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ABSTRACT: The Vehicle ad hoc Networks (VANET) are
attracting more and more manufacturers and research-
ers’ attention. Many challenges must be addressed be-
fore VANETs can be successfully deployed. The most
challenging issue in VANETs is designing of routing
mechanisms and efficient medium access control proto-
cols so that safety related and other application mes-
sages can be timely and reliably disseminated through
VANETs. The aim of VANET routing protocols is estab-
lishing of an efficient route between network nodes that
should adapt to the rapid changes in the network topol-
ogy. However, routing protocols in VANET is a challeng-
ing issue, mainly due to the rapidly changing topology of
vehicles and frequent fragmentation in the network. In
this work, we review the most frequent routing protocols
for VANETs and then we provide a taxonomy of these
protocols based on the used relay selection technique.
We compare and discuss these routing protocols accord-
ing to different criteria. Moreover, we discuss several is-
sues and prerequisite that should be considered when
designing VANETs routing. Finally, we highlight the most
important aspects and future directions that could be
explored in the design of a new Geocast routing solution
for vehicular routing algorithms as a contribution for fur-
ther work.
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1. Introduction

Wireless communication for Vehicular ad hoc networks
(VANETs) has drawn extensive attention for their promise
to contribute to a safer, more efficient, and more comfort-
able driving experience in the future. This type of commu-
nication consists of mobile nodes capable of communi-
cating with each other (i.e. Vehicle to Vehicle Communi-
cation, V2V communication) and with the static infrastruc-
ture (i.e. Vehicle to Infrastructure Communication, V2I com-
munication). VANETS are appropriate networks that can
be applied to intelligent transportation systems [1]. The
novelty of VANETs with respect to other ad hoc
networks has been highlighted, and specified VANET re-
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quirements are detailed in [2] and [3].

In VANETs, vehicles are equipped with on-board units
(OBUs) and fixed communication units (road-side units,
RSUs) and are placed along the road. Applying short range
wireless technology based on IEEE 802.11, multi-hop
communication facilitates information exchange among
network nodes that are not in direct communication range
[4]. However, as the network scale of VANETs is expected
to be very large, the open-medium nature of these net-
works and the high-speed mobility of a large number of
vehicles make necessary the establishment of an effi-
cient route between network nodes that should be adapted
to the rapidly changing topology of vehicles in the net-
work.

There are a plethora of VANET routing protocols. Most
are designed to handle a special prerequisite or condi-
tion. Despite the special condition that these routing pro-
tocols are addressing, there is no standard methodology
to validate their performance. Most of the designed rout-
ing algorithms are verified using simulation results, and a
few are analyzed using a mathematical model. To evalu-
ate performance analysis in VANET, the major challenge
is to provide a sufficient level of details to ensure realistic
traffic scenarios and driving behaviour.

In the following, we detail the different criteria that are
used to classify the different categories of routing proto-
cols in the field. We briefly describe each protocol, high-
lighting its assets and drawbacks, and then provide an
intuitive classification table that allows readers to easily
understand each protocol’s characteristics. Our objec-
tive is to help readers to better compare the different solu-
tions available in the literature, and find the one tailored to
their needs.

In this paper, we seek to provide a survey that might sum-
marize the existing VANETs routing algorithms having a
general knowledge related to vehicular communications.
Many other surveys have been mainly published for VANETs
routing in the literature [5, 6, 7, 8, 9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19, 20, 21, 22, 23] aiming to explore many
essential points in the field. However, most of these had
usually specified a limited class of VANETs issues such
as a subcategory of routing algorithms for a sub-area of
VANET applications [24, 25, 26, 27, 28, 29, 30, 31, 32].
Our survey aims to offer a large set of general surveys to
the novice researchers and some understanding on the
current research and the future directions that could be
explored in the design of vehicular routing algorithms. It is
therefore targeted to readers curious to discover this field
of research and to experts in this area.

The remainder of the paper is organized as follows. Sec-
tion 2 gives an overview of Vehicular ad hoc Networks.
Moreover, we introduce the VANET architecture and its
characteristics, we describe the different types of appli-
cations for VANETs, and a set of specifications for Wire-
less Access in Vehicular Environment and standards.

Next, we present the different classes and the most sig
5 points out some open issues and discusses challenges
in VANETs. Finally, we provide in Section 6 concluding
comments and we suggest promising new research di-
rections remaining in this field.

2. Overview of Vehicular Ad Hoc Networks

Vehicular ad hoc networks (VANETs) are a subset of mo-
bile ad hoc networks (MANETs). We sharing some of the
same limitations, such as lack of infrastructure and lim-
ited communications range. They have several dissimi-
larities that make VANETs a much different research area.
Therefore, research done on MANETs are not completely
applicable to VANETs. VANETs are hosted on vehicles
and fixed infrastructure points, so power and space for
radio, storage, and for processing units is not an issue,
and the number of vehicles and their speed make
scalability difficult [33].

VANET is based on a short-range wireless communica-
tion between vehicle to vehicle and some roadside infra-
structure. Moreover, a large number of Certification Au-
thorities (CAs) will exist, where each CA is responsible
for the identity management of all vehicles registered in
its region (e.g., national territory, district, country) [34].

In next subsection, we describe the most common enti-
ties that appear in VANETs.

2.1. Common VANET Entities
Two different environments are generally considered to
exist in VANETs (see Figure 1).

2.1.1 Infrastructure Environment
The entities of the network can be permanently intercon-
nected. This part of the network is mainly composed of
those entities that manage the traffic or offer an external
service. On one hand, manufacturers sometimes con-
sider within the VANET model and they identify uniquely
each vehicle. On the other hand, the legal authority is
commonly present in VANET models. Despite the differ-
ent regulations on each country, it is habitually related to
two main tasks: vehicle registration and offense report-
ing. Every vehicle in an administrative region should get
registered once manufactured. Trusted Third Parties (TTP)
are also present in this environment. They offer different
services like credential management. Both manufactur-
ers and the authority are related to TTPs because they
eventually need their services (e.g. for issuing electronic
credentials).

