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Abstract: The upcoming models of vehicles will be able to communicate with each other and will
thus be able to share and/or transfer information. A vehicular ad hoc network (VANET) is an
application of this vehicular communication that leads to an intelligent transportation system (ITS).
Vehicle-to-vehicle (V2V) and vehicle-to-infrastructure (V2I) are the two distinct types of vehicular ad
hoc networks (VANET). V2V and V2I technologies are together known as V2X and are recently being
tested. Continuous research to enhance routing considers different characteristics and exciting aspects
of VANETs. The proposed schemes are classified based on the operational scenario. A survey of
proposed routing schemes in the last eight years is presented to determine the design considerations
and the approach used in every proposed system, along with their shortcomings. This survey will
assist new scholars in this field to analyze existing state-of-the-art systems. The table at the end
of each routing scheme shows the proposed routing scheme’s simulation, routing, and scenario
parameters. This paper also reviews VANET technology, its role in the intelligent transportation
system, recent development in the field, and the timeline for implementation of the system.

Keywords: ITS; mobility; protocols; QoS; routing; VANET

1. Introduction

A vehicle ad hoc network has developed into an exciting but challenging area in which
many new applications may find their place. Though the research in this area has been
going on for a couple of decades, practical implementation at large-scale would take more
time [1]. Nascent models in the automotive industry will manage to communicate with each
other and exchange online information. Vehicular ad hoc network (VANET), as an on-board
application of communication, is leading to an intelligent transportation system (ITS) [2]. A
key factor for emerging ITS applications is all (V2X) communication, which allows vehicles
to communicate with other vehicles, walkers, road infrastructure, and the Internet [3]. With
V2X, vehicles are connected to each other and provide drivers with alerts and warnings
about road conditions and hazards. In the near future, the vehicle will interact with its
drivers and be connected to nearby vehicles. It will have awareness of its surroundings and
road conditions. In the future, driving this way will be able to avoid heavy traffic congestion
and road crashes and to guarantee safety on the roads. Each vehicle node in V2V is a part
of a mesh network that communicates messages, receives messages, and resends messages
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if essential. Three standards, IEEE 802.11p, SAE J2735/SAE ]J2945, and IEEE 1609, define
the network architecture for this network, message packet data and a physical standard for
Dedicated Short-Range Communication (DSRC). DSRC enables communications among
vehicles, roadside units, and inter-vehicle (V2V) [4]. Vehicle sensors provide information
about speed, braking, location, and direction of travel to the network.

Ambient components, like signal lights and sensors (installed at roadside assisting
V2X), are acting as network nodes in the network. V2I provide support to vehicle/nodes to
assist the network in informing vehicle drivers about signal light timing, road signs, and
hazards. Figure 1 shows that V2Xis a vehicle to everything technology in which V2I plays
a role in warnings and alerts associated with the timing and priority of traffic signals. V2N,
vehicles to network, informs the vehicles about real-time cloud services, traffic, routing, etc.
V2V plays a role in safety systems to avoid collisions. Vehicle-to-pedestrian V2P gives safety
warnings for pedestrians and cyclists. Autotalks is a company that offers V2X solutions.
They have placed a banner on their website saying, “Wait until 2024”. This statement shows
that V2V will be a reality soon [5].

Wired/wireless ’ Internet
backend connection RSU
RSU / \

Vehicle-to-RSU \

Vehicle-to-Vehicle

Figure 1. Vehicle to everything V2X technology [6].

The following section presents these routing protocol design considerations based on
the approach proposed in each algorithm (i.e., highway, urban, and grid scenario-based
routings) and their limitations. In this review, several recent studies for VANET are selected
from urban-, highway-, and grid-based routings. These protocols were selected based on
their salient features and grouped together. There are several comprehensive reviews in
the literature, but they mainly focus on the components of conventional routing schemes.
It is difficult to identify recent developments in QoS optimization by routing protocols
in VANETs because parallel research is being conducted in each category of conventional
routing and other newly introduced advanced techniques.

This is a novel classification of routing protocols. The goal of this classification is to
focus research studies on recently emerged popular schemes and avoid efforts on saturated
and obsolete routing schemes. The benefit is to help young researchers analyze current and
state-of-the-art proposed algorithms on the conventional side along with newly emerged
strategies in routing VANETs. The current state of the art from the last five to seven
years is selected to highlight the operation, advantages and disadvantages of the research
work, and the specifics of each proposed method. The tables in each subsection show the
comparison of the simulations, routing and performance metrics used for the considered
routing methods.

2. Vehicular Ad Hoc Network Role in Intelligent Transportation System

The vehicular ad hoc network distinguishes itself by its high level of mobility, increased
network traffic, and real-time applications, and is essential in the intelligent transportation
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system (ITS) [7,8]. ITS provides navigation, road safety, traffic control, and electronic tolling
services. These applications are primarily real-time and non-delay tolerant. Although
there are no battery power constraints in VANET due to onboard units (OBU) installed on
vehicles, latency is an issue for its real-time applications.

The rapidly changing topology has therefore drawn researchers to focus on the design
of efficient routing protocols. The role of routing protocols in the stated scenario is crucial
in supporting the ITS [9]. In the modern era, communication is done through real-time
multimedia applications. Establishing a stable link between the nodes is required to
ensure efficient and real-time communication, which can be achieved with efficient routing.
Efficient routing can control congestion in the network, and a congestion-free network can
guarantee the quality of service for real-time applications. The routing protocols must be
able to cope with the challenges of dynamic topology and other routing challenges such as
quality of service insurance in a rapidly changing scenario.

Furthermore, it must have the flexibility to adjust to the changing requirements. The
scope and provision of different routing protocols vary significantly [10]. It is essential to
select an appropriate routing protocol for different operational environments automatically.

According to [11], they tested different V2X concepts in a joint project of Michigan Uni-
versity and the National Highway Traffic Safety Administration (NHTSA). Two thousand
and five hundred vehicles from well-known automakers such as Toyota, Ford, GM, Nissan,
Audi, Mercedes, and Honda took part in the test. NHTSA analysis of the test data shows
that V2X can prevent more than half a million road accidents in a year. This technology can
save thousands of lives annually.

V2X scope is not limited to collision avoidance; instead, it has several applications that
will grow in the future. Figure 2 shows some common uses of this technology. This technology
warns the driver about onward collisions and other vehicles’ existence at blind intersections.
It gives a do not pass warning (DNPW), queue warning, and curve speed warning.
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User (VRU) alerts and chareing optimal speed advisory vehicle alert

Figure 2. V2X technology use cases [6].

This technology discovers parking and charging for the vehicles, informs about traffic
single priority, and provides advice about optimal speed. It alerts the driver about vulnera-
ble road users (VRU) and emergency vehicles. The Cooperative Adaptive Cruise Control
(CACC) system makes vehicle platooning feasible at small headways [12].

In 2015, MIT Technology declared V2V as a significant technology breakthrough in
one of their reviews [11]. Different automakers have announced that they will enable the
upcoming models with V2V technology and have shown their interest in capitalizing on
the excitement [11]. Delphi Automotive has decided to use NXP’s ReadLINK chipset and
IEEE 8.11p in V2V modules. To support V2V and V2I applications, Qualcomm has made
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two X12 and X5 LTE modems and a VIVE QCA65 x 4 chipset [11]. Cohda, Siemens, and
GM work together over the radio band for the V2V and V2I devices. Their V2X technology
based on a cellular network is called C-V2X [11].

Automaker companies have introduced their initial versions of V2V-enabled vehicles.
Still, these vehicles will be able to communicate with only a few others, which is not
significant for achieving the real benefits of V2V. According to GM estimation, 25% of
vehicles must be enabled with this technology to make it effective [11]. This will require
government regulations and a period of about five years [11]. Audi has tested the V2V
technology of Delphi, Cohda, and NXP, and Ford also demonstrated vehicles enabled with
V2V technology [11].

Toyota is integrating sensors with V2I and V2V technology and safety packages; this
technology will be shortly available to the world. Developing technologies such as the
Internet of Things (IoT), and products such as traffic lights, signs, crosswalks, various
interactive devices, and different wireless products from Savari, Cisco, and Siemens will
also be integrated with this technology to benefit from V2V [11].

3. VANET Technology

It is necessary to alert the drivers about road conditions, traffic, and other relevant
information to ensure traffic flow, safety, and protection. Timely and accurate information is
required to achieve this. As illustrated in Figure 3, vehicular ad hoc networks (VANETSs) typ-
ically solve the issue [13]. By benefiting from the facilities provided by VANET technology,
emergencies can be avoided. In other words, all information related to traffic movement
on the road, such as traffic density, vehicle speed, and weather conditions, is collected
using V2V and V2I communication technologies. This information helps in preventing
traffic overflow and road accidents. It also helps the roadside base stations inform the
vehicle that the traffic is changing. The V2V network is connected to the external network
by integrating various wireless technologies such as 3G, IEEE 802.11, IEEE 802.16e, LTE
Advanced, and Long Term Evolution (LTE) [14].
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Figure 3. Vehicular ad hoc network and ITS.

VANET provides the features of continuous connectivity to drivers while driving; it
connects the vehicles with other vehicles through a home or office-based network and
enables ITS by establishing stable wireless connectivity to the vehicles without any fixed
infrastructure. On-board units update the driver and passenger about floods, accidents,
traffic jams, rain, and other traffic irregularities. By receiving in-time information about the
road condition, the driver can make the right decision to prevent accidents [9].

The nature of VANET is akin to the operative technology of MANET in that the
conditions of auto-organization, auto-management, low bandwidth, and sharing of radio
transmission are the same. Nevertheless, the primary operational constraint of VANET
is the high speed and timid mobility of mobile nodes along the tracks. This indicates
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the redesign of the routing protocol, which demands the enhancement of the MANET
architecture to perfectly adapt to the high-speed movement of nodes in the VANET. This
problem posed several issues in the research for designing an appropriate routing protocol.

The primary purpose of routing protocols is to achieve shorter communication time
using as few network resources as possible. Numerous routing protocols are developed
for MANETs; some are directly transferable to the VANET. The simulation results show,
however, that the efficiency of the VANET is influenced by factors such as high-speed vehicles,
active communication, and the resulting high speed of other nodes different from MANETS.
Therefore, identifying and administering routes are the required tasks for the VANET. This
paved the way for many research issues in developing the appropriate routing algorithm.

A qualitative analysis of protocols shows that geo-casting and position-based routings
are better suited than conventional VANET routing protocols due to ambient influences.
Position-based routing protocols are based on the geographic position of the vehicles when
selecting the best pathway to route the data. Besides, they do not exchange connection status
information or maintain fixed routes. This makes the protocols more resilient to frequently
changing topologies and vehicles” high mobility [1,15]. Furthermore, infrastructural-based
routing protocols are the most attractive in communication with VANET.

3.1. MANET and VANET Technologies Comparison

VANET and MANET are closely related to several technological dimensions. Their
variations are also apparent from the characteristics shown in Table 1.

Table 1. MANET and VANET comparison.

Parameters MANET VANET
Cost of production Cheap Expensive
Change in network topology Slow Frequent and very fast
Frequency of topological change Low High
Bandwidth Hundred kbps Thousand kbps
Node lifetime Depends on power resource Depends on the lifetime of vehicle journey
Multi-hop routing Exist Less existence
Reliability Medium High
Moving pattern of nodes Random Regular
Addressing scheme Attribute-based Location-based

3.2. Vanet Architectures

VANETs use MANET-like standards because they are not tied to a fixed basis for com-
munications and broadcast messages, and they are part of the highly dynamic road traffic
environment. Figure 4 shows the purely cellular/ad hoc, wireless local area network (WLAN)
and VANET hybrid architecture. VANETs can use fixed radio access gateways, Wi-Fi ac-
cess nodes, or base stations at the junction for internet connectivity, routing, or traffic data
collection in a strictly cellular architectural environment. Under such circumstances, The
VANET will use either Wi-Fi or radio network architecture. Such architecture is known as
vehicle-to-infrastructure (V2I) architecture and efficiently incorporates new, disparate wireless
technologies, including 3G wireless, LTE, LTE Advanced, IEEE 802.11, and IEEE 802.16e [14].

Figure 4 (red lines) shows the pure ad hoc VANET architecture known as vehicle-to-
vehicle (V2V). In this particular structure, nodes are constrained to communicate with one
another because financial barriers restrict the deployment of mobile masts and wireless
APs. The in-car information collected by the fixed sensors is helpful to inform other
vehicles of accidents or other traumas and assist the police in tracking criminals [16]. The
infrastructure-free network is located throughout the ad hoc cluster where the nodes carry
out V2V communication.
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Figure 4. VANET architecture [17].

Figure 4 overall presents the (V2V, 121, and V2I) Hybrid VANET’s architecture. This
architecture integrates the wireless network components with roadside units like mobile
masts, APs, and vehicles to facilitate communication. Many metropolitan screening, safety,
driving assistance, and entertainment applications [18] have used infrastructural commu-
nicative devices to access live and web-based data across network spaces and communicate
such data via ad hoc, infrastructure-free peer-to-peer networks. Hybrid mobile/ad hoc and
WLAN architecture deliver more comprehensive content, excellent data-sharing service,
and flexibility.

