greedy forwarding methods employ a single route to the
destination (GFS). The same methods and path are taken by the closest forwarding progress (NFP).
The optimum path, which is determined using greedy approaches, is the one that leads directly from
point A to point B. Based on these findings, presume that the route between source and destination
is a direct one, or the shortest one. The network nodes get positional data along with the whole data
collection. These presumptions were not verified in real-time implementations because of changing
network conditions and scarce resources. In this work, source-to-destination pairings are used in
VANETS with several hops per route and a greedy algorithm selection success ratio. The effects of
LLP on node density, hop count, and transmission range are examined in comparative research.
Transmission range and node density, two crucial network factors, have been used in Monte Carlo
simulations. This research will serve as a guide for choosing greedy actions to achieve the goals of
network applications.
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