2.1.2. Ad-hoc Environment
Ad-hoc communications are established from vehicles.
Generally, they are equipped with three different devices.
Firstly, they are equipped with a communication unit
(OBU, On- Board Unit) that enables Vehicle-to-Vehicle
(V2V) and Vehicle-to-Infrastructure (V2I, I2V) communi-
cations. On the other hand, they have a set of sensors to
measure their own status and its environment. These sen-
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Figure 1. C2C-CC reference architecture [35]

sorial data can be shared with other vehicles to increase
their awareness and improve road safety. Finally, a Trusted
Platform Module (TPM) is often mounted on vehicles.
These devices are especially interesting for security pur-
poses, as they offer reliable storage and computation. In
this kind of communications, vehicles move at a relatively
high speed and, on the other hand, the high amount of
vehicles present in a road could lead to an enormous
network. Thus, a specific communication standard, called
Dedicated Short Range Communications (DSRC) has
been developed to deal with such requirements. This stan-
dard specifies that there will be some communications
devices located aside the roads, called Road-SideUnits
(RSU). In this way, RSUs become gateways between the
infrastructure and vehicles and vice versa.

2.2. Applications of VANETs
The main purpose of communication in vehicular networks,
either in vehicle-to-vehicle (V2V) or vehicle-to infrastruc-
ture (V2I), is to provide safety and/or non-safety services.
In safety applications, vehicles broadcast safety mes-
sages to other vehicles within a small range such as 300
meters [36]. Safety messages are given the highest prior-
ity in vehicular communication networks. However, even
with the consideration of priority, when a vehicle broad-
casts a safety message, a transmission collision may
occur due to a transmission of other safety messages
that needs to be sent with priority. Thus, an efficient me-
dium access methodology is needed to enhance the col-
lision avoidance process. Within this type of application,

messages interchanged over VANETs have different na-
tures and purposes. Considering this, different communi-
cation patterns can be identified:

2.2.1. V2V Beaconing
Beacon messages are sent periodically to nearby ve-
hicles. They contain the current speed, heading, braking
use, etc. of the sender vehicle. These messages are use-
ful to increase neighbour awareness. Beacons are only
sent to one-hop communicating vehicles, i.e. they are
not forwarded. In fact, they are helpful for routing proto-
cols, as they allow vehicles to discover the best neighbour
to route a message.

2.2.2. I2V/V2I Warning
These messages are sent either by the infrastructure
(through RSUs) or a vehicle when a potential danger is
detected. They are useful for enhancing road safety. As
an example, a warning could be sent by the infrastruc-
ture to vehicles approaching to an intersection when a
potential collision could happen.

Another application for vehicular networks is the multime-
dia services. For example, a vehicle might download video,
audio, or maps with certain quality-of-service (QoS) the
requirement from a roadside unit (RSU) or from another
vehicle in a cooperative mode. If these applications are
provided commercially, certain QoS should be guaranteed.
This makes designing an efficient medium access control
(MAC) protocol in vehicular networks essential.
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2.3. Standards
The IEEE 802.11P task group has defined a set of speci-
fications for Wireless Access in Vehicular Environment
(WAVE) to fulfill the requirements of such challenging
environment. The Federal Communication Commission
(FCC) allocated 75MHz of licensed spectrum for Dedi-
cated Short Range Communications (DSRC) at 5.9 GHz
band to be used exclusively for vehicle-to vehicle (V2V)
and vehicle to infrastructure (V2I) communications [37].
IEEE 802.11P operates in the frequency band of 5.85-
5.925 GHZ, within which the DSRC spectrum is struc-
tured into seven 10 MHz wide channels. The control chan-
nel (CCH) is exclusively reserved for safety-related com-
munications like beacons and event-driven messages
whereas up to six service channels (SCHs) are used for
non-safety data exchange. IEEE802.11P uses the same
medium access mechanism of IEEE 802.11e, named
Enhanced Distributed Channel Access (EDCA) [34] (see
Figure 2).

In IEEE 802.11P, the channel time is divided into syn-
chronization periods of 100 ms each, consisting of equal
length alternating CCH and SCH intervals. The coordina-
tion between channels is achieved through the use of the
Coordinated Universal Time (UTC) offered by a global navi-
gation satellite system. DSRC is known as IEEE 802.11p
WAVE (Wireless Access in Vehicular Environments),
Within IEEE 802.11. IEEE 802.11p WAVE is a part of a
group of standards related to all layers of protocols for
DSRC based operations. The standard is limited by the
scope of IEEE 802.11, which is strictly a MAC and PHY
level standard that is meant to work within a single logi-
cal channel [4] as shown in Figure 3.

2.3.1 IEEE 1609 Standards
The IEEE 1609 working group has developed and issued
a series of Trial-Use Standards for Wireless Access in
Vehicular Environments (WAVE). Vehicle-to-vehicle (V2V)

Figure 2. DSRC frequency allocation in Europe and North America [38]

and vehicle-to-infrastructure (V2I) communication are ac-
complished using Dedicated Short Range Communica-
tion (DSRC), which is covered in the IEEE Standard
P802.11p and the IEEE Standard 1609 series. This stan-
dard has four main parts, covering the application layer
[39], security services [40] and multichannel operation
[41], and network services [42].  IEEE 1609 uses IEEE
P802.11p and DSRC as the WAVE protocols. Two de-
vices are defined in the 1609 standard: a roadside unit
(RSU) and an on-board unit (OBU) [39].

2.3.2 Physical Layer Standard
IEEE 802.11p [43] is a draft IEEE standard for vehicular
communication as an amendment to the standard IEEE
802.11 [44]. The standard 802.11p is specifically for wire-
less access in vehicular environments, it covers many
aspects of the physical and MAC layer protocols for this
case. Two different classes of channels are described for
use in DSRC/WAVE. The first channel class is the con-
trol channel, referred to as CCH, which is a single chan-
nel reserved for short, high-priority application and sys-
tem control messages [41].

2.3.3 Network Layer Standards
WAVE supports two different network-layer protocols, IPv6
and the WAVE short message protocol (WSMP). IPv6
traffic is not allowed on the CCH, but WSMP traffic is
allowed on both the CCH and the SCHs. The WSMP does
not use a MAC address or IP address to identify the source
or destination. Instead, WSMP uses an Application Class
IDentifier (ACID) and an Application Context Mark (ACM)
to identify the application class and the instance of the
application class, respectively [40]. A WAVE Short Mes-
sage (WSM) is the format used for sending messages
using the WSMP. WSMP also serves as the transport
layer protocol, replacing TCP and UDP for these mes-
sages. WSMs may be sent on either the CCH or the
SCHs.
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Figure 3. DSRC standards and communication stack [4]

2.3.4 Medium Access Control (MAC) Layer Standard
Packet collisions and poor radio reception are the pri-
mary causes for nodes not receiving data sent over a wire-
less medium. DSRC uses carrier sense multiple access/
collision avoidance (CSMA/CA) to reduce the number of
collisions and to allow fair access to the medium. Each
node, using CSMA/CA, must first sense the medium to
determine if the medium is idle or busy. When the me-
dium is idle, nodes wait for a fixed arbitration inter-frame
space- time plus a random time between zero and the
minimum contention window value before sending data.
Transmission prioritization in DSRC is scheduled using
Enhanced Distributed Channel Access (EDCA) based on
the IEEE Standard 802.11e [44].