4. Routing Protocols in VANETs

In VANETS, routing protocols are commonly divided into vehicle-to-vehicle and
vehicle-to-infrastructure based on the architecture of the VANET. Vehicle-to-vehicle VANET
is classified further based on routing information and transmission strategies. These are
position- or topology-based, unicast, multicast, and broadcast, respectively [19]. The litera-
ture also categorized the routing algorithms as reactive, proactive, and hybrid. Predictive
mobility-based algorithms and energy-aware routing are other taxonomies. The protocols
are designed to ensure the quality of service and efficient use of constrained resources.
Cluster-based routing protocols are also designed to reduce the topology maintenance
overhead. Proposed methods are position or topology-based routing maintaining a low-
latency, congestion-free network. The recent research in VANETs routing is based on these
attributes of routing. Still, their design is broadly based on the scenario where the VANETs
will be deployed. In this article, we have categorized the protocols based on the operating
scenario, as it will help the researchers focus on studying protocols designed for their in-
tended operational scenario. Figure 5 illustrates the classification of the examined protocols
on the basis of their active scenario.

There are two reasons why a routing protocol must be developed that can handle
topological change in high speed VANETS. First, routing in an ad hoc network is responsible
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for finding and maintaining a route to the destination, taking into account the characteristics
of mobility, limited power, and bandwidth restrictions [20]. Second, VANET dynamics are
high, and these protocols have been proposed for particular scenarios.

Continuous research is evolving to improve routing, bearing in mind several aspects
and stimulating features of VANETs. This subsection presents these design considerations
of routing protocols, the approach adopted in each proposed algorithm, and their limita-
tions. The advantage is to help new scholars to analyze current state-of-the-art proposed
systems. Various routing algorithms for VANET selected randomly from different scenarios
are described in the sections below. Tables in each subsection demonstrate the parameters
used in routing, simulation, and the performance parameters used in the scenario of the
routing proposals under consideration.

VANET Routing

Protocol

Urban Based

Grid Based s . Highway Based
Scenario cenario Scenario
Hybrid
l A 4
Urban Scenario City Map Urban Scenario with
with streets Scenario traffic signals/ traffic
( \ E-NEMO
ASAR STAR E
iCAR G-RAODV
RAGR fmproved PassCAR
ERBA GPSR
RIVER GeoSpray GPSR-R AODV-R
Auto tuned HyBR
GPGR OGPSR LSGR HLAR GGR
OLSR IAODV
(An Efficient (A VANET SCRP GeoSVR (Road
MAZACOR (A Road .
Prediction- routing JBR SD-AOMDV Vehicle
NET Selection .
Based based on the LSGO SDR Density
CAME Based
Forwarding real-time CBR Based
Routin
Strategy) road vehicle P-GEDIR & VANET
density) GEDDAI in Routing)
ensi
v VANET)
\ J\ I
NG NS S/

Figure 5. Taxonomy of VANETSs routing protocols.

4.1. Highway-Based Scenario

The highway-based scenario represents a multilane road on which the traffic flows
at high speed [21]. The highway traffic usually remains sparse, and the internet or inter-
vehicle connections are maintained with the help of the roadside unit. The designing
aspects of routing protocols intended for highway-based scenarios differ from the city- or
junction-based scenarios. Tables 2—4 shows routing parameters, simulation parameters,
and performance metrics of highway-based scenarios routing protocols respectively.
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Table 2. Routing parameters of highway scenario-based routing protocols.
Name of the Year Routing Parameters
Article Proposed of Pro- MAC Transmission Operational No. of Topology
1 Speed
Protocol posa Protocol Range Scenarios Nodes Size
~ Highway with 40, 60 and 5000 m
[22] EG-RAODV 2013 NA NA three lanes 80 km/h 30 highway
Highway scenario 40-80, °000 m
[23] AODV-R 2012 NA NA W‘fth thi’ee . 60-140 and 30 with three
40-100 km/h lanes
) Highway scenario - | 50 km x
[24] GGR 2015 IEEE 802.11p 300 m with 6 lanes 50-60 km/h 10-50 50 km
Road Vehicle 3000 m X
[25] Density-Based 2013 IEEE 802.11 250 m Highway 20-55 km/h 150-300 3000 m
VANET Routing
One way Road
. 80,100,and 150, 200, 250,
[26] PassCAR 2012 IEEE 802.11 250 m multi-lane . 120 km/h 300 and 350 length
platoon scenario =5km
Enhancement in WIiMAX = 1000 m, Highway with 1000 m x
271 NEMO 2013 NA WLAN =300 m four lanes 5-100 kn/h 0-100 1000 m
Table 3. Simulation parameters of highway based scenario routing protocols.
Simulation Parameters/Metrics
Referenced : . . . ; . -
Article Simulation Compared to Packet Size Data Rate Traffic Channel Simulation Mobility
Tool P (Bytes) (kb/s) Type Capacity Time Models
[22] OMNet++ AODYV, PBR 1500 128 NA NA NA NA
NEMO, fast
[27] Ns-2 NEMO 320 100 packet/s NA NA NA NA
One way
[26] Ns-2 AODV 1000 NA NA 1mb/s 100 s multi-lane
platoon scenario
[25] Ns-2 GPSR NA 20-40 NA NA 200 s Highway
NS-2.34 and ACSF, S&W Highway
(24] MOVE and ER 512 NA NA NA NA scenario
Highway
[23] OMNET -+ AODV 500-3000 10 packets/s UDP NA NA scenario with
and C++
three lanes
Table 4. Performance metrics of highway scenario-based routing protocols.
Performance Metrics
Reference Packet End to End Delav/ Routing/Message/
jacket nato bad Leiay Throughput Packet Loss Communication Other Metrics
Delivery Ratio Average Delay
Overhead
[22] Yes Yes No No No Link failure
[27] No No Yes Yes No Message overhead
[26] Yes No Yes No No Path lifetime
[25] Yes No No No Yes NA
Hop to h
[24] Yes Yes Yes Yes No L10p to hop
disconnection
Routi
[23] Yes No No No No outing error
message

4.1.1. Enhancement in Network Mobility (NEMO) Protocol

Simple handoffs can be achieved only on IP-based networks if an efficient IP assign-
ment and reassignment process in a mobile node (mn) is implemented. Internet connectivity
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is provided in vehicle-to-infrastructure communication. On highways, the speed of vehicles
is high; thus, seamless handoff and a steady link to the internet are issues.

M-IPV4, M-IPV6, and HM-IPV6 seamlessly process handoffs and are an improved
series of advanced routing in IP-based networks. To address network mobility (NEMO)
in M-IPv6, the Internet Engineering Task Force (ITEF) RFC (Request for Comments) was
expanded and named the NEMO Basic Support Protocol.

An improvement in NEMO to cut down vertical handoff latency was proposed in [22].
The vehicle-to-vehicle communication is employed to invoke the handoff procedure. The
nodes/vehicles perform the role of a router for other vehicles during the handoff process
along with the fixed infrastructure. The overall latency may be reduced in the pre-handoff
process. Wi-Fi and WiMAX wireless networks were used during the simulation process.
The proposed scheme was tested for performance metrics such as throughput, packet loss,
control overhead, handoff latency, and jitter.

The mobile node requires updated messaging to the home agent to increase the
traffic signal ratio. The vehicle-to-vehicle communication has its traffic and is responsible
for acting as a router during the pre-handoff process. Hence, the control overhead may
increase. Furthermore, the complication arises if the mobile node has two neighbor nodes
with different mobility directions. One node is arriving at VANET while another is on
departure; what will be the handoff choice of an MN in this situation?

4.1.2. Evolving Graph-Reliable Ad Hoc On-Demand Distance Vector (EG-RAODV)

The changes in topology occur when a vehicle/vehicles changes its velocity or lanes.
The changes in topology depend on road conditions and drivers” behavior, and are not
usually planned. Graph theory is constructive in analyzing the dynamic topology of VANET.
For a dynamic network whose mobility is predictable, a theoretical graph model known as
an evolving graph can be used to extract the dynamic behavior of mobile nodes [23,24]. The
vehicle information and underlying road network can be used to estimate the dynamics
of VANET. Therefore, if we assume VANET as a predicted pattern dynamic network, an
efficient routing algorithm for VANET can be designed using an evolving graphs model.

Evolving Graph Reliable Ad Hoc On-Demand Distance Vector Routing Protocol (EG-
RAODV) based on their former model, known as VANET oriented Evolving Graph (VoEG),
was proposed in [25]. To maintain the quality of service in VANET, a procedure based on
VOEG creates the utmost trustworthy routes from source to sink nodes.

Evolving graphs are appropriate for the networks whose topology dynamics are pre-
dictable at different time interims. The authors assume that VANET topology is predictable;
however, considering that VANET can be characterized under fixed scheduled dynamic
networks (FSDNSs), this is not acceptable. The EG-RAODV is not compared with the latest
routing schemes for performance.

4.1.3. Passive Clustering Aided Routing (PassCAR)

The paper [26] proposes a clustering scheme for vehicular ad hoc network based on
the passive clustering mechanism adopted in mobile ad hoc networks. The authors claim
that the proposed scheme forms reliable and long-life clusters, resulting in decent routing
performance. The proposed scheme works in three phases. That is the discovery of routes,
route establishment, and data transmission. The selection of suitable candidates for cluster
head (CH) and gateway roles is the central theme of this research. The routing information
will then be forwarded via these nodes in the route discovery. Multiple metrics are used
to evaluate the suitability of a node to become the cluster head. These are node degree,
communication workload, and the lifetime of a link. The main factors considered are link
stability, sustainability, and reliability. The cars in the network evaluate themselves for the
responsibility of the cluster head and gateway role based on the weighted combination
of the metrics mentioned above. When the routes are discovered, the source nodes are
informed through a route reply packet. The nodes transmit their data on the established
paths. The authors claim they are the first to study the passive clustering applicable to
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vehicle behavior. The association of the proposed scheme to any routing protocol that
supports reliable, stable, permanent data delivery and passive clustering-based scheme
for the vehicular network that operates on a logical link layer are the main contributions
of this paper. A simulation is performed that shows the path’s lifetime, throughput, and
packet delivery ratio.

In the proposed scheme, the mobility of a car during cluster head (CH) selection is
not considered, and a node with a different speed from its neighbors may be selected as a
CH, which may result in extra overhead. The neighbor’s relative mobility is an essential
factor in a structured cluster network and is not considered in this scheme. Therefore, a car
with a different direction from its neighbors may be elected as a CH and will form unstable
clusters. The degree of a node may be high in a junction and will be selected as a CH, but
the CH may become isolated when it leaves the intersection. Therefore, a node with a high
degree does not guarantee stable clusters.

4.1.4. Road Vehicle Density Based VANET Routing

Geographical routing protocols are more suitable for VANET, as it has features like
a global positioning system (GPS) and no limited battery power [27]. The GPSR is a
geographical routing protocol based on a greedy approach. It forwards the packets to the
neighbors with greed that this passing on will find a path to the destination. When there
are no immediate neighbors, the protocol routes the packets to the region’s perimeter, and
its performance is not good in VANET because of the driver’s behavior, changing topology,
node speeds, and density. The road layout decides the network topology in a road or
highway scenario. The greed of GPSR may lead the packet to the low-density region, and
due to connectivity issues, the data delivery may fail.

The paper [28] proposes a routing scheme for VANET based on on-road vehicle
density. Considering practical density information, it establishes a route for stable V2V
communication in a city environment. The neighbor nodes measure the density from
the road information and beacon messages. It ensures a minimum end-to-end delay and
provides the best communication route.

The theoretical description of the scheme justifies the delivery ratio improvement,
but the improvement in routing overhead and end-to-end delay is not warranted. The
road information table maintenance and beacon messages may cause a delay in route
establishment, resulting in end to end delay. Secondly, the beacon messaging traffic
may lead to congestion, delay, or even delivery failure. The proposed is checked for
performance against a single routing protocol ignoring other known geographical-based
routing protocols like GPCR and GPGR.

4.1.5. Ad Hoc On-Demand Distance Vector Routing Based on Reliability (AODV-R)

The two most essential issues in VANET routing protocols are scalability and interop-
erability. Efficient dissemination and routing protocols are required to provide QoS support
to various VANET applications. The routing protocols designed for MANET are not suit-
able for VANETs. In this regard, research work has been done to ensure link reliability.
A scheme is proposed in [29] that predicts the link breakage before it happens using the
vehicle heading’s information. The proposed scheme provides route durability and stability
by grouping the vehicles based on their velocity vectors. Velocity aided routing (VAR) [30]
is another proposal that selects the forwarding node based on node and destination-relative
velocity. It predicts the destination node’s future trajectory by analyzing its location and
velocity information and forwards the packets to a predicted region. Movement Prediction-
based Routing (MOPR), proposed in [31], avoids link breakage and provides table routes
by indicating the future position of the node. It uses the vehicle’s direction, velocity and
location information to predict its future position.

A Reliability-Based Routing Scheme for VANET (AODV-R) proposed in [32] modifies
AQODV routing protocol with their route reliability definition and link reliability model
to provide QoS support in a highway scenario. AODV route establishment is based on
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the RREQ message broadcasted to the network. The node that receives the RREQ records
the previous hop and forwards the RREQ message. When a node finds a route to the
destination, it communicates it to the source node through route request-reply (RREP)
using the path obtained from previous hop recordings. If a link breakage happens, it is
also communicated to the source node through a route error message (RERR). To ensure
the link is still active, the AODV sends HELLO messages periodically. The proposed
scheme extends the RREQ message with five new fields containing information about node
coordinates, speed, direction, and link reliability. The RERR and routing table are also
extended with additional field link reliability. The AODV-R uses this information during
the route discovery to provide reliable routing.

The rapid change in VANET topology causes route instability. Therefore, the RREQ
broadcasting in VANET is more frequent; this causes high congestion in the network
and leads to high end-to-end delay. The proposed scheme increases the size of the RREQ
message, increasing the bandwidth load. The increased computational overhead due to link
reliability calculation may also cause a delay. The proposed scheme needs to be checked
for end-to-end delay.

4.1.6. Ad Hoc On-Demand Distance Vector Routing Based on Reliability (AODV-R)

Dedicated short-range communication (DSRC) is designed to enhance the Wi-Fi tech-
nology for the VANETs environment. The distinguishing feature of DSRC is the high data
rate in a rapidly changing environment. The rapidly changing environment causes critical
issues such as data dissemination or efficient routing in ITS applications. The epidemic
routing (ER), probabilistic routing protocol using the history of encounters and transitivity
(PROPHET), spray and wait (5&W), and DTN to VDTN are different protocols proposed
for highway scenarios. These protocols are based on an enhanced version of flooding.
These protocols lack the provision of NHV selection. These protocols suffer from lower
packet delivery ratio, packet loss, higher hop-to-hop disconnection, end—end delay, low
throughput, and high hop-to-hop count.

Kaiwartya, O. and S. Kumar in [33], using a guaranteed geocast routing (GGR) proto-
col, had proposed guaranteeing the packet delivery in intermittently connected highway
VANETSs. The proposed protocol considers caching of packets, neighboring vehicle speed,
packet ownership transfer, and heuristic function with NHV selection. Cached packets are
not immediately forwarded due to the unavailability of NHV in intermittent connectivity.
The mobility is used to deliver the cached packets upon NHV availability. A mathematical
model computes the probability of the successful delivery of packets in the intermittently
connected highway without considering caching packets. It divides the vehicles into the
groups FAST and SLOW based on their speed compared to a current forwarder. The FAST
and SLOW impact on end-to-end delay is analyzed. The packet delivery is guaranteed
through ownership transfer. The present and future costs of packet delivery are measured
by the heuristic function that helps in NHV selection.

Several parameters used in the proposed protocol and mathematical models may
increase the processing and communication overhead significantly. The simulation envi-
ronment of the proposed scheme does not reflect the real-world environment. The speed
range is 40-120 km/h in a real-world highway scenario, which is kept at 50-60 km/h in the
simulation setting of the proposed scheme. The impact of speed is very high on routing
protocol performance in VANET.

4.2. Hybrid of Highway and Urban/City Scenario

In this section, those protocols are discussed and designed for a scenario with both the
highway and urban scenarios. The urban scenario is restricted in nature due to streets and
buildings. The speed of vehicles in the city is low as compared to highways. The traffic remains
congested in the city, and the connectivity is high due to the maximum number of access points
in city areas. Tables 5-7 shows routing parameters, simulation parameters, and performance
metrics of hybrid of highway and urban based scenarios routing protocols respectively.
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Table 5. Routing parameters of hybrid scenario-based routing protocols.

Name of the

Routing Parameters

. Year of
Article Proposed Proposal MAC Transmission Operational Speed No. of Topology
Protocol Protocol Range Scenarios pee Nodes Size
[28] (HLAR) 2012 IEEE802.11b  150-250m  Caussian Rayleigh, 5 10510 40-240 NA
Uniform
1000, 150,
[29] (GeoSVR) 2012 [EEE 802.11 250, 600 m Line, urban, static 5 g and 3 (for NA
and mobile scenario static
scenario)
City scenario, 10-90 km /h, 2000 m x
[30] SD-AOMDV 2012 IEEE 802.11 250 m highway scenario 60-120 km/h 70, 60 2000 m
City scenario with
IEEE 802.11 intersections, 36 km x
[31] (SDR) 2013 DCE 400 m highway sconario 10-35m/s 60-600 o
with three lanes
Table 6. Simulation parameters of hybrid scenario-based routing protocols.
Simulation Parameters/Metrics
Referenced ;| ilat Packet Si Data Rat Channel  Simulati Mobilit
Arti 1 1imulation ackKe 1Ze ata \ate . anne 1mulation obility
rhcle Tool Compared to (Bytes) (kb/s) Traffic Type Capacity Time Models
Line, urban,
AODV and static and
[29] Ns2 GPSR 800 400 kb/s NA 2mb/s NA bl
scenario
28] NA AOBXETX' NA 8kb/s NA 2 mb/s NA Gaussian
Manhattan
[30] NS-2.34 AOMDV 512 NA NA NA 400 s mobility
model
AODV, D-LAR, City /highwa
[31] Qualnet 4.0 EARP and 1024 NA NA 2mb/s 900 s y/highway
ROMSGP scenario
Table 7. Performance metrics of hybrid scenario-based routing protocols.
Performance Metrics
Reference Packet End to end Routing/lY[es.sage/ .
. . Delay/ Throughput Packet Loss Communication Other Metrics
Delivery Ratio
Average Delay Overhead
[29] Yes No No No No Network latency
[28] Yes Yes No No Yes NA
N lized
[30] Yes Yes No No No ormatize
routing load
[31] Yes Yes No No No Path breakage

4.2.1. Hybrid Location-Based Ad Hoc Routing (HLAR)

In VANETS, issues like wireless channel fading, vehicle scalability, and density vari-
ations have made routing more challenging. These issues may arise due to high-speed
vehicles and common obstacles in urban sceneries. An adequate volume of research
work focuses on realistic mobility and propagation models [34-39]. These proposals at-
tract significant concerns that a new VANET routing protocol may face. VANET routing
schemes are categorized primarily into geographic or position-based and topology-based
routing [40-43]. The link-state information is used to data forward data in topology based
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routing schemes. The routing overhead in ad hoc on-demand distance vector (AODV)
topology-based schemes is low compared to others [34,44—46]. The scalability issue arises
in all topology-based routing schemes [45]. Topographical-based routing schemes do
not share information about their links as they are not table-driven. This overcomes the
scalability issue to some extent.

A hybrid location-based ad hoc routing (HLAR) scheme to handle the scalability issue
was proposed in [47]. The commendable characteristics of topographical and reactive
topology-based routing are combined in this protocol. The reactive version of HLAR is
activated when topographical information is not available. The simulations are conducted
to evaluate the performance of network overhead and scalability.

Real-time communication is mandatory for most VANET applications. The rout
formation in the initial phase may cause a delay in reactive routing. The scalability and
routing overhead is checked during simulation, while the packet loss ratio and latency
parameters are ignored in the simulation. The mean speed of vehicles is kept constant for
diverse scenarios where it would differ since the speed of vehicles in streets, and multi-line
high-ways may vary. This may result in non-realistic outcomes during simulations.

4.2.2. Speed and Direction Based Ad Hoc On-Demand Multipath Distance Vector
(SD-AOMDV)

In MANET routing protocols, AODV is the most suitable routing protocol for VANET.
Marina and Su in [48,49] verify its performance in terms of packet delivery ratio, path
optimality, and routing overhead by simulating it against other ad hoc routing protocols
such as DSDV, TORA, and DSR. An improvement in AODV is proposed in [50] that uses
mobility parameters for next-hop selection and makes it adaptable for VANET. In this
scheme, the selection of a node as the next hop is based on its direction and position.
AOMDV is another enhanced version of AODYV, which is better than AODV for VANET’s
high mobility scenarios [51].

Further improvements have been added to AOMDV to make it suitable for V2V
communication. In SSAOMDYV [52], routing decisions are based on hop and speed. Its
performance is better than AOMDYV in terms of end-to-end delay and normalized routing
load. RAOMDYV [53] considers the number of hops, link quality, number of retransmission,
and delays as parameters to enhance routing. It is a multipath routing scheme that reduces
the number of route rediscoveries.

The proposed SD-AOMDYV [54] is based on AOMDYV that enhances AOMDYV suitability
for VANET. The design considerations are based on the fact that high-speed difference
and different direction of the communicating nodes reduces the route and link stability. In
this scheme, the next-hop selection is based on the node, source, and destination similarity
concerning speed and direction. It selects only that intermediate node as the next hop in
the source and destination path. If the source and destination nodes are in the opposite
direction, then it selects only that intermediate node as the next hop in the direction of
the source or destination. The intermediate node is also checked for its minimum speed
difference with source and destination before selecting the next hop. The simulation verifies
the performance of the proposed scheme.

In the city scenario, the direction of the nodes changes frequently, and a node selected
in the direction of source and destination may change its direction. If a node is at a red light
signal at the junction, its direction is uncertain because of the unknown driver’s intentions.
S-AOMDYV and RAOMDYV are the other improved AOMDV routing schemes that claim
improved performance. The proposed scheme simulation validates its better performance
than AOMDY, but its performance against S-SAOMDYV and RAOMDYV is not verified.

4.2.3. Stable Direction-Based Routing (SDR)

Topology-based routing use link information for route establishment. In routing dis-
covery, route request (RREQ) packets are broadcasted to the neighbor nodes. The neighbor
nodes rebroadcast the packet, and this rebroadcasting continues until route establishment.
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This is an effective solution to rout discovery, but not efficient, as it broadcasts the packet
throughout the network. Position-based routing protocols send packets to a specific region
based on a known node position. The position of communicating nodes and interme-
diate nodes is known, and the packets are forwarded towards the destination without
establishing a route. Position-based routing is comparatively good for VANET, but these
routing protocols suffer from link failure during broadcasting. Link stability is required to
guarantee minimum end-to-end delay.

Liu et al. in [55] proposed a stable direction based routing (SDR) that broadcasts the
RREQ packets in a specific direction based on destinations and neighbor node position.
It minimizes the flooding and its negative effect on the network. It also provides stable
links for propagation by measuring link stability and labeling paths with path stability and
predicted expiry time. It considers the vehicle in the direction of source or destination in
the route discovery process. The protocol predicts the path duration and selects stable links
as a route. The SDR reduces the flooding by using directional broadcasting of RREQ and
reduces network delay by selecting a stable route.

SDR is a hybrid of topological and geography-based routing protocol; it reduces the
congestion problem of topology-based routing and links instability problem of geographical
routing on the cost of computational overhead. The calculation and maintenance of link
stability are continuous and can cause network delay. Secondly, RREQ broadcasting causes
congestion, although it is reduced compared to topology-based routings.

4.2.4. Geographic Stateless VANET Routing (GeoSVR)

In an urban scenario with multi-hop forwarding, finding a suitable route for the data
packets is an issue. Dynamic topology, high speed, and non-uniform density are the natural
characteristics of VANET that cause the issue mentioned above. Secondly, wireless communi-
cation is a short-distance communication that can be easily interfered by different obstacles.
This obstructs routing significantly. Traditional routing schemes cannot route packets with
high packet delivery ratio and low latency, which are the essential routing parameters for
urgent messaging. Reactive routing such as AODV and DSR are unsuitable for VANET as
they do not satisfy the minimum latency requirement of traffic management applications.

The potential solution to the problem is geographic routing. It reduces the latency
and overhead as the geographic routing does not require exchanging route maintenance
information or link status. GPSR is a typical routing protocol of this category; however,
its scope does not cover the roadways scenarios with variable node density and sparse
connectivity. GPCR [56] solves the problem of GPSR, but fails to provide a complete solution
for the local maximum problem. GSR is another solution, but the sparse connectivity
problem is not covered here.

In [57], Geographic Stateless VANET Routing (GeoSVR) based on optimal forward-path
(OPF) is proposed. A Restricted Forwarding Algorithm (RFA) is used to overcome sparse
connectivity, unreliable wireless communication problems, and local maximum. It is shown
in the simulation results that the proposed protocol outperforms other routing protocols.

The authors have described the unsuitability of AODV reactive routing and suggest
geographic routing for VANETs, but simulate their own proposed scheme against AODV
instead of the GPCR. The node density is not apparent, as the simulation area parameter
is missing in simulation parameters. The proposed protocol is checked for only two
performance metrics.

4.3. Urban Based Scenario

The limited speed of vehicles in urban areas causes congested traffic. The design
considerations of routing protocols in urban areas have distinguished dimensions [58]. The
urban-based scenario is further divided into an urban scenario with traffic signals/traffic, a
city map scenario, and an urban scenario with streets. Tables 8-10 shows routing param-
eters, simulation parameters, and performance metrics of urban-based scenarios routing
protocols respectively.
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4.3.1. Urban Scenario with Traffic Signals/ Traffic

This scenario represents an urban scenario that considers the junctions’ traffic signals.
The behavior expected direction of the stopped vehicle at the intersection and the congestion
at traffic signals make the scenario different from highway and city map scenarios.

(1) Peripheral Node-Based Geographic Distance Routing (P-GEDIR)

Routing is finding the best path between the source and destination. Source and
destination may contain multiple hops in between; this situation is more complicated than
a one-hop communication. The intermediate vehicles act as a router in determining the
traffic path. Frequently changing network topology in VANET makes it very hard to find
and maintain the routes. Position-based routing protocols are more suitable for VANET
than the traditional topology-based routing protocol. GPSR, A-Star, GREEDY PERIMETER
COORDINATOR ROUTING (GPCR), MFR, and GEDIR are the known position-based
routing protocols.

In [59], they analyze the performance of a location-based routing protocol, Peripheral
node-based GEographic DIstance Routing (P-GEDIR), based on the GEographic DIstance
Routing (GEDIR) protocol. P-GEDIR reduces the number of hops in the route, improving
data delivery in the urban traffic scenario. The number of hops between source and
destination is reduced using the concept of the peripheral node.

The author claims that the analyzed scheme improves the packet delivery in various
VANET scenarios, but it is not validated in the simulation. The result does not show that
overall QoS performance is enhanced with the scheme implementation. The proposed
scheme is not checked against variable speed and node distance.

(2) Geographical Data Dissemination for Alert Information (GEDDAI)

One of the most challenging and essential processes in VANET is data dissemination.
VANET natural features such as frequently changing topology, disconnectivity, and vari-
able node density make data dissemination challenging. The efficient and robust data
dissemination is necessary for accident avoidance and after collision warning, particularly
when the source and the destination distance exceed their radio transmission range. Issues
such as broadcast storm, network partition, and temporal network fragmentation must be
resolved efficiently to achieve efficient and robust data dissemination for VANET.