3. Routing in Vanets

Vehicular networks differ from conventional ad hoc wire-
less networks by not only experiencing rapid changes in
wireless link connections, but also having to deal with
different types of network densities [9, 45]. Moreover,
VANETs are expected to handle a wide range of applica-
tions ranging from safety to leisure. Consequently, rout-
ing algorithms should be efficient and should adapt to
vehicular network characteristics and applications, per-
mitting different transmission priorities according to the
application type (safety related or not). Different routing
protocols approaches for VANETs are proposed to fit dif-
ferent applications. In this section, we illustrated the dif-
ferent available approaches for the development of rout-
ing strategies. In Figure 4, we present our classification
of VANETs routing. As shown in the figure (see Fig. 4),
the routing protocols fall within two categories of topol-
ogy-based and location-based routing. Moreover, we sum-
marize the characteristics of representative routing pro-
tocols that have either been used or designed specifi-
cally for VANETs.

3.1. Topology-based Routing Protocols
Topology-based routing uses the links information in the
network to perform packet forwarding. In the literature,

various classifications of routing protocols, according to
different aspects, exist. We take back the traditional one,
which considers the network structure, where protocols
are categorized under three main classes, namely pro-
active routing protocols, reactive routing protocols and
hybrid routing protocols. These routing protocols suffer
from routing route breaks because of the regular changes
of the links information in the network.

We present in this section some topology-based routing
protocols.

3.1.1 Proactive Routing Protocols
This kind of routing is also called as table-driven routing.
Within this approach, each node maintains  one or many
tables that contain routing information to every node in
the network. The main advantage of the approach is that
there is no route discovery since all the possible paths
connecting each node in the network to any other ones
are maintained in the background. In this routing approach,
and in order to react to changes in the network topology
and keep up-to-date routing information, each node of the
network propagates routing updates periodically to their
neighbors. Several protocols have been proposed, in the
following, we present the most popular ones.

OLSR (Optimized Link State Routing) [46] is one of the
most important ad hoc proactive routing protocols; it is
an update of a pure link state routing protocol. The rout-
ing is applied to vehicle networks in the city environment.
OLSR introduces the concept of Multi-Point Relay
(MPRs). The use of MPRs minimizes flooding of control
traffic. Indeed only multipoint relays forward the control
messages. This technique significantly reduces the num-
ber of retransmissions of broadcast control messages
[47].

DSDV (Destination Sequenced Distance Vector) [48], the
routing belongs to a family of unicast topology based and
table-driven routing algorithms. In DSDV, each node seeks
to maintain a routing table to reach any other node in the
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destination. To maintain the consistency of the routing
table in a topology which quickly changes, every node of
the network transmits periodically its routing table to their
direct neighbors. The node can also transmit its routing
table if the contents of the latter undergo significant
changes with regard to the last sent contents. The DSDV
protocol aims to limit the traffic caused by all these up-
dates.

FSR (Fisheye State Routing) [49] is an efficient unicast
link-state routing. It maintains a topology map at each
node and propagates link-state updates with only the
immediate neighbors. Furthermore, the link-state infor-
mation is broadcast in different frequencies for different
entries depending on their hop distance to the current
node. Entries that are further away are broadcast with a
lower frequency than ones that are closer. The reduction
in broadcast overhead is traded for the imprecision in rout-
ing. However, the imprecision gets corrected as packets
approach progressively closer to the destination.

3.1.2 Reactive Routing Protocols
Reactive routing is an on-demand routing in which routes
are not updated with changing topology of the network.
The route discovery is initiated only when a source node
wants to communicate or send data to another node in
the destination. Reactive routings aim to reduce the bur-
den on the network since only the routes currently in use
need to be maintained. The drawback of this kind of algo-
rithms is their latency because of the additional time
needed in establishing a route.

We present below the most popular reactive routing pro-
tocols in ad hoc networks.

AODV (Ad Hoc On-Demand Distance Vector) [50] is a
source initiated on-demand routing protocol designed for
general purpose mobile ad hoc networks and do not main-
tain routes unless it is needed. The routes created by
AODV can break very frequently due to the dynamic na-
ture of the mobility involved. In AODV protocol, route re-
ply packets carry the destination address. Each node
broadcasts only the first route request message it re-
ceives. In scenarios with a small number of network flows,
AODV can reduce the overhead. Authors of [51] have
shown that AODV is unable to quickly find, maintain, and
update long routes in a VANET.

DSR (Dynamic Source Routing) [52] is a unicast on-de-
mand routing algorithm. Also, it is a source routing in
which the routes are created only when they are required.
In the routing, route reply packets carry the address of
each node along the route. With DSR, an alternative route
can be used when some link in the current route breaks.
In a network with low mobility, this is advantageous over
AODV since the alternative route can be tried before DSR
initiates another flood for route discovery. Unlike to AODV,
in DSR route reply packets carry the full routing informa-
tion. Many works have been done to evaluate the perfor-
mance of ad hoc routing protocols in the context of VANETs

Figure 4. Classification of routing protocols in VANETs

[53, 33, 51] within different traffic conditions. From their
simulation, it is shown that AODV and DSR suffer from
highly dynamic mobility of the nodes in the network since
they tend to have poor route convergence and low com-
munication throughput.