The paper [60] proposes geographical data dissemination for alert information (GEDDAI)
that efficiently solves the broadcast storm problem. It reduces the delays and overhead by
performing data dissemination across the relevant zones utilizing proposed sweet spots. The
designed protocol is based on a reactive approach, avoiding the table-driven technique, which
is very costly in VANET due to its frequently changing topology.

The zone maintenance, management, and formation will cause additional overhead.
The proposed protocol is close to the cluster-based scheme as it divides the operational
environment into zones, and its performance is also supposed to be checked against cluster-
based schemes. Unlike the sweet spot, the zone of relevance (ZoR) decision shown in the
algorithm flowchart is not clearly described.

(3) Shortest-Path-Based Traffic-Light-Aware Routing (STAR)

Multi-hop relaying among nodes is used to achieve packet forwarding in VANETs.
Features like frequent changes in topology and speed are the reasons due to which end
to end connectivity is not ensured in VANETs. VANETs have constrained mobility due
to speed limits, obstacles, and roads. The routing and forwarding schemes designed
for various situations (e.g., roadways, rural, or urban) may not be the same because of
different requirements. Numerous new routing protocols are designed to handle these
issues. Greedy forwarding, along with carry and forward, is one of the promising routing
strategies designed to solve the frequent disconnection issue in VANETs packet forwarding.

In this regard, the literature has proposed intersection-based routing protocols with
traffic lights considerations. The scenario for such schemes is an urban area with high node
density in which the nodes/car mobility pattern is stop-and-go. The carry and forward,
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besides the greedy forwarding mechanism, is used to deliver packets to the destination
nodes moving in between intersections. The decision of forwarding at an intersection is
either in a straight direction or diverted towards steep roads. The decision depends on the
destination location and road vehicle distribution. Here, the issue is the green and red lights
that control the traffic flow and consequently affect the VANET end-to-end connectivity.

The paper [61] tackles the problem with Shortest-Path-Based Traffic Light Aware Routing
(STAR), a novel intersection-based routing protocol for an urban area VANET. The Green-
Light-First (GLF) scheme does not ensure efficient performance. Red lights at intersections
increase vehicle density. The proposed scheme analyzes the gathered vehicles for link
connectivity probability. The proposed scheme performance is evaluated in terms of packet
delivery ratio and network latency against GyTAR, VVR, and GLF using the ns-2 simulator.

The scenario under consideration is defined with the author’s assumptions that have
missed some realistic traffic flow features. The direction of vehicles at the junction of green
and red lights is ignored. The density on red lights is high, but what is the probability
that the proposed scheme will always choose the nodes in the direction of the destination
for packet forwarding? The author rejects the GLF due to its occasional performance and
develops a scheme that is based on probability.

(4) Improved Geographic Perimeter Stateless Routing

The studies on VANET routing performance show that the position-based routing
strategy GPSR is more suitable for VANET routing as the simulation results show its better
performance in terms of packet delivery ratio and delay. Hence, many improvements and
variations in GPCR are proposed, such as GSR deploying GPSR in the city environment.
The Dijkstra algorithm identifies the shortest path between source and destination on
a digital map. GPCR is also based on GPSR with a modification in packet forwarding
strategy. GPCR does not forward the packets to the streets across junctions; instead, it uses
a greedy algorithm and forwards packets to the junction nodes. The Geographic Perimeter
Stateless Routing Junction+ (GPSR]+) [62] is another strategy based on GPSR that modifies
the perimeter mode to reduce the packet load at junctions. Brahmi et al. in [63] propose a
lifetime concept to minimize the effect of vehicle speeds on GPSR.

The strategy proposed in [64] suggests Hello Packet with the vehicle moving direction,
speed, density, and priority flag for adequate route assurance. Through Hello Packets, the
vehicle is informed about the neighbor’s location and neighbor future location. The node is
selected for forwarding packets based on one-hop neighbor priority. The GPSR is designed
for a generic ideal scenario and may suffer from local maxima. The proposed strategy
recovers the routes by buffering the preliminary data and forward route recalculation.

The proposed strategy does not consider the GPSR message delay. Some modified
and improved versions of GPSR, such as GSR, GPCR, and GPSR]+. The proposed strategy
was supposed to be checked against these improved strategies and GPSR. The Hello packet
will require extra bandwidth utilization, and due to Hello Packet traffic, the congestion
may occur that will result in message delay.

(5) A Hybrid Bio-Inspired Bee Swarm Routing Protocol (HyBR)

Designing an efficient routing protocol is a challenging task. The passengers need
real-time information from road safety services to make safe decisions. The two most
crucial requirements for this is maximum packet delivery ratio and end-to-end delay.
In sparse networks, when the source and destination are out of their respective radio
transmission range, V2V and V2I communication cannot satisfy the constraints of road
safety applications.

Hybrid Bee swarm Routing (HyBR) [65] is a unicast routing protocol proposed for
VANETs. It uses topology-based routing for the dense network and geography-based
routing for the low, dense networks inspired by the bees’ communication and bees” mar-
riage, respectively. It's a multipath routing protocol guaranteeing the VANET road safety
application requirements. The source initiates route request packets known as forwarding
scouts and sends these packets to its neighbors. The forward scouts move forward as the
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same process is repeated until it finds the destination or until a route to the destination
is discovered. When the route to the destination is discovered, a route reply known as
a backward scout is generated and is dispersed to the source. If the forward scout is
encountered with multipath discovery, the proposed strategy uses a genetic algorithm
(GA) to select an optimal route based on the geographic coordinates of the network. The
proposed approach is simulated for a realistic mobility model for end-end delay and packet
delivery ratio against AODV and GPSR routing protocols.

The proposed routing strategy selects an optimal route to the destination using GA,
which suffers from early conversion that may lead to non-optimal route selection. Secondly,
GA requires heavy processing and is not suitable for real-time applications. The proposed
strategy is not compared to the improved versions of AODV and GPSR.

(6) Improved Ad Hoc on-Demand Distance Vector (IAODV)

An efficient routing protocol for VANET is reliable, robust, and has minimum latency
and network load. In topology and position-based routing, the routing protocol forwards
the packets to the destination by using the intermediate nodes as a relay. Among other
topology-based routings, AODV is efficient in normalized routing load and packet delivery
ratio. Still, its performance is low in packet delivery ratio and end-to-end delay. On the
other hand, AOMDYV is efficient in minimizing packet drops, and DSR efficiently reduces
end-to-end delay. AODV can be a better routing choice in VANET if optimized for the
end-to-end delay and normalized network load.

An improved AODV (IAODV) is proposed in [66] to enhance overall routing perfor-
mance by combing the efficient features of AODV, DSR, and AOMDV. It provides a high
packet delivery ratio with minimum end-to-end delay. Further, it provides a route with
a minimum number of hops along with a backup route to the destination. The proposed
routing scheme is designed to modify the route request as a limited source of up to two
hops and reply for a backup routing procedure. In case of broken links or route failure on
the primary route, the packets are transmitted to the destination using the backup route. It
rediscovers the route if the backup route also fails in packet delivery. The overall working
mechanism can be divided into two phases, route discovery, and maintenance. The authors
simulate the proposed scheme for performance under a realistic city scenario using NS-2 as
a simulation tool.

The simulated scenario would be more realistic if varying vehicle density, varying active
connections, and variable vehicle mobility were accommodated into a single scenario. The
proposed routing scheme is a hybrid of AODV, DSR, and AOMDV. Its performance is supposed
to be checked against their performance, whereas it is simulated against AODV only.

(7) Adaptive State Aware Routing (ASAR)

Position-based routing protocol GPSR forward packets based on geographical location
using a greedy algorithm. It reduces the topology change’s effect, but suffers transmission
delay when the packets are sent to the sparse or low-density region. The GSR uses a city
map and discovers the shortest path to the destination using the Dijkstra algorithm. It
considers the junctions but not the connectivity resulting in packet loss. A-STAR considers
a region with bus routes as the density will be high on those routes. It labels every section
with weight and, using the Dijkstra algorithm, finds the shortest route to the destination.
A-STAR’s procedure to label sections with weight is static.

The issues described above are attempted to be addressed in [67], which proposes
Adaptive State Aware Routing (ASAR). The proposed scheme provides a high data rate
with low end-to-end delay and is free of the topology change effect. It collects the traffic
information from the roadside units at junctions. The roadside units use the transmission
delay model based on density to calculate the expected transmission delay. ASAR forward
data through the fixed road equipment are on a path that is determined as a low transmis-
sion delay path by the fixed units. The proposed scheme is simulated for the performance
evaluation against GSR and GPSR in terms of packet delivery ratio and end-to-end delay.
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The proposed scheme is based on the desired scenario with equally distanced junctions
throughout the city. The scheme is based on fixed equipment at junctions, but if the fixed
equipment is out of the source node’s transmission range, the route establishment policy of
the proposed scheme may not work. The scheme must be checked for routing overhead as
a model is used to estimate the route’s transmission delay.

(8) A Road Selection Based Routing in VANET

Dedicated Short Range Communication (DSRC) for VANET provides support for V2V,
V2I, and Infrastructure to Vehicle (12V) communication to make ITS service possible [68,69].
High mobility in VANETSs causes disconnection in communicating vehicles, resulting in a
disruption in ITS service. Network gaps affect the communication system’s performance
due to increased delay in data transmission. Topology-based routing protocols are not
suitable for VANETs due to dynamic topology. Position-based routing schemes are ideal for
VANETs where path maintenance is not required. The data transmission to the destination
in position-based routings is based on the position information.

Road selection-based routing, proposed in [70], predicts the network gaps in the route.
The proposed scheme is a novel scheme for data transmission without delay. Every road in an
operational environment is rated with expected delay in data transmission between junctions,
shortest paths, and average speed of the vehicles. A static controller node at the intersection
is used to calculate the ratings for connected roads. The proposed scheme proposes a path
recovery procedure to cover the link breakage problem caused by network gaps.

The proposed routing scheme rates the connected roads to the junction with the
shortest path, expected transmission delay, and average speed. If the destination node is
on a highway rated with high delay and long path, the data is supposed to be transmitted
in the direction of the destination regardless of the proposed scheme ratings. A load of
overall communication will be converged to the static node, which may cause high delay
and high routing overhead. The static node will gather the information to calculate road
ratings, which is an additional communication and computational overhead.

(9) Road Aware Routing Protocol (RAGR)

The geographical routing protocols possess multiple merits over topology based
routing protocols as they forward data toward long-distance destinations with significant
progress. Geographic routing protocols, however, have difficulty in identifying an optimal
path and picking the next most suitable hop because of the volatile nature of the links in the
urban scenario, intermittent connections, and signal attenuation. To overcome these issues,
it is necessary to design a routing protocol that considers the appropriate and adequate
metrics like distance, traffic density, and distance for forwarding data in the multi-hop
urban scenario and high mobilities in the VANET.

In [71], Road Aware Routing Protocol (RAGR) is proposed for forwarding data packets
in urban areas. Using distance, traffic congestion, and directional routing metrics, the
proposed protocol is designed to solve the packet loss and delay problems in urban VANETs.
RAGR uses distance and directional information to select the best node for forwarding
data in the network. It selects the next route at junctions on the basis of connection quality,
destination distance, and analysis of the vehicle density. The performance of the proposed
protocol is tested against GyTAR, SDR, and CGMR, using NS-2 simulator.

There are two processes in the proposed protocol: next forwarding node selection
and next route selection at the junction. The two operations require computation and a
set of information that can increase the overhead of routing. Maintaining the required
information requires additional communication.

(10) Stable Connected Dominating Set-Based Routing Protocol (SCRP)

The network environment is necessary for infotainment applications achieving higher
throughput and avoiding transmission delay in ad hoc vehicular network. This is not easy
to achieve in a city scenario, as estimating the density of vehicles in a region is difficult
because of variations in traffic flow between day and night and between downtown and
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suburban areas. The distribution of vehicles across different regions is uneven as the
density of vehicles converges at intersections. These challenges and obstacles in an urban
scenario make intersections ideal regions for making route decisions. A set of routing
protocols is proposed to address these observations in a greedy approach. In GPCR, GPSR,
and GSR, the routing decisions are based on the shortest path between the source and the
destinations. In RBVT, A-STAR, GyTAR [72], and IGRP [73], they select well-connected
road sections for forwarding packets to the destination. They suffer from the congestion
and local maximum problem because of the greedy approach.

Proposed in [74], the stable CDS-based routing protocol (SCRP) is a distributed geo-
graphic routing technique. The SCRP bases routing on a global network topology selecting
routes with minimal end-to-end delay. It computes end-to-end delay for a route prior to
the data being transmitted. In SCRP, the vehicle speed and spatial distribution are taken
into account to develop backbones on road segments using the Connected Dominating Set
(CDS). At intersections, a bridge node links the backbones and tracks delay using updated
network topology. SCRP uses such information and assigns a weight to each road segment.
It creates a route using low-weight road segments.

In the SCRP, no predefined mechanism is used for backbone maintenance. In a flat
network, scalability problems may be encountered due to the lack of routers and mobile
vehicles in VANETs. The local maxima issue of the greedy scheme is eliminated at the
expense of routing and computational overhead.

(11) Junction-Based Geographic Routing (JBR)

The topologies in VANETSs are not totally random, although they are dynamic. The
node’s movement in VANETSs is predictable as the movement is restricted to the layout of
the roads. This predictability is good for improving link selection, but the number of paths
to the destination decreases due to linear topology. VANETs are scalable networks, and in
an urban environment, the obstacles, junctions, and traffic jams cause bandwidth issues.
The success of VANET: lies in an appropriate routing protocol. The geographically based
routings are accepted as predominant as the restricted movement of nodes can be predicted
using street maps, navigation systems, and traffic models.