TORA (Temporally Ordered Routing Algorithm) [54] is a
unicast routing algorithm. The protocol aims to provide a
route to all the nodes in the network and that it has re-
duced far-reaching control messages to a set of neigh-
boring nodes. However, the maintenance of these routes
can be overwhelmingly heavy in the context of VANETs.
The authors of [19 27] have evaluated AODV, DSR, FSR,
and TORA in city traffic scenarios. The simulation results
showed that AODV has better performance and lowest
control overhead. However, since source routes change

VANET Routing Protocols

Topology-based

Proactive

Location-based

Hierarchical Routing

OLSR

DSDV
FSR

HSR
CBRP
CBDRP

Reactive Geographic Routing

AODV

ZRP

IVG

DSR

TORA

Hybrid

HARP

Unicast

GPSR

GPCR
GSR

A-STAR
GyTAR

Broadcast

UMB
BSMP

Geocast

ROVER
Geoache



                   Journal of Digital Information Management   Volume 17    Number   4     August   2019                    233

frequently due to high nature mobility nodes in the net-
work DSR suffers from a very high delay and a yet higher
route overhead than AODV compared to FSR. Thus the
performance of the evaluated routing protocols degrades
as densities of the network increase, resulting in a
scalability problem especially highly dynamic ad hoc net-
work such as VANETs.

3.1.3 Hybrid Routing Protocols
This type of routing protocol switches from proactive mode
to reactive mode. We describe in the section the most
common routing protocol of the approach.

ZRP (Zone-Based Hierarchical Link State Routing Proto-
col) [55] is a unicast hybrid routing protocol. ZRP defines
around every node a zone which contains the nearby
nodes. Proactive and reactive algorithms are used by the
node to forward packets, respectively, in and except the
zone. It is essentially a zone-based routing. Within the
intra-zone a proactive routing is performed using a link-
state algorithm. However, a reactive routing is to be per-
formed with nodes interzone. In ZRP every node manages
its zone. For routes inside of the zone the route is discov-
ering reactively, for routes outside of the zone node trans-
mit a route request to the others zones. This routing aims
to combine the advantages of both approaches. However,
ZRP is not efficient enough in case of urban environment
and high mobility of nodes such as VANET.

HARP (Hybrid Ad hoc Routing Protocol) [56] is a unicast
hybrid routing protocol. The HARP protocol aims to ame-
liorate the delay by implementing route discovery between
the source node and the destination one. This protocol
selects the best route according to constancy proprieties
[57]. Depending on the position of the destination node,
HARP performs the routing on two phasis: intra-zone and
inter-zone. HARP uses reactive and proactive algorithms
in interzone and intrazone. To simplify the routing algo-
rithm and makes the design modular, HARP tries to search
and maintain a route between the source node and the
destination node and leaves the generation of the topol-
ogy to DDR (Distributed Dynamic Routing) [57, 58]. Con-
trary to ZRP, the flooding within the HARP protocol is lim-
ited to the subset of transfer nodes in each zone to re-
duce the bandwidth usage and the energy consumption
of non-forwarding nodes. In addition, early path mainte-
nance is applied in the HARP protocol which is more suit-
able for priority classes.

3.2. Location-based Routing Protocols
To overcome the limitation of the topology-based routing,
a new kind of routing strategy, based on location informa-
tion, has been developed. Location-based routing proto-
cols use information about the geographic coordinates or
relative positions of nodes to generate an efficient route
through the network. In such a strategy of routing, each
node decides where to forward each received packet. In
this way, creating and maintaining the global route from a
source node to a destination node is not necessary. The
work of[8] has shown that routing algorithms using

location information can adapt to the high mobility of nodes
in high way situations. This location-based routing ap-
proach adapts well to the dynamic nature of large scale
adhoc networks such as VANETs. We classify the rout-
ing protocols of this category into two main categories:
Hierarchical routing protocols and geographic routing pro-
tocols.

3.2.1 Hierarchical Routing Protocols
This kind of routing protocol is also called a cluster-based
routing. It aims to create a virtual network by structuring
the network hierarchically in order to provide scalability.
Each cluster has a manager node called cluster head
(CH) responsible for the coordination between its mem-
bers and the other clusters of the network.

In the following, we present two of the most important
protocols of the approach.

HSR (Hierarchical State Routing) [59] is one of the most
significant proactive hierarchical routing protocols. HSR
defines several levels of hierarchy in nodes. The network
is partitioned on many groups which are divided into sub-
groups and so on. A representative for every group is
elected. The representatives of the groups in a level “i”
become members of the level “i+1”. The nodes of the same
group exchange routing information. The groups of the
same level communicate by using a gateway. Every node
has a hierarchical address dialed the numbers of the
groups on the way from the root to the node in the desti-
nation and this hierarchical address is enough for dis-
seminating the data packets in a destination, indepen-
dently of the location of the source, simply by using the
table of the  protocol HSR.

CBRP (Cluster Based Routing Protocol) [60] is a unicast
Hierarchical Routing Protocol. In CBRP the network is
partitioned to clusters. The reactive aspect of the proto-
col appears when a node wants to transmit data packets
to another node in the destination. In this routing, the
cluster training is very simple. Indeed, the node with the
smallest identifier is elected as leader of the cluster. Nev-
ertheless, to avoid frequent changes in the structures of
clusters, a member node is not authorized to challenge
the leader even if its identifier is smaller. Two leaders of
clusters should not have a direct link between them. If,
afterward of a change of topology occurs, then, it is nec-
essary to reconstruct clusters and that possessing the
lowest identifier is elected as leader. Nodes being at the
extremities of clusters are called getways which allow to
relieving the information between clusters.

CBDRP (cluster-based directional routing protocol) [61]
is a multicast Clustering Routing Protocol mainly proposed
for VANET. The CBDRP protocol is suitable for high-speed
vehicles moving at highways where minimum latency is
needed. Within CBDRP, the source sends the data to its
cluster-head to establish a communication link. To for-
ward packets, the current cluster-head selects another
cluster head according to the moving direction of
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vehicle. If the cluster-head cannot be reached, the ve-
hicle is obliged to broadcast the packet with a traditional
approach. As soon as the packet arrives at the cluster
head of the cluster in which the destination node lies,
this latter transmits the packet to the destination node.
The authors of [61] have shown that CBDRP has high
packet delivery ratio,  high link stability, and low latency.
The principal advantage of CBDRP protocol is the reduced
traffic overhead due to the direct transmission of the re-
quested packet to cluster heads. However, the cluster
performance is highly influenced by the dynamic change
of the cluster head. Moreover, the delay rises when the
number of clusters increases.

3.2.2 Geographic Routing Protocols
Geographic routing allows for communication and dissemi-
nation of messages to all nodes in a geographic area. It
uses neighboring position information to perform packet
forwarding. Geographic routing assumes each node knows
its location, and the sending node knows the receiving
node’s location by the increasing popularity of Global
Position System (GPS) unit from an onboard Navigation
System and the recent research on location services.
Since geographic routing protocols do not exchange link-
state information and do not maintain established routes
like proactive and reactive topology-based routings do,
they are more robust and promising to the highly dynamic
environments like VANETs. The routes are determined
based on the geographic location of neighboring nodes
as the packet is forwarded. Geographic routing is sub-
classified into three categories of the unicast routing pro-
tocols, broadcast routing protocols and geocast routing
protocols. We describe these three subcategories in the
following sub-sections.

Unicast Routing Protocols: The routing protocols of this
category aims to reduce the overhead by transporting a
single data packet to the destination node without any
duplication. Unicast routing allows for one node to send
messages to a target node in a precise known location or
an approximate location within a specified range in the
network.

Broadcast Routing Protocols: Broadcast is a routing
mechanism that is used to find an efficient route to the
node destination during the routing discovery phase of
unicast routing protocols. Broadcast protocols are de-
signed to communicate important safety messages to all
nodes in the network.

Geocast Routing Protocols
Rely on location-based multicast routing. The main idea
of such routing is to deliver the data packet from a source
node to all other nodes within a specified geographical
region called ZOR (Zone of Relevance). Geocast routing
can be implemented with a multicast service by simply
defining the multicast group to be a certain geographic
region. It aims to limit the message overhead and net-
work congestion by using directed flooding and restrict-
ing the flooding inside a defined forwarding zone.

Recently, many routing protocols specific to VANETs have
been proposed. This section describes the most com-
mon geographic routing protocols proposed in the litera-
ture.

GPSR (Greedy Perimeter Stateless Routing) [62], rout-
ing belongs to a family of Non-DTN routing algorithms
(non-Delay Tolerant Network). It is a unicast routing pro-
tocol that utilizes a position-based and a greedy forward-
ing strategy for sending messages toward a known desti-
nation to provide vehicle-to vehicle communication. In
GPSR, each node forwards its packet to its immediate
neighbor that is geographically closest to the destination
node. The forwarding strategy can fail if there are no nodes
in the direction of the destination. When this routing error
occurs, GPSR uses a recovery strategy called perimeter
mode to cope with the problem and to get out of the local
minimum. GPSR works best in a free open space sce-
nario. The work of [63] has shown that GPSR achieves
better results in a highway scenario compared to DSR.
The protocol suffers from several problems when applied
it to city scenarios for VANETs as it is shown by the
authors in [14, 33, 63].

GPCR (Greedy Perimeter Coordinator Routing) [64] is an
hybrid routing of non-DTN and DTN approach that includes
the greedy mode and the perimeter one. GPCR has been
designed to deal with the challenges of city scenarios. It
does not rely on a street map to determine whether a
node is located at a junction, the only places where ac-
tual routing decisions are taken. Therefore data packets
should be forwarded to nodes at an intersection (called
Coordinator) in the street rather than forwarding them
across the junction to a node that is already past the
intersection. GPCR forwards messages using a restricted
greedy forwarding algorithm. When the greedy strategy
reaches a local optimum, GPCR uses a restricted greedy
forwarding algorithm and a repair strategy for routing as
long as the nodes are in a street towards a destination
since no neighbor exists which is closer to the destina-
tion than the intermediate node itself. The authors of the
paper have shown that GPCR has a higher delivery rate
than GPSR with a larger average number of hops and
slight increase in latency.

GSR (Geographic Source Routing) [65] is a promising
geographic VANET unicast routing that tries to overcome
some of the disadvantages of the geographic routing de-
signed for MANETs when applied to VANETs in city envi-
ronments. It combines position-based routing with topo-
logical knowledge. GSR uses a static street map in city
environments to avoid these problems. Using a static
street map and location information about each node, GSR
computes a route to a destination by forwarding mes-
sages along streets. It uses a Reactive Location Service
(RLS) to obtain the destination position. Using this infor-
mation, the sender determines the junctions that have to
be traversed by the packet using the Dijkstra’s shortest
path algorithm. Forwarding between junctions is then done
in a position-based fashion. The simulation results dem-
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onstrate that GSR has better average delivery rate, smaller
total bandwidth consumption and similar latency of first
delivered packet with DSR and AODV.

A-STAR (Anchor-based Street and Traffic-Aware Routing)
[66] is a greedy location-based unicast routing protocol
designed for IVC in such city environments. It uses static
vehicular traffic information based on city bus routes as a
strategy to find routes with a high probability for delivery
to find a path from source to destination. In A-STAR, the
message forwarding is done without considering vehicle
direction. The protocol is compared to GSR and GPSR.
The packet delivery ratio of A-STAR is lower than GSR
and GPSR with or without recovery. Similar to GSR, A-
STAR uses a static street map to route data packets
around potential radio obstacles. However, A-STAR dif-
fers from GSR by computing the sequence of junctions
paths (anchors) through which data packets must pass
to reach its destination with traffic awareness. Unlike to
GSR and GPSR, A-STAR incorporates traffic awareness
by using statistically rated maps or dynamically rated
maps to establish an anchor path with high connectivity
for data packet delivery. With traffic awareness, A-STAR
shows the best performance compared to GSR and GPSR,
because it can select paths with higher connectivity for
packet delivery. Thus, the ratio of data packets delivered
by ASTAR is better compared to GSR. In addition, A-STAR
utilizes a new local recovery strategy for the data packets
routed to a local minimum that is more suitable for a city
environment than the greedy algorithm of GSR and the
perimeter-mode of GPSR.

GyTAR (improved greedy routing protocol) [67] is an in-
tersection-based geographic routing protocol capable to
find robust routes within city environments. It relays data
in the network considering the real-time road traffic varia-
tion and urban environment characteristics taking into
account information about vehicles speeds and directions.
GyTAR aims to efficiently use the wireless bandwidth by
limiting the control message overhead, and to route data
packets from source nodes to destination ones with a
reduced end-to-end delay and low packet loss. In the
paper, a comparison has been performed between GSR
and GyTAR. The simulation shows that GyTAR has a better
packet delivery ratio than GSR.