A geographical-based routing protocol is proposed in [75] that uses a greedy approach
to deliver data to the destination without delay. The proposed scheme forwards the data
packets towards the destination by the junction to junction forwarding strategy; therefore, it
is called Junction Based Routing (JBR). It invokes a recovery model when a local maximum
issue arises. The recovery model provides a safe and accurate solution to the problem. JBR
determines the next best hop selection using the minimum angle method.

It is an additional overhead to detect the local optimum problem and then call another
model for its recovery. There are many proposed improved versions of AODV and GPCR;
the proposed scheme performance needs to be checked against these improved versions and
the original GPCR. The street’s intersection and road junctions are not the same as they have
different node densities and distances between two consecutive intersections/junctions.

(12) Link State Aware Geographic Opportunistic Routing (LSGO)

The greedy forwarding strategy in geography-based routing makes hop transmission
closest to the destination. However, it faces the issue of link reliability due to the transmis-
sion range limitation of the communicating end nodes and their mobility. A forwarding
strategy is proposed in an opportunistic routing that utilizes the broadcast characteristic
and provides backup links for data transmission to improve the link’s reliability. It increases
the opportunities for the packet to be received. The opportunistic routing schemes have
variations in routing metrics considerations; the hop count, distance to the destination,
energy, and cost are the different routing metrics that have been given preference in various
schemes. Some of them combine geographical location with link-state information.

A link-state aware Geographic Opportunistic routing protocol (LSGO) is proposed
in [76] with a forwarding strategy based on link-state information and geographic location.
A mechanism is used to develop a set of candidate nodes. The candidate set is a list of
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forwarders selected based on the link’s quality and geographic location. The enhanced ETX
metric measures the link quality. ETX metric shows the expected number of transmissions to
choose the next hop. A timer-based scheduling method is used to prioritize the forwarders.
The proposed routing protocol can perform very well regarding the packet delivery ratio
and reliability of transmission links.

To provide backup links, multicasting to a group of neighbors is needed. This will
increase network routing overhead and usage of network resources. The link quality may
change over time due to variations in operational environments. The proposed scheme
needs to be checked for performance validation under different environmental scenarios.

(13) Link Reliability Based Greedy Perimeter Stateless Routing (GPSR-R)

GPSR studies carried out in [77] state that in VANETS, the nodes frequently reposition
themselves and may not be able to provide updated position information to the source
node; this may lead to wrong forwarding decisions. When the greedy forwarding fails,
the GPSR forward packets to the destination node using perimeter forwarding mode. The
perimeter forwarding causes an increase in end-to-end delay as it encounters a high number
of hops to reach the destination.

The authors in [78] present a reliability-based GPSR protocol (GPSR-R). The proposed
scheme is designed for the highway scenario. It checks the reliability of a communication
link by using the link reliability metric before selecting the one-hop forwarding vehicle.
It measures link reliability using an analytical model. The analytical model defines the
link duration probability by using the nodes’ direction and speed. The simulation results
show that the proposed scheme outperforms the conventional GPSR and provides high
throughput and packet delivery ratio.

The nodes are supposed to maintain a list of neighbors that will be updated period-
ically with beacons, which may cause communication overhead. The analytical model
computes link reliability for a communication link, which may cause computational over-
head and delay. The proposed scheme is validated under a specific scenario where all the
vehicles are moving in the same direction and do not interact with each other, which does
not reflect the real-world scenario.

(14) Link State Aware Geographic Routing Protocol (LSGR)

To evaluate the link’s quality [22], an expected transmission count (ETX) metric is
used. A smaller ETX value indicates a better link’s quality. It helps to select quality links
with high throughput, minimum transmissions, and retransmissions to deliver packets
hop-by-hop to the destination. The effectiveness of the ETX routing metric is shown in [22].
However, the ETX is mainly used in proactive and opportunistic MANET’s routings. The
issue with using ETX in geographic routing for VANET is that it could not be adopted in a
highly changing VANET environment.

The close nodes’ link provides a high packet delivery rate. The ETX value of such
links will be close to 1, but these links cannot contribute enough to the packet forwarding
towards the destination. As a result, a trade-off situation develops between the link’s
reliability and forwarding towards the destination.

The paper [79] proposes an expected one-transmission advance (EOA) routing metric
to enhance the greedy forwarding strategy. It modifies the greedy approach to choose a
neighbor whose EOA’s value is high as next-hop instead of a close neighbor. The high value
of EOA means high distance coverage of packets towards a destination in one transmission.
The proposed routing protocol is a link-state aware geographic routing protocol (LSGR)
that modifies the ETX for the VANET environment. The EOA routing metric is based on
this modified ETX. The EOA for nodes is updated periodically. LSGR increases network
throughput and reduces transmission delay. It is simulated against GPSRJ+ and GyTAR for
performance evaluation.

Strong predictions in VANET cannot be made because of its dynamic characteristics. A
greedy strategy is an optimization approach that needs intense care for its greedy criteria
selection because the greedy approach selects the better at local with the hop of best at global.
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The wrong selection criteria may lead to undesirable results, so GPSR suffers from the local
maximum problem. The proposed scheme uses EOA, which is based on probability.

(15) Cluster Based Routing Protocol (CBR)

The paper [80] proposes a Cluster-Based Routing (CBR) Protocol for VANETs. In CBR,
the geographical area is divided into square grids, and each grid is considered a cluster
head. The RSU is assumed to be a cluster head; in the absence of an RSU, a node from
the network is elected as a cluster head. The data are transmitted to the destination node
via neighbor cluster heads. In this way, the route discovery process will not be initiated
each time when a node wants to communicate its data. As the data is forwarded to the
cluster and then it is the responsibility of the cluster head to forward data packets to the
destination node. It saves the memory because the routing information is not stored in
every node.

It divides the geographic square area into grids, and each grid is considered a cluster,
but the scheme may not work when there is an irregular area instead of the square area.
The network overhead may increase when the scheme is applied to a scenario with an area
like a park where the roads are at the boundaries outside the parking area. Therefore, the
inner clusters with no members will be managed for no purpose. The simulation is not
conducted, and it is difficult to analyze the proposed scheme’s performance. The proposed
scheme cannot be implemented in a pure V2V communication scenario.

Table 8. Routing parameters of urban scenario with traffic signals/traffic based routing protocols.

Routing Parameters

Article Name of the Year of — -
Proposed Protocol Proposal MAC Protocol Tr;{r;;r;;ssmn OSpc eel;?;i(i’::l Speed No. of Nodes Topology Size
[32] P-GEDIR 2011 IEEE 802.11p 200 m Urban traffic NA 0-200 2000m x
scenario 2000 m
o 11,11.5,12, 500, 700, 900, 2000 m x
[33] GEDDAI 2012 IEEE 802.11 200 m Urban Mobility 15 1100, 1300 2000 m
) Urban scenario 2400 m x
[34] STAR 2012 IEEE 802.11b 250 m with traffic light 20-60 km/h 450 2400 m
35] Improved GPSR 2012 [EEE80211DCF  250m City scenario 10-50 m/s 100150 1(1)885“mx
Urban traffic 1000 m x
[36] HyBR 2013 IEEE 802.11 p 300 m o ario 0-20m/s 20-50 1000 m
City mobility 40 km/h and 1500 m x
[37] IAODV 2012 IEEE 802.11 250 m Y el 20-50 km /h 20-230 and 100 1500 m
[38] ASAR 2013 [EEE802.11DCF  250m Utban scenario 10-50 m/s 50-500 3200 m x
with junctions 4000 m
[81] Pro-AODV 2015 NA 250 m NA 40m/s 25-250 1050(?0Tnx
A Road Selection . . .
[40] Based Routing in 2015 NA 500 m City scenario with 74 g5, 20-100 2500m x
VANET junctions 3000 m
, IEEE 802.11b ) 3968 m x
[41] RAGR 2017 DCF 300 m Urban scenario 25-50 km/h 100-350 1251 m
[42] SCRP 2016 NA 250 m Urban scenario 30-80 km/h 150-600 7500 m x
7500 m
250 m, 1150 m x
[43] JBR 2013 IEEE 802.11p 500 m and City scenario 10.8-50 km/h 300 700 m
1000 m
[44] LSGO 2014 [EEE802.11DCF  250m Urban scenario 10-20 m/s 100-200 Zi’ggé“mx
10 source- 10 km
[45] GPSR-R 2015 IEEE 802.11 DCF 250 m Urban scenario 36-108 km/h destination pairs, :
p h
. X ighway
variable density
[46] LSGR 2014 [EEE802.11DCF 250 m Urban scenario 20-80 km/h 100-200 Zi’gg(;“mx
[47] CBR 2010 NA NA Urban scenario NA NA NA
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Table 9. Simulation parameters of urban scenario with traffic signals/traffic based routing protocols.

Simulation Parameters/Metrics

Referenced
Articl . . Packet Size Data Rate Traffic Channel Simulation o1
rticle Simulation Tool Compared to (Bytes) (kbls) Type Capacity Time Mobility Models
[33] OMNeT++ Flooding, AID and DBRS NA NA NA NA 100 s Urban Mobility
An urban area with
[34] Ns-2 VVR, GyTAR and GLF 512 2mb/s NA NA NA traffic lights
consideration
[32] MATLAB GEDIR NA NA NA NA NA NA
[35] anaand AODV and GPSR NA 2mb/s NA NA 100 City scenario
Urban traffic
[36] NS-2 AODV and GPRS 1000 1mb/s NA NA 500 s .
scenario
[37] NS-2.34 AODV 512 NA NA NA 4005 Manhattan
mobility model
[38] NS-2, GPSR, GSR 512 NA NA 2 mb/s 100 Urban scenario
vanetmobisim with junctions
y P-GEDIR, GyTAR, City environment
(401 MATLAB A-STAR and GSR 512 2mb/s NA NA NA with junctions
[41] Niﬁf‘éﬁ“&%m CGMR, SDR and GyTA 512 3mb/s NA NA 500 s Urban scenario
[42] NS'2'S%\OA\CI)E and iCAR, GyTAR and GPSR 512 NA NA NA NA Urban scenario
[43] NS-2 GPCR 512 6mb/s NA NA 1000 s City scenario
[44] NS-2 v 2.34 GPSRJ+ and GyTAR 512 NA NA 2mb/s 150 VanetMobiSim
mobility model
= GPSR, GPSR-L, AODV-R . .
[45] NS-2.33 and MOPR.GPSR 512 NA NA 2mb/s 200s Highway scenario
[46] NS-2 GPSRJ+ and GyTAR 512 NA NA 2mb/s NA VanetMobiSim
[47] NA AODV, DSDV and DSR NA NA NA NA NA City scenario
Table 10. Performance metrics of urban scenario with traffic signals/traffic based routing protocols.
Performance Metrics
Reference Packet End to Routing/Message/
. . End/Average Throughput Packetloss = Communication Other Metrics
Delivery Ratio
Delay Overhead
[33] No Yes No No Yes Collision, coverage
[34] Yes No No No No Network latency
. no. of h ted
[32] No No No No No Avg. no. of hops, expecte
one-hop progress
[35] Yes No No No Yes NA
[36] Yes Yes No Yes No Normalized overhead load
[37] Yes Yes No Yes No Normalized overhead load
[38] Yes Yes No No No NA
[40] No Yes No No No N/W gap encounter, no. of hops
[41] Yes Yes No No No NA
[42] Yes Yes No No No Control overhead, control packets
[43] Yes Yes No No No NA
[44] No Yes Yes Yes Yes NA
[45] Yes Yes Yes No No NA
[46] Yes Yes Yes No No Hop count

[47] Yes Yes No No No NA
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4.3.2. City Map Scenario

A city map scenario is based on a city map representing the real-world graphical repre-
sentation based on static information of the city [82]. The city map scenario includes streets,
bus lanes, service roads, and avenues. Many protocols are designed for this scenario, and
some are described below. Tables 11-13 shows routing parameters, simulation parameters,
and performance metrics of city map scenarios-based routing protocols respectively.

Table 11. Routing parameters of city map scenario-based routing protocols.

Routing Parameters

. Name of the Year of
Article Proposed Protocol Proposal MAC Transmission = Operational Speed No. of Topology
Protocol Range Scenarios Nodes Size
50-150 buses
[48] (ERBA) 2013 NA 500 m Real urban NA and 1.5 km
scenario 2 km
70-300 cars
Variable
30m Omni City map speed with 4500 m x
4] (GeoSpray) 2011 NA directional scenario avg speed = 100 3400 m
50 km/h
[50] OGPSR 2016 IEEE 802.11 NA Utbanmap 15 59 /s 50-125 500 m x
scenario 500 m
A VANET routing
based on the . . 3000 m x
[51] real-time road 2013 IEEE 802.11 250 m City scenario ~ 20-55 km/h 150-300 3000 m
vehicle density
. . 6-12 per 7000 x
[52] (iCAR) 2013 NA 250 m City map NA Jane,/km 7000 m2
Table 12. Simulation parameters of city map scenario-based routing protocols.
Simulation Parameters/Metrics
Referenced ; " ; - -
Article Simulation Tool Compared Packet Size Data Rate Traffic Channel Simulation Mobility
to (Bytes) (kb/s) Type Capacity Time Models
Real urban
[48] Ns-2.34 RSI(\)/[[S)S/B’ 512 128 NA NA 30 min constrained
mobility
GPSR,
[52] Mat lab GyTAR 512 12mb/s NA NA NA NA
Opportunistic Epidemic,
Network Spray and Citv ma
[49] Environment Wait, variable NA NA 45mb/s 6h scg;arif
(ONE) simulator PRoPHET
called VDTNsim  and GeOpps
[51] NS-2 GPSR NA 20-40 NA NA 200's City
environment
[50] NS-2 GPSR 512 NA NA NA 100's Urban map
scenario
Table 13. Performance metrics of city map scenario-based routing protocols.
Performance Metrics
Reference . End to End Routing/Message/
PaCk‘;:;:ieéwery Delay/Average Throughput Packet Loss Communication Other Metrics
Delay Overhead
[48] Yes Yes No No Yes NA
[52] Yes Yes No No Yes NA
[49] No No No Yes Yes No. of initiated bundles
[51] Yes No No No Yes NA
[50] No Yes Yes No Yes NA
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(1) Intersection-Based Connectivity Aware Routing iCAR

Intelligent Transportation System (ITS) applications are classified into one- and multi-
hop applications. One hop application is generally used to forward information to their
neighbor vehicles. Similarly, multi-hop applications are used to access the internet, vehicle-
to-infrastructure communication, and vehicle-to-vehicle communication. For VANETS, the
reliability of multi-hop applications depends heavily on effective routing. In the design of
an efficient multi-hop routing algorithm for VANET, the dynamics in topology are chal-
lenging. To handle these issues, Geographic Source-Routing GSR)[46], Car-Talk2000 [83],
GEOGRAPHIC-GPSR [56], A-STAR [84], Gy-TAR [85], EGy-TAR [86], STAR [61] and
NoW [87] routing protocols are proposed.

In routing schemes for VANETs, importance is given to dense highways in road
selection criteria. The result is an increase in congestion because the traffic load converged
to highways having high density. The node/vehicle itself is an obstacle, and the node’s
density may cause a communication failure. An intersection-based traffic-aware routing
protocol (iCAR) is proposed in [88]. iCAR aimed to improve overall performance in a city
environment using real-time traffic information and offline maps. iCAR routing choice
depends on nodes/vehicles density together with average transmission delay. It evenly
distributes the data packets in the VANET by ignoring the selection of dense highways
with high data load as a forwarding path.

The sparse traffic in VANET multi-hop communication may lead to frequent discon-
nections. The simulations are supposed to validate the performance of the parameters
mentioned above. Before claiming overall performance improvement, link breakage rates
must be checked for this protocol. Other parameters degradation costs are not desired to
improve one parameter.

(2) Energy-Efficient Routing Using Movement Trends ERBA

Obstacle constraints in an urban environment, topology fragmentation due to high
speed, roadways constrained topology, and GPS-enabled navigation are the prominent
features of VANETSs. Reliable, efficient, and stable routing is essential to benefit VANETs
applications. In this regard, new routing protocols have been developed recently. The
behavior of the drivers is critical in vehicle movement prediction. The studies have uncov-
ered that driver behavior depends on roads, vehicle category, income, education, age, and
sex [89]. It is generally believed that bus and private car drivers’ behavior is different. They
have different routines, routes, and speeds.

In [90], they propose an energy-efficient routing using movement trends (ERBA) based
on the vehicle’s mobility routine, driver behavior, and vehicle category. Public transport
such as buses have their fixed routes, whereas private cars’ movement is random. ERBA
examines link reliability by current/motion state and distance between neighbor nodes,
ensuring energy-efficient routing in VANETs. The ERBA finds enhancement in the overall
routing performance by examining the driving behavior and next directions.

The proposed scheme performance is not checked against the protocol of relevant
categories like Movement Prediction-based Routing (MORP). The vehicle’s speed is not
there in the simulation parameters. Bus speed is underestimated compared to cars, as most
urban areas have dedicated signals and traffic-free lanes for buses. Energy efficiency has
never been a worthy issue because vehicles are equipped with high-energy batteries and
charging generators.

(3) A Geographic Routing Protocol For Vehicular Delay-Tolerant Networks GeoSpray

The conventional routing suffers from the data delivery failure in opportunistic, par-
tially connected, intermittent, and sparse vehicular networks because they are designed for
fully connected VANETSs [91] to ensure end—-end connectivity along with semantics” support
of existing end-end applications and transports [92]. To cover this problem, VANETs use
the store-carry-and-forward (SCF) scheme. Instead, SCF does not consider path availability
in the current; it assumes path availability over time. Delay tolerant networks (DTNs)
utilize SCF for data delivery with maximum probability in sparsely connected VANET.
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The store-carry-and-forward mechanism is used in the architecture of vehicular delay-
tolerant networking (VDTN). The distinguishing feature of this architecture is the use of
out-of-band signaling, data, and control plane separation and IP over VDTN. Another
feature of this network is the asynchronous transmission of variable length IP packets
bundle. A control message is sent over the control plane to reserve a channel for the bundle
in advance. The DTN literature has many routing protocols based on a store-carry-and-
forward principle. The routing decision criteria and replication or forwarding strategy
differ among these protocols. In particular scenarios, each protocol has its strength.

In the proposed GeoSpray [93] routing protocol, the store-carry-and-forward principle
is used to deliver bundles. Here, the vehicle for data carriage is selected opportunistically.
For routing decisions, it utilizes the information provided by positioning devices. Multi-
hop routing uses multiple copy forwarding routing strategies to reduce end-end delay. The
intermediate node’s cheeks bundle for the clearance that they are not already delivered
to the destination. GeoSpray utilizes the network resources efficiently, hence resulting in
overall improved performance in terms of data delivery ratio and end—end delay.

The defined multiple-copy protocol strategy may result in an additional overhead as
the intermediate nodes will check every bundle to confirm that the bundle has not been
delivered. Additionally to processing overhead, it may cause delays as well. Scalability
and density are two essential factors in VANET routing protocol performance, which are
not considered in the simulated scenario; hence, the simulation results are not enough to
confirm consistent performance.

(4) Optimized Geographic Perimeter Stateless Routing OGPSR

Numerous routing techniques based on position are proposed in VANET. GSR was
developed for a city scenario, yet did not consider the intersection. GPCR is a greedy
based routing scheme that forwards the packet to a node at the intersection instead of
sending it across the intersections. While GPSR and the other position based routing
locating nodes using GPS are best suited for VANET. Thus, various enhancements to this
strategy are proposed. Greedy Perimeter Stateless Routing with Movement Awareness
(GPSR-MA) [94] takes into consideration speed, distance, node movement in making route
decisions. Another improvement to GPSR is proposed in [95] and uses a formula that
determines the forwarding node on the basis of triangular area and distance of the relay.
Moving Directional Based Greedy (MDBG) [96] routing resolves the direction problem in
greedy schemes. It uses destination requests, destination replies, and hello messages to
determine the direction of the nodes. At [64], the proposed technique picks an efficient
path using the hello packet. It resolves the problem of local maxima in GPSR, but the delay
is not considered here.

In greedy schemes, the optimized GPSR [97] proposal solves the problem to guarantee
the right selection in the appropriate direction. The criteria of greed in GPSR is finding
the proceeding node on the basis of distance towards the destination. Therefore, there
is a possibility of wrong selection in the wrong direction. To avoid this, an additional
parameter of direction is included in the selection criteria. To select the forwarding node
in the correct direction, OGPSR employs the arc tangent rule. For vertical and horizontal
measurements having two lanes each, the arc of the tangent is further used to improve the
greedy forwarding.

The authors discuss MDBG, GPSR-MA and other improved schemes of GPSR in the
related work. The proposed system will also be tested for its performance against these
improvements. The transmission range of the nodes is not specified in the parameters,
which makes it difficult to be analyzed for the outcomes of certain parameters. The
performance improvements in the city scenario are not remarkable.

(5) A VANET Routing Based on The Real-Time Road Vehicle Density

GPSR is a geographical-based routing protocol, and many of the recently proposed
routing schemes are based on it. GPSR utilizes immediate neighbor node information for its
greedy decisions to forward packets. In a region where the proposed greedy procedure of
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GPSR cannot forward packets, the packets are then forwarded along the region’s perimeter.
The driving habits, vehicle density, and high mobility challenges affect the performance of
GPSR in VANET. In a city environment, road layouts define the topology of the VANET.
The packets are forwarded to the destination using vehicles on the roads. In this scenario,
the performance of GPSR is not effective, as the greedy procedure may forward the packets
to a low-density region in the greed of the shortest path.

To overcome this issue, VANET routing based on the real-time road vehicle density in
a city environment is proposed [98]. It provides stable routing for V2V communication in a
city environment by considering high vehicle density regions for route establishment. The
vehicle density is measured by beacon messages and a road information table. The source
node can select a stable path for packet forwarding as it is aware of vehicle density on the
roads—the stable path to the destination results in minimum transmission delay.

The proposed scheme does not consider the direction of forwarding nodes, which
may lead to long path selection causing transmission delay. The authors of the proposed
scheme claim minimum transmission delay due to stable path selection in their routing
scheme, but the scheme is not checked for transmission delay. Secondly, they claim that the
proposed scheme performs better than other proposed variations to GPSR, such as CAR,
A-STAR, VADD, and SADV, whereas the claim is not validated through simulation. The
proposed scheme is validated through simulation for packet delivery ratio and routing
overhead against GPSR.

4.3.3. Urban Scenario with Streets

This scenario is also urban-based, explicitly considering the street’s environment. The
road vehicles have obstacles in-between, although they remain close to each other. The
restricted movement of vehicles affects the routing behavior of VANET routing protocols.
Tables 14-16 shows routing parameters, simulation parameters, and performance metrics
of urban scenarios with streets based routing protocols respectively.

Table 14. Routing parameters of urban scenarios with streets-based routing protocols.

Routing Parameters

Name of the Year of
Article Proposed Proposal MAC Transmission  Operational Speed No. of Topology
Protocol Protocol Range Scenarios P Nodes Size
Automatic e 1200 x
[53] tuned OLSR 2012 IEEE 802.11b 250 m Realistic city 10-50 km/h 30 1200 m2
Urban traffic
) IEEE 802.11b Lo 25,50, 75 500 m x
[54] (MAZACORNET) 2013 and 802.11p NA scenario with NA and 100 500 m
streets
Metropolitan 5-25 per 1000 m x
[55] (CAME) 2016 IEEE 802.11p 300 m environment 0-20m/s 100 m 1000 m
Table 15. Routing parameters of urban scenario with streets based routing protocols.
Simulation Parameters/Metrics
Referenced . Packet . . . -
Article Simulation . Data Rate Traffic Channel Simulation = Mobility
Compared to Size . .
Tool (kb/s) Type Capacity Time Models
(Bytes)
[53] Ns-2 NA NA NA NA 6mb/s NA NA
NS2, Vanet- AODYV,
[54] MobiSim  AMODV and 512 NA NA NA 2000 s NA
and AWK GPSR
NS-2, Metropolitan
[55] MOVE WPB, CLA-S 512 NA NA NA 100 s Environments
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Table 16. Performance metrics of urban scenario with streets based routing protocols.

Performance Metrics

Reference Packet End to End Routing/Message/
. . Delay/Average Throughput Packet Loss ~ Communication Other Metrics
Delivery Ratio
Delay Overhead

[53] Yes Yes No Yes No Normalized routing
load

[54] Yes Yes No No Yes NA

[55] Yes Yes No Yes No Control overhead,

control packets

(1) Automatic Tuned Optimized Link State Routing

Mobile ad hoc networks (MANET) routing protocols are unsuitable for VANET due
to high mobility in VANET. Optimized link state routing (OLSR) is a renowned routing
protocol in MANET. OLSR is still used in VANET deployment because of its adaptability to
the change in topology [98,99]. In this deployment, the congestion issue arises because of
routing control packets traffic.

In VANET, high mobility with limited Wi-Fi coverage leads to rapid changes in
topology and fragmentation issues. In such a scenario, routing data packets is challenging.
An efficient routing strategy is decisive in VANETs. Toutouh, J., J. Garcia-Nieto, and E. Alba
in [100] find the optimal configuration of the OLSR parameters by utilizing different
optimization techniques. The automatic OLSR is then checked for performance under
realistic VANET scenarios of the city.

Toutouh, J., J. Garcia-Nieto, and E. Alba in [100] Uses SA, DE, GA, PSO, RAND, and
REC heuristic algorithms to optimize the parameters for OLSR offline. OLSR parameters
are optimized for three different scenarios. The results show that one parameter is opti-
mized by one algorithm, and another algorithm optimizes another parameter. It means
one optimization technique cannot optimize all the parameters of the OLSR. This behavior
is different for different scenarios. Secondly, although the overhead optimization process
is offline, the scenarios must be pre-defined. If the vehicle attains a different scenario at
run time, then the OLSR behavior is not defined. The author says that the automatic tuned
OLSR is compared for performance with the standard one as in RFC 3626 OLSR and human
experts from state of the art. Still, the simulation results only show OLSR parameters” opti-
mization using different heuristic algorithms. A simulation for performance comparison
with other protocols is missing.

(2) Mobility Aware Zone Based Ant Colony MAZACORNET

VANET routing schemes can be recognized as a single path, carry and forward path,
or multipath routing. Ad hoc On-Demand Multipath Distance Vector (AOMDV) [101], S-
AOMDYV [52] and AODVM [102] multipath routing schemes are the enhanced versions of
AODV. These are non-scalable re-active schemes. SSAOMDV needs extra messages to enhance
route finding, and route failure may result in traffic congestion and bandwidth wastage.

Numerous research in MANET [103,104] validated that bio-inspired algorithms such
as ant colony optimization (ACO) can be used magnificently to design an efficient routing
algorithm. These schemes are more advantageous than other routing schemes [100,105].
The information is shared locally to minimize the control message overhead for upcoming
routing choices. If a link fails on the former selected route, these schemes find other paths
allowing us to choose another path.