UMB (Urban Multi-hop Broadcast Protocol) [68] is a Broad-
cast location-based routing protocol adapted to the con-
text of the IVC. UMB has been proposed in the purpose
to avoid certain problems such as the reduction of the
collisions of packets, the interferences and the problem
of the hidden station during the dissemination of mes-
sages in multi-hops. UMB is composed of two phases:
the first one called directional broadcasting where the
source selects a node in the direction of distribution to
relaying the data without any information about the topol-
ogy, and the second distribution (broadcasting) in the in-
tersections, to disseminate the packets in all the direc-
tions. The principal advantage of UMB is the multi-hop
broadcast reliability in urban canals [69, 70]. However, a

fixed receiver installation is required for each intersec-
tion. In case of an extended network, the installation
needed cost high in term of materials and time.

PBSM (Parameterless Broadcast in Static to Highly Mo
bile) [71] is a broadcast routing protocol that uses Con-
nected Dominating Sets (CDS) and neighbour elimination
mechanism to eliminate redundant broadcast. This pro-
tocol uses two-hop neighbour’s information obtained by
the exchange of the periodic beacons to construct CDS.
PBSM does not require nodes to know about the location
and movement of their neighbours and itself. Within the
PBSM protocol, each vehicle V maintains two routing
tables: neighbours table called R contains all the
neighbours that have already received the broadcast
packet and NR the others. Each vehicle V broadcasts
the packet if the table NR is not empty, after the timer
expiration. In the aim to minimize the control packet over-
head in data forwarding, another mechanism called
CKPBSM [72] was proposed to deliver the packet to the
network. Unless, the store and the forward technique used
both by PBSM and CKPBSM cost high in term of delay.
Therefore, it is unsuitable for safety application in vehicle
networks [25].

ROVER (Reliable Geographical Multicast Routing in Ve-
hicular Ad Hoc Networks) [73] is a Geocast routing proto-
col for VANET. ROVER has some predefined geographi
cal regions called Zone of Relevance (ZOR) that is usu-
ally specified as a rectangular on the digital map of ve-
hicles. This routing has some similarities with the routing
technique used in AODV that consists of distributing only
the control messages while the data packets are always
unicasted. Nodes broadcast packets to a specific ZOR
where packets are being broadcasted to all nodes within
the ZOR. When a node wants to forward a packet makes
a Zone of Forward (ZOF) and sends the packet. The pur-
pose of ROVER is to deliver the geocast message gener-
ated by an application of the source node towards all the
vehicles situated in specific ZOR and defined the mes-
sage as a triple (Application, message, ZOR). This rout-
ing suffers from a high control packet overhead [74].

IVG (Inter Vehicular Geocast) [75] is a geocast routing
protocol. The aim of IVG is to broadcast an alarm mes-
sage to all the vehicles being in risk area based on the
defer time algorithm in a high way. The vehicles that are
at the extremities of the transmission range send the
message and so on. This region is defined according to
the precise location of the obstacle on the road and all
the directions that can be affected. This routing is de-
signed to solve the problems such as the determination
of the direction, the location in the space and the dis-
semination of the information, which are owed to the high
mobility of nodes. The purpose of this protocol is to avoid
the collisions of packets and to reduce the number of re-
broadcast thus the loss of information as well as the over-
load of the network. The protocol IVG is based on the
calculation of “defer Time back off”, an interval of the dif-
ference of  reception time of an answer, which is calcu-
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lated according to the distance between nodes in par-
ticular transmission range of the antenna with the aim of
minimizing the number of the broadcasted messages.
The principal advantages of IVG protocol that reduces
the number of hops for a message dissemination using
multicast group, reduce the network fragmentations us-
ing periodic broadcasts and calculating the time of re-
broadcasting according to the speed of vehicles to ame-
liorate protocol efficiency. However, in IVG protocol ve-
hicles belonging to the risk area are informed by a peri-
odic transmission of beacons, which increase the trans-
mission overhead. In addition, the number of multicast
groups increases within congested traffic, which results
in more transmission delay [76].

Geocache (Sharing and Exchanging Road Traffic Infor-
mation using Peer-to-Peer Vehicular Communication) [77]
is a geocast routing protocol. The aim of Geocache pro-
tocol is the sharing and the exchange of road traffic infor-
mation between vehicles to enable them to detect and to
avoid road congestion. The authors of the paper have de-
signed this protocol to allow vehicles to cooperatively
collect and disseminate data in an efficient way. The pro-
tocol uses a very effective caching mechanism to reduce
the amount of information exchanged in the network be-
tween vehicles. Among the advantages of the Geocache
protocol is the reduction of the information circulated in
the network due to the caching mechanism used. The
drawback of routing protocol appears when the conges-
tion factor increases which leads to a long delay of re-
sponse time.

4. Discussion and Comparison

This section provides a comparison between the reviewed
routing strategies from different perspectives. Table 1 sum-
marizes the characteristics of representative routing pro-
tocols that have either been used or designed specifi-
cally for VANETs.

In this table, we present the different categories of routing
protocols in VANET networks reviewed in the last sec-
tion. Moreover, we provide a comparison of these  routing
protocols on the basis of the following parameters: Rout-
ing maintenance, routing type, transmission strategy, for-
warding strategy and simulation scenario. Among this sce-
nario, the proactive routing protocol works best in high-
way scenario and reactive in an urban scenario.

Routing type: Based on the links information used to
achieve packet forwarding, the routing protocols fall within
two categories of topology-based and location-based rout-
ing (geographic or hierarchical).
.
Transmission strategy: Consists of the mechanism used
by the routing to deliver the data packet from a source
node to the destination one. It can be either unicast,
multicast or broadcast.

Forwarding strategy: Approach allowing messages to

reach the destination area. Greedy forwarding, multi Hop
or store and forward are the main used approaches.

Routing Maintenance: Describes the way the route to
the destination area is found. The routing protocol can be
classified into two major categories as reactive and pro-
active, depending on the route discovery time.

Most of the proposed routing protocols try to find an opti-
mal solution for forwarding data using different techniques
of routing with the aim to ensure high throughput, an ac-
ceptable level of packet loss and keeping the network
overhead under controllable levels [22, 78].

The routing of the Topology-based approach utilizes the
link information about the network nodes to forward the
data packets. The approach suffers from routing route
breaks because of the regular basis changes in the infor-
mation about links. Despite its good property of providing
low latency for real-time applications, the maintenance of
unused paths occupies a significant part of the bandwidth
in a highly mobile network. Since they provide a very low
communication throughput, the proactive algorithms are
not suitable in VANETs. Unlike to proactive routing proto-
cols, in an on-demand routing protocol, the routing traffic
floods the network only when a route is required. Thus,
the nodes in the network exchange no regular routing up-
dates. However, the delay generated by the route discov-
ery process in finding a route is an issue for vehicular
communication especially real-time applications.

In addition, the scalability issue is another concern of the
approach since the reactive routing protocols are still con-
sidered in small-scale networks with a path of a few hops.
AODV and DSR are designed for general purpose mobile
ad hoc networks and do not maintain routes unless they
are needed. Hence, they can reduce overhead, especially
in scenarios with a small number of network flows. Thus,
certain modification of the ad hoc routing protocols that
have been developed to deal with highly dynamic mobility
of nodes in the context of VANETs or new routing proto-
cols needed to be developed since many of them do not
apply well to VANETs. The advantages’ reactive proto-
cols are that they offer greater adaptability to the topo-
logical changes of highly mobile ad hoc network such as
VANET. However, these types use a flooding method for
route discovery that initiates more overhead and suffers
from the initial route discovery method. Thus, they be-
come inadequate for security applications.

The hybrid routing protocols are designed to reduce the
control overhead of proactive routing protocols and de-
crease the initial route discovery delay in reactive routing
protocols. The routing has the advantages of distance
vector and link-state routing protocols and merges them
into a new protocol. However, disadvantages of the hybrid
routing are flooding useless and rising overhead costs.
These routing protocols are mainly introduced for networks
where the nodes are not highly mobile.
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Table 1. Summary of VANET routing protocols
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city environment is characterized by a large number of
road options, constrained vehicular speed, vehicle den-
sity and the varying speed of vehicles as well as obstacles
including tall buildings on roadsides and the number of
traffic lights. Likewise, the highway environment is char-
acterized by sparse network, very high vehicular speed,
road with a number of lanes and one-way traffic [79, 80].

The geocast routing aims to guarantee the sending of
prised data consistently and timely with the lowest cost.
It is essential to improve the value of stability and taking
into consideration the change in the topology and node
mobility during the interval of time to avoid the interfer-
ence of packets. While vehicles are moving at high speed,
the topology is constantly changing. The highly dynamic
topology leads to intermittent connectivity since the link
between two vehicles can speedily disappear while nodes
are transferring data. The delinquent is further aggravated
by node density where frequently travelled roads have more
cars than non-frequently moved roads. Furthermore, non-
rush hours effects in disparate node density, hence
disconnectivity [81]. A robust routing protocol needs to
recognize frequent disconnectivity and provides an alter-
native link quickly to ensure uninterrupted communica-
tion. A vigorous routing algorithm requests to diagnose
the frequent disconnectivity and offers a substitute link
quickly to guarantee uninterrupted communication.

In summary, we conclude that the geocast routing is more
promising in the context of vehicular communication than
any other routing strategy reviewed in the paper, due to
the constraints on mobility, the vehicular density, and high
speeds of the nodes in the network. However, the perfor-
mance evaluation of a routing protocol in VANETs depends
heavily on the mobility model and the propagation model.

5. Issues and Challenges

There are several issues and prerequisite that should be
considered when designing VANETs routing. This diver-
sity leads to a number of challenges [82, 83] that need to
be resolved in order to deploy vehicular networks. This
section addresses the main research challenges to be
considered for routing algorithms on VANETs. These in-
clude high speed and frequent topology changes, hidden
and exposed node problems, security and trust, quality
of service and simulation issues [84]. Scalability and
interoperability are two important issues that should be
satisfied, and the employed algorithms should be scal-
able to numerous vehicles and interoperable with different
wireless technologies. The following subsections discuss
a number of these challenges.

5.1. High Speed and Frequent Topology Changes
In vehicular networks, the vehicles move very fast on road.
This causes frequent changes in the topology of the net-
work. However, due to road geometry, the directions of
the vehicles can be predicted to a certain extent. This
issue should be handled carefully by the MAC protocol
[85]. For example, two nodes can communicate if they

It has been shown that routing approaches using posi-
tion information can adapt to the high mobility of nodes
found in highway situations [8]. Some of the studies have
compared the performance of topology-based routing
such as AODV and DSR against geographic routing strat-
egies in urban as well as highway traffic scenarios [52,
54]. Therefore, geographic routing has been identified as
a well promising routing in context of the VANETs. With
the cluster-based techniques, the role of scalability for
large networks such as VANETs can be provided. How-
ever, because of the geographical constraints of VANETs
and the highly dynamic mobility of nodes in the network,
the cluster-based routing strategies may involve during
the process of cluster formation and the maintenance
one a significant delay and communications overhead.

Location-based routing uses geographical location infor-
mation to generate an efficient route through the network.
Geocast routing is proposed to avoid packet collisions
and reduce the number of rebroadcasts. Routing strate-
gies that use geographical location information obtained
from street maps, traffic models or even more prevalent
navigational systems on-board the vehicles make sense.
The most of unicast greedy routing protocols use a posi-
tion-based to provide vehicle-to-vehicle communication.
In the greedy forwarding strategy, direct communications
between nodes may not exist because of obstacles such
as buildings and trees. Thus, the strategy is generally
restricted in city scenarios. Consequently, the routing
faces great challenges in a built-up city environment.
Some studies utilize the digital map [64, 66] to deal with
these challenges. The greedy forwarding as a data deliv-
ering technique is employed the most of the
proposed routing protocols for VANETs. The technique
aims to reduce the number of hops and reduce the delay
of data delivery. The greedy forwarding as a data deliver-
ing technique is employed by most of the proposed rout-
ing protocols for VANETs. The technique aims to reduce
the number of hops and reduce the delay of the data
delivery. The unicast is a useful mode of communication
in VANETs. However many applications will require dis-
semination of messages to many different nodes in the
network. Over the routing strategy reviewed, the geocast
routing was improved by many researchers to become
one of the preferred solutions ones. Reactive-based rout-
ing protocols are considered as the most used method
in VANETs. Routing using this method is adequate to
scenarios in highly dynamic networks where vehicles are
frequently leaving or joining the network.

The intents of VANET are to reach an efficient routing
protocol that gratifies the following measures: reduce the
end-to-end delay, decrease the consumption of bandwidth
and avoid collisions in the circumstances of the high
mobility of nodes and changes topologies. Routing in
VANET has problems of instability of the roads caused
by the high mobility of nodes and communication prob-
lem in environments where there are obstacles, is the
case in an urban environment. In general, the routing is
categorized in city and highway routing categories. The
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are in the transmission range of each other. If one node
moves very fast, it will be out of the other nodes’ range
before completing the transmission. Due to high node
density and high speed, the system performance can
degrade dramatically. Another example is when vehicles
move with speed of 120km or even 150km per hour, the
probability of having frequent link disconnections in-
creases. Therefore, the MAC protocol should address
mobility issues and estimate accurately the condition of
the highly dynamic channel [86].