Mobility Aware Zone-based Ant Colony Optimization Routing for VANET (MAZA-
CORNET) is a hybrid scheme [105] that was proposed in [106]. It divides the network
nodes into zones to efficiently utilize the bandwidth. MAZACORNET used a proactive
method for intra-zone communication and a reactive method for inter-zone communication
to identify routes. The congestion and broadcast messages are reduced because it uses
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native information stored in each zone. The vehicle’s mobility pattern, degree, speed, and
fading conditions are used to design a multipath routing scheme.

The authors of MAZACORNET claim that the mobility-aware ant colony optimization
routing algorithm for vehicular ad hoc networks (MAR-DYMO) [107] is the only nature-
inspired algorithm proposed for VANET. Still, its performance is not compared with the
proposed scheme. The suggested scheme is near cluster-based routing and is not compared
with the current cluster-based schemes. The velocity and communication range of vehicles
is not stated.

(8) Connectionless Approach for Vehicular Ad Hoc Networks in Metropolitan Environ-
ment Came

Many geographically routing techniques proposed for VANETSs create a source to des-
tination route. In these connection-oriented protocols, there is only one data transmission
route. The single established route may be interrupted due to the low density of vehicles.
More control messages must be sent by the protocol to restore the inactive route, which
may result in an end-to-end delay. The solution to these problems is proposed in [54,108]
in the form of multipath routing protocols. Again, the transmission of control packets is a
problem. Connectionless routing protocols are therefore proposed [109,110], where no route
needs to be established for the transmission of data. Relay nodes are chosen depending
on topology changes and mobility of vehicles, but even for these routing protocols, the
average end-to-end delay needs to be improved.

In [111], the author proposes a connection-less approach for VANETs in a metropolitan
scenario called CAME. Based on changes in the topology, different packet delivery strategies
are used in the proposed scheme, and it does not require a route to be specified in advance.
There are different routing strategies in this scheme for roads and junctions. A reference
line is developed by it to support the selection of the relay node and then the onward relays
to the destination. Similarly, source and destination nodes communicate with each other.
Likewise, it takes into account the flow of data and avoids congestion and disconnections
for assurance of the packet’s delivery. Thus, the time delay is minimized and the ratio of
packet delivery is increased with minimal control overhead.

However, extra computational overhead in the proposed system for mode selection and
location determination. This repeated process to select the next relay may result in time delay.
The average number of hops used in data transmission is an important factor to consider.

4.4. Grid Based Scenario

The grids display the perceived system’s axis [112]. The grid-based scenario represents
the grid of road lanes that intersect each other. The designing considerations of routing
protocols for this kind of scenario differ from different described scenarios. Tables 17-19
show routing parameters, simulation parameters, and performance metrics of grid-based
scenarios routing protocols respectively.

Table 17. Routing parameters of grid scenario-based routing protocols.

Name of the

Routing Parameters

. Year of
Article Proposed Proposal MAC Transmission Operational Speed No. of Topology
Protocol Protocol Range Scenarios Nodes Size
5 streets
horizontal 6.05 km x
[56] (RIVER) 2012 NA NA and vertical 11-51 km/h 100-300 6.05 km
400 apart
Urban with 700 x
[57] (GPGR) 2012 IEEE 802.11 125m traffic signals 0-80 km/h 100-200 1000 m2
An Efficient
Prediction- Roads grid 1000 m x
[58] BasedForwarding 2015 IEEE 802.11p 200 m scenario 5-20m/s 30 per km 1000 m

Strategy
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Table 18. Simulation parameters of urban scenario with streets-based routing protocols.

Simulation Parameters/Metrics

Referenced
Article Simulation Compared to Pgicr:t 112::: Traffic Channel  Simulation Mobility
Tool P Type Capacity Time Models
(Bytes) (kb/s)
GPSR, GPUR,
[57] Ns-2 GPCR 1000 NA NA 2mb/s NA NA
STAR, GPSR and
[56] NS-2 shortest-path 512 4 NA NA 200 s Streets scenario
VANET routing
58] NA NA 1024  2mb/s NA NA 4800's Manhattan
mobility model
Table 19. Performance metrics of urban scenario with streets-based routing protocols.
Performance Metrics
Reference Packet End to End Routing/Message/
. . Delay/Average Throughput Packet Loss Communication Other Metrics
Delivery Ratio
Delay Overhead
[57] Yes No No No No Link breakage rate
[56] No No Yes No No Forward per rgut,
rout transmit time
[58] Yes Yes No No No Average no. of hops

4.4.1. Grid-Based Predictive Geographical Routing GPGR

Vehicle-to-vehicle communication is a multi-hop communication between vehicles
with wireless connectivity and without some static infrastructure [113]. When a node
wants to communicate with another node in VANET, the relay nodes transmit the data
packets to the destination. The quick topology changes and other features of VANET, such
as the reserved movement of vehicles due to obstacles, and traffic signals in cities, cause
frequent link breakage [114]. Hence, existing MANET routing schemes are not appropriate
for VANET. Topographical routing scheme such as Greedy Perimeter Stat less Routing
GPSR) is more relevant in such scenarios [115]. Compared to predestination routing entries,
topographical forwarding only possesses information about their neighbors.

The problem with these topographical routing schemes is the local maxima triggered
during the relay node selection scheme, resulting in selecting the nearest node to the
destination node as a relay [116]. The GPGR scheme was proposed to handle these issues.
GPGR divides the roads into a two-dimensional grid using the map. GPGR uses a road
grid throughout the relay selection procedure and predicts the next geographic location
of the vehicle considering all probable node travels. The next geographic location of the
vehicle can be predicated, and an optimum relay vehicle is selected. NS2 was used for
simulation, and the performance was tested in terms of link breakage and delivery ratio
with the possibility of local maxima.

The routing scheme discussed above was based on a single/specific scenario, and a
high-speed VANET with dynamic topology features may operate in a different environment.
Two performance metrics were assumed during simulation, i.e., packet delivery and link
breakage ratio, but the processing overhead, latency, and delay should be carefully checked
to validate the performance. A VANET deployed for real-time applications may increase
latency using the earlier routing scheme.



Electronics 2022, 11, 2298

30 of 36

4.4.2. Reliable Inter-Vehicular Routing River

Performance in VANET routing is closely concerned with the availability of network
nodes for packet forwarding. No. of nodes per unit area density varies with the traffic
signals and stop signs, etc., in urban areas. In such a scenario, VANET forwards the packets
along the streets. The presence of a vehicle in the street is not always ensured as the
real-world scenario is not predictable and uniform. Due to construction, traffic rules, and
events, the situation varies with time, date, weather, and diversions. Routing protocols like
GSR and SAR [117] ignore these traffic considerations. A-STAR design considers the dense
vehicular scenario of bus schedules that is based on static traffic information. The network
is updated periodically against real-world changes. Network link breakage may occur
due to network gap, sparse density, and low transmission range of nodes. The change
in network density is dynamic and cannot be covered with static information. In STAR,
routing decisions are based on relative density around a vehicle. CAR [118] examines
neighbors’ density and controls beaconing to the neighbors to avoid congestion in a dense
network. SADV [119] determine densities by analyzing packet delay. Using an offline
map ACAR [115] divides the area into clusters and measures its connectivity probability.
VADD [120] adopts a carry-and-forward approach to cover disconnection in the network,
which causes delay.

Bernsen, J. and D. Manivannan in [121] propose a position-based routing protocol
named Reliable Inter-Vehicular Routing (RIVER). It monitors traffic and uses a greedy
strategy to forward packets on a determined, reliable route. Real-time traffic monitoring is
achieved by continuously transmitting probe messages in streets and examining adjacent
intersection communication. Instead of traditional network flooding or broadcasting that
causes congestion, RIVER determines route reliability by beacons, probes, and piggyback-
ing the route reliability data on routing messages. It recalculates the route dynamically at
any point as the message leaves the knowledge zone. The same procedure is adopted for
route recovery in case of link breakage.

The proposed routing scheme forwards messages on a route using a greedy approach;
if the selected path is not the shortest one, then a delay in delivery may occur. The scheme
performance is shown for a dense city environment and will not be as effective for other
scenarios. The packet delay is not measured in the simulation and may be greater than the
STAR, GPSR, and shortest path routing, as the number of hops in the proposed scheme are
comparatively high.

4.4.3. An Efficient Prediction-Based Forwarding Strategy

In VANET communication, if the distance between source and destination is high, the
number of relay nodes will be high. This may affect the packet delivery ratio in highly
mobile VANET due to link instability. The solution to this issue is addressed in different
research works on the cost of bandwidth resources and network capacity [41]. It affects the
VANET QoS efficiency. The improvement in path stability, lifetime, and minimum impact
of link breakage on data dissemination are the important design parameters that can ensure
reliable routing in VANET [32,122]. The minimum distance and relative mobility between
the two nodes lead to link robustness. A series of short links in a path makes it more
reliable with a low chance of breakage, but it increases the end-to-end delay and reduces
bandwidth efficiency. To resolve this trade-off, link lifetime prediction is a possible solution.
Roads and speed limits restrict mobility in VANET. The information can be obtained from
these predefine paths and speed limits to predict link duration.

The authors in [122] suggest a data forwarding strategy based on link duration pre-
diction. It solves the trade-off between link reliability and data transmission efficiency in
VANETs. The location and speed information is appended with periodic control packets in
existing inter-vehicle interactions to predict the link duration. The proposed scheme uses
the measured impact of velocity and distance over data transmission efficiency to optimize
the forwarding path selection. The proposed scheme introduces two-hop neighbor infor-
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mation to improve the path selection process further to select a reliable path. The proposed
routing strategy can be used in any routing protocol for performance improvement.

The proposed scheme is based on link duration predictions that increase the com-
putational overhead and may lead to high end-to-end delay. The proposed scheme is
not compared for performance against other relevant routing protocols. Along with loca-
tion and speed, change in direction at junctions is another important parameter for link
reliability that is not considered in the proposed strategy.

5. Modern Vanets Schemes
The modern techniques used for solving the issues of VANETS are discussed in this section.

A.  Software-Defined Networking

Software-Defined Networking (SDN) subdivides the communication protocol func-
tions into two modules, namely communication policies or routing decisions and data
forwarding. Policies in SDNs are centrally controlled, and policies are typically imple-
mented on fixed infrastructure/roadside units (RSUs) and not on mobile devices. These
mobile devices forward the data in accordance with the centrally defined policies. Open-
Flow [123,124] is the known protocol used for central control in SDN.

B. Named Data Networking (NDN)

Data content in NDN is named and not the end-to-end devices. The consumer in
NDN sends the interest packets, and the provider of the contents forwards the content data
after receiving the interest packets on the route where the interest packets were received
again. In VANET, this can serve various applications depending on the interests of the
consumers [125,126].

6. Conclusions and Future Work

The literature study of different VANET routing protocols shows that scenario-based
routing is another categorization of VANETSs routing protocols besides the design strategy.
This categorization not only provides an additional aspect for studying the VANETs routing
protocols, but also reveals that the requirements of routings are different for different scenar-
ios. Since these facts, we have developed a novel taxonomy for the VANET routing schemes
to facilitate the young researchers to study the schemes from their domain as literature.
However, the limitation of this study is that it only covers the conventional routing schemes.
In future studies, this categorization can be further improved by keeping all this taxonomy
in one category and the newly emerging schemes in other categories. Then, the fact sheet
is derived from the survey to show that different routing and simulation parameters are
considered for different scenarios, and the protocols are checked for different performance
metrics. In other words, a routing protocol designed for one scenario can be only suitable
for that scenario, and its performance in another scenario is not guaranteed. This finding led
us to the development of a dynamic routing protocol in future that ensures the consistent
performance throughout the operation regardless of the underlying operational scenario.
The researchers working on routing protocols in VANET are supposed to agree on a unified
standard that can ensure the quality of service throughout the vehicular ad hoc network
operation in the Intelligent Transformation System. It is shown in the literature that a
particular routing protocol cannot perform optimally in all scenarios or mobility models
(MM), but can outperform another protocol in the new topology and mobility model. In
the future, a dynamic routing protocol is required for the dynamics in topology, mobility
models, and network performance metrics. A reactive supervisory protocol is intelligent
enough to identify the operational environment and invoke such a protocol for further
communication that is best for the identified operating environment.



Electronics 2022, 11, 2298 32 of 36

Author Contributions: LW. and S.T.; methodology, LW.; software, LW. and M.A; validation, LW.
and F.U.; formal analysis, LW. and F.U.; investigation, M.K.; resources, M.K. and FU; data curation,
IL.W.; writing—original draft preparation, LW., EU. and M.K.; writing—review and editing, M.A.;
visualization, FU. and M.K,; supervision, S.T.; project administration, S.T.; funding acquisition, A.S.A.
and S.S.A. All authors have read and agreed to the published version of the manuscript.

Funding: Taif University Researchers supporting Project number (TURSP-2020/311): Taif University,
Taif, Saudi Arabia.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Boussoufa-Lahlah, S.; Semchedine, F.; Bouallouche-Medjkoune, L. Geographic routing protocols for Vehicular Ad hoc NETworks
(VANETs): A survey. Veh. Commun. 2018, 11, 20-31. [CrossRef]

2. Hadded, M.; Muhlethaler, P.; Laouiti, A.; Saidane, L.A. TDMA-Aware Routing Protocol for Multi-Hop Communications in
Vehicular Ad Hoc Networks. In Proceedings of the 2017 IEEE Wireless Communications and Networking Conference (WCNC),
San Francisco, CA, USA, 19-22 March 2017. [CrossRef]

3. Ashraf, S.A;; Blasco, R.; Do, H.; Fodor, G.; Zhang, C.; Sun, W. Supporting Vehicle-to-Everything Services by 5G New Radio
Release-16 Systems. IEEE Commun. Stand. Mag. 2020, 4, 26-32. [CrossRef]

4. Seliem, H.; Shahidi, R.; Ahmed, M.H.; Shehata, M.S. Drone-Based Highway-VANET and DAS Service. IEEE Access 2018, 6,
20125-20137. [CrossRef]

5. Cellular-Vehicle-to-Everything (c-v2x) Technologies. 2016, ].R.D. 2017. Available online: https://www.qualcomm.com/media/
documents/files/cellular-vehicle-to-everything-c-v2x-technologies.pdf (accessed on 2 November 2017).