5.2. Hidden and Exposed Node Problems
In ad hoc routing algorithms, the hidden node problem is
conceded as a traditional one. The problem of the hidden
node occurs when a node is visible from an access point
(AP), but not from other nodes communicating with that
AP. This leads to difficulties in medium access control
(MAC) sublayer. In VANETs, due to the high-speed mobil-
ity in the network, the hidden node problem is expected
to happen more frequently [87]. These problems are known
to degrade the throughput of wireless networks due to
collisions, and results in poor performance by wasting
valuable transmission. Extensive research has been con-
ducted to solve these problems, such as Carrier Sense
Multiple Access with Collision Avoidance (CSMA/CA) [88].

5.3. Scalability
Vehicular networks can be considered a typical example
where scalability is required. In a communication system
that has very high mobility such as in VANETs, changes
of network size should be handled carefully. It is normal
to have a situation where vehicle density is near the aver-
age. However, the vehicle density can suddenly grow sig-
nificantly and becomes very large in a road segment.
Operability in both sparse and high node density situa-
tions is very important for routing protocols. An effective
routing algorithm should be adaptive to various network
information load and vehicle density [89]. In this context,
scalability can be defined as the ability to accept an in-
crease in the number of nodes in the network without suf-
fering a noticeable decrement in performance or a com-
plexity increment [90]. Several studies on performance
evaluations show that some protocols do not work prop-
erly in a high node density especially in a highly dense
network topology [91, 92]. In such cases, the network
may not provide the desired performance unless the rout-
ing protocol is designed to address this issue.

5.4. Security and trust
The security of communication in VANETS is a major
challenge, having a great impact on future deployment
and application in such networks. Indeed, security and
privacy are major issues in the development and should
not be compromised by ease-of-use of service discovery
protocols [93]. The primary uses identified for VANETs
are safety-related messages, transportation efficiency, and
entertainment content [94]. The Vehicle Safety Commu-
nications-Applications consortium identified some poten-
tially life-saving warnings, including emergency electronic

brake light, pre-crash sensing, cooperative forward colli-
sion warning, left turn assistant, lane-change warning,
traffic signal violation warning, curve speed warning, and
stop sign movement assistant [53]. For security and safety
reasons, messages must be authenticated to ensure that
a legitimate member of the VANET sent the message
[95]. This is especially critical for safety-related messages.
When a user sends out erroneous messages whether
intentionally or unintentionally, other members of the
VANET should ignore those messages to protect their
safety.

5.5. Quality of service
Different applications of VANET are expected to require
different Quality of Service (QoS) such as node position,
the distance between nodes, link delay and reliability of
links in the aim to contribute to the stability of routes
[96]. So, QoS is another important issue to be concerned
by routing algorithms in VANETs. However, this task is
difficult to be achieved especially in a highly dynamic net-
work such as VANET. A QoS routing protocol attempts to
provide guarantees about the level of performance pro-
vided [97]. However, QoS metrics for VANET should be
well-defined [83, 98].

5.6. Performance metrics
Because of the specific condition addressing by the dif-
ferent routing algorithms, there is no standard methodol-
ogy to validate their performance. Different performance
metrics can be used to evaluate the VANET routing, such
as packet loss, packet error, packet delivery ratios and
end-to-end delay [99]. However, some approaches pro-
pose other performance metrics that can better evaluate
specific application scenarios, such as in [100]. The cost
and complexity of implementing routing in VANET and
applications in large test-bed systems forces such an
implementation to be within a simulation environment
[101]. Despite the number of simulators different in their
implementation, some parameters cannot directly be
translated over. Since the scalability is a huge challenge
in VANET, it is impossible to simulate the full stack of
very large networks [102]. In addition, mobility model and
propagation model are major challenges that should be
addressed in the context of VANET simulation. These
model present simulation settings used for protocol evalu-
ation. The mobility models should address sufficient lev-
els of complexity to simulate realistic traffic scenarios
and realistic driving behavior [103]. In general, mobility
simulators are commonly used in the evaluation process
because of the limitation of mobility traces that can be
either obtained from a close-to-reality traffic simulator or
from actual traces. Yet, specifications about these simu-
lator parameters are mostly non-standard. However, the
credibility and feasibility of simulation systems require
reliable and standardized simulation parameters so that
verification techniques can be applied [104].

6. Conclusions and Future Research Directions

Nowadays, different new applications are enabled by ve-
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hicular communication network. However, as those ap-
plications have an impact in road traffic safety, strong
routing requirements must be achieved. New mechanisms
have to be developed and improved to deal with the inher-
ent features of these networks. In this paper, we have
presented an overview of the current routing issues over
VANETs, focusing on road safety communications. We
have introduced a common underlying model for this kind
of network, along with its main settings. We have also
reviewed several routing approaches that can be performed
in the context of VANET networks. Moreover, we have
identified the routing requirements that are present on
each VANET setting. Finally, we have described and ana-
lyzed the main proposed algorithms to achieve the rout-
ing goals.

VANET routing is an emerging area in which several fu-
ture research issues can be pointed out. Although many
protocols have been proposed, some concerns still have
to be addressed such as the security and the QoS prob-
lems. In addition, as different VANET protocols and ap-
plications are based on several features and architec-
tures, a common evaluation method is required to com-
pare different routing protocols. Simulation results are
generally provided to evaluate the performance of the cur-
rent proposals. Unless, A common scenario to evaluate
alternatives still to be a concern.

Geocast Routing still has various challenges that have
not been inspected yet. These challenges offer pronounced
openings for the innovative investigators, as VANET is a
huge technology. In summary, the open issue in VANET
routing is then whether there is any standard method for
evaluating the performances of these protocols. We are
currently working on routing optimization for VANETs. As
future work, we will design a new optimized geocast rout-
ing protocol and we will propose an optimal approach to
send the packets of a message from the source node to
all the nodes within a specified forwarding area based on
the directed flooding. We aim to reduce message over-
head and network congestion. Therefore, we will discuss
the real-life data-based verification systems of our results
and as well as other performance metrics.
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