6. Hasan, M.; Mohan, S.; Shimizu, T.; Lu, H. Securing Vehicle-to-Everything (V2X) Communication Platforms. IEEE Trans. Intell.
Veh. 2020, 5, 693-713. [CrossRef]

7.  Ghaleb, FA,; Zainal, A.; Rassam, M.A.; Mohammed, F. An effective misbehavior detection model using artificial neural network
for vehicular ad hoc network applications. In Proceedings of the 2017 IEEE Conference on Application, Information and Network
Security (AINS), Miri, Malaysia, 13-14 November 2017; pp. 1-5.

8.  Zhang, D.; Ge, H.; Zhang, T.; Cui, Y.-Y;; Liu, X.; Mao, G. New Multi-Hop Clustering Algorithm for Vehicular Ad Hoc Networks.
IEEE Trans. Intell. Transp. Syst. 2018, 20, 1517-1530. [CrossRef]

9. Sharef, B.T.; Alsaqour, R.A.; Ismail, M. Vehicular communication ad hoc routing protocols: A survey. J. Netw. Comput. Appl. 2014,
40, 363-396. [CrossRef]

10. Agarwal, A. Routing Protocol and Performance Modeling in Delay Tolerant Vehicular Networks. Ph.D. Thesis, Department of
Electrical and Computer Engineering Boston University, Boston, MA, USA, 16 October 2009.

11. V2X|IThe Future of Driving. 18 November 2015. Available online: https:/ /www.techpats.com/blog/v2x-the-future-of-driving-
through-v2v-and-v2i-standards/ (accessed on 2 November 2017).

12.  Amoozadeh, M.; Deng, H.; Chuah, C.-N.; Zhang, H.M.; Ghosal, D. Platoon management with cooperative adaptive cruise control
enabled by VANET. Veh. Commun. 2015, 2, 110-123. [CrossRef]

13. Misra, S.; Woungang, I.; Misra, S.C. Guide to Wireless Ad Hoc Networks; Springer Science & Business Media: Berlin/Heidelberg,
Germany, 2009.

14. Akyildiz, LE; Gutierrez-Estevez, D.M.; Reyes, E.C. The evolution to 4G cellular systems: LTE-Advanced. Phys. Commun. 2010, 3,
217-244. [CrossRef]

15. Abbasi, I.A.; Khan, A.S. A Review of Vehicle to Vehicle Communication Protocols for VANETs in the Urban Environment. Futur.
Internet 2018, 10, 14. [CrossRef]

16. Namboodiri, V.; Gao, L. Prediction-Based Routing for Vehicular Ad Hoc Networks. IEEE Trans. Veh. Technol. 2007, 56, 2332-2345.
[CrossRef]

17. Lee, K.C.; Lee, U.; Gerla, M. TO-GO: TOpology-assist geo-opportunistic routing in urban vehicular grids. In Proceedings of the
2009 Sixth International Conference on Wireless On-Demand Network Systems and Services, Snowbird, UT, USA, 2—4 February
2009. [CrossRef]

18.  Bedi, P, Jindal, V. Use of Big Data technology in Vehicular Ad-hoc Networks. In Proceedings of the 2014 International Conference on
Advances in Computing, Communications and Informatics (ICACCI), Delhi, India, 24-27 September 2014; pp. 1677-1683. [CrossRef]

19. Altayeb, M.; Mahgoub, I. A survey of vehicular ad hoc networks routing protocols. Int. |. Innov. Appl. Stud. 2013, 3, 829-846.

20. Wahid, L; Ikram, A.A.; Ahmad, M.; Ali, S.; Ali, A. State of the art routing protocols in VANETs: A review. Procedia Comput. Sci.
2018, 130, 689-694. [CrossRef]

21. Duarte, ]. D.M.G.; Kalogeiton, E.; Soua, R.; Manzo, G.; Palattella, M.R.; Di Maio, A.; Braun, T.; Engel, T.; Villas, L.A.; Rizzo, G.
A Multi-Pronged Approach to Adaptive and Context Aware Content Dissemination in VANETs. Mob. Netw. Appl. 2017, 23,
1247-1259. [CrossRef]

22.  Chen, Y.-S,; Hsu, C.-S.; Cheng, C.-H. Network mobility protocol for vehicular ad hoc networks. Int. J. Commun. Syst. 2013, 27,

3042-3063. [CrossRef]


http://doi.org/10.1016/j.vehcom.2018.01.006
http://doi.org/10.1109/wcnc.2017.7925601
http://doi.org/10.1109/MCOMSTD.001.1900047
http://doi.org/10.1109/ACCESS.2018.2824839
https://www.qualcomm.com/media/documents/files/cellular-vehicle-to-everything-c-v2x-technologies.pdf
https://www.qualcomm.com/media/documents/files/cellular-vehicle-to-everything-c-v2x-technologies.pdf
http://doi.org/10.1109/TIV.2020.2987430
http://doi.org/10.1109/TITS.2018.2853165
http://doi.org/10.1016/j.jnca.2013.09.008
https://www.techpats.com/blog/v2x-the-future-of-driving-through-v2v-and-v2i-standards/
https://www.techpats.com/blog/v2x-the-future-of-driving-through-v2v-and-v2i-standards/
http://doi.org/10.1016/j.vehcom.2015.03.004
http://doi.org/10.1016/j.phycom.2010.08.001
http://doi.org/10.3390/fi10020014
http://doi.org/10.1109/TVT.2007.897656
http://doi.org/10.1109/wons.2009.4801842
http://doi.org/10.1109/icacci.2014.6968352
http://doi.org/10.1016/j.procs.2018.04.121
http://doi.org/10.1007/s11036-017-0816-y
http://doi.org/10.1002/dac.2525

Electronics 2022, 11, 2298 33 of 36

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Mao, G.; Anderson, B.D.O. Graph Theoretic Models and Tools for the Analysis of Dynamic Wireless Multihop Networks. In
Proceedings of the 2009 IEEE Wireless Communications and Networking Conference, Budapest, Hungary, 5-8 April 2009;
pp. 1-6. [CrossRef]

Monteiro, J.; Goldman, A.; Ferreira, A. Performance Evaluation of Dynamic Networks using an Evolving Graph Combinatorial
Model. In Proceedings of the Performance Evaluation of Dynamic Networks Using an Evolving Graph Combinatorial Model,
Montreal, QC, Canada, 19-21 June 2006. [CrossRef]

Eiza, M.H.; Ni, Q. An Evolving Graph-Based Reliable Routing Scheme for VANETs. IEEE Trans. Veh. Technol. 2013, 62,
1493-1504. [CrossRef]

Wang, S.-S.; Lin, Y.-S. PassCAR: A passive clustering aided routing protocol for vehicular ad hoc networks. Comput. Commun.
2013, 36, 170-179. [CrossRef]

Kuhn, F,; Wattenhofer, R.; Zhang, Y.; Zollinger, A. Geometric ad-hoc routing: Of theory and practice. In Proceedings of the
Twenty-Second Annual ACM Symposium on Principles of Distributed Computing, Boston, MA, USA, 13-16 July 2003.

Yu, H.; Yoo, J.; Ahn, S. A VANET routing based on the real-time road vehicle density in the city environment. In Proceedings
of the 2013 Fifth International Conference on Ubiquitous and Future Networks (ICUFN), Da Nang, Vietnam, 2-5 July 2013;
pp. 333-337. [CrossRef]

Taleb, T.; Ochi, M.; Jamalipour, A.; Kato, N.; Nemoto, Y. An efficient vehicle-heading based routing protocol for VANET networks.
IEEE Wirel. Commun. Netw. Conf. 2006, 4, 2199-2204. [CrossRef]

Feng, K.-T.; Hsu, C.-H.; Lu, T.-E. Velocity-Assisted Predictive Mobility and Location-Aware Routing Protocols for MobileAd
HocNetworks. IEEE Trans. Veh. Technol. 2008, 57, 448-464. [CrossRef]

Menouar, H.; Lenardi, M.; Filali, F. Movement Prediction-Based Routing (MOPR) Concept for Position-Based Routing in Vehicular
Networks. In Proceedings of the 2007 IEEE 66th Vehicular Technology Conference, Baltimore, MD, USA, 30 September-3 October
2007; pp. 2101-2105. [CrossRef]

Eiza, M.H.; Ni, Q. A Reliability-Based Routing Scheme for Vehicular Ad Hoc Networks (VANETs) on Highways. In Proceedings
of the 2012 IEEE 11th International Conference on Trust, Security and Privacy in Computing and Communications, Liverpool,
UK, 25-27 June 2012; pp. 1578-1585. [CrossRef]

Kaiwartya, O.; Kumar, S. Guaranteed Geocast Routing Protocol for Vehicular Adhoc Networks in Highway Traffic Environment.
Wirel. Pers. Commun. 2015, 83, 2657-2682. [CrossRef]

Naumov, V.; Baumann, R.; Gross, T. An evaluation of inter-vehicle ad hoc networks based on realistic vehicular traces. In
Proceedings of the Seventh ACM International Symposium on Mobile Ad Hoc Networking and Computing 2006, Florence, Italy,
22-25 May 2006.

Torrent-Moreno, M.; Schmidt-Eisenlohr, F.; FiiSler, H.; Hartenstein, H. Packet Forwarding in VANETs, the Complete Set of Results;
Citeseer: State College, PA, USA, 2006.

Wang, W.; Xie, E; Chatterjee, M. An Integrated Study on Mobility Models and Scalable Routing Protocols in VANETs. In Proceed-
ings of the 2007 Mobile Networking for Vehicular Environments, Anchorage, AK, USA, 11 May 2007; pp. 97-102. [CrossRef]
Karnadi, EK.; Mo, Z.H.; Lan, K.C. Rapid Generation of Realistic Mobility Models for VANET. In Proceedings of the 2007 IEEE
Wireless Communications and Networking Conference, Hong Kong, China, 11-15 March 2007.

Choffnes, D.R.; Bustamante, FE. An Integrated Mobility and Traffic Model for Vehicular Wireless Networks. In Proceedings of
the Vehicular Ad-hoc Networks Workshop 2005, Cologne, Germany, 2 September 2005.

Lan, K.-C.; Chou, C.-M. Realistic mobility models for Vehicular Ad hoc Network (VANET) simulations. In Proceedings of the
2008 8th International Conference on ITS Telecommunications, Phuket, Thailand, 24 October 2008; pp. 362-366. [CrossRef]

Lee, K.C; Lee, U,; Gerla, M. Survey of routing protocols in vehicular ad hoc networks. In Advances in Vehicular Ad-Hoc Networks:
Developments and Challenges; IGI Global: Hershey, PA, USA, 2010; pp. 149-170.

Lin, YW.; Chen, Y.S; Lee, S.L. Routing Protocols in Vehicular Ad Hoc Networks: A Survey and Future Perspectives. J. Inf. Sci.
Eng. 2010, 26, 913-932.

Li, F; Wang, Y. Routing in vehicular ad hoc networks: A survey. IEEE Veh. Technol. Mag. 2007, 2, 12-22. [CrossRef]
Chennikara-Varghese, J.; Chen, W.; Altintas, O.; Cai, S. Survey of Routing Protocols for Inter-Vehicle Communications. In
Proceedings of the 2006 3rd Annual International Conference on Mobile and Ubiquitous Systems—Workshops, San Jose, CA,
USA, 17-21 July 2006.

Perkins, C.; Belding-Royer, E.; Das, S. Ad Hoc on-Demand Distance Vector (AODV) Routing; REC3561; University of Cincinnati:
Cincinnati, OH, USA, 2003.

Jaap, S.; Bechler, M.; Wolf, L. Evaluation of routing protocols for vehicular ad hoc networks in typical road traffic scenarios. In
Proceedings of the 11th EUNICE Open European Summer School on Networked Applications, Madrid, Spain, 6-8 July 2005;
pp- 584-602.

Lochert, C.; Hartenstein, H.; Tian, J.; Fussler, H.; Hermann, D.; Mauve, M. A routing strategy for vehicular ad hoc networks in
city environments. In Proceedings of the IEEE IV2003 Intelligent Vehicles Symposium, Columbus, OH, USA, 9-11 June 2003;
pp. 156-161.

Al-Rabayah, M.; Malaney, R. A New Scalable Hybrid Routing Protocol for VANETs. IEEE Trans. Veh. Technol. 2012, 61, 2625-2635.
[CrossRef]

Marina, MK; Das, S.R. Ad hoc on-demand multipath distance vector routing. Wirel. Commun. Mob. Comput. 2006, 6, 969-988. [CrossRef]


http://doi.org/10.1109/wcnc.2009.4917738
http://doi.org/10.1109/wimob.2006.1696378
http://doi.org/10.1109/TVT.2013.2244625
http://doi.org/10.1016/j.comcom.2012.08.013
http://doi.org/10.1109/icufn.2013.6614836
http://doi.org/10.1109/wcnc.2006.1696637
http://doi.org/10.1109/TVT.2007.901897
http://doi.org/10.1109/vetecf.2007.441
http://doi.org/10.1109/trustcom.2012.53
http://doi.org/10.1007/s11277-015-2562-4
http://doi.org/10.1109/move.2007.4300812
http://doi.org/10.1109/itst.2008.4740287
http://doi.org/10.1109/MVT.2007.912927
http://doi.org/10.1109/TVT.2012.2198837
http://doi.org/10.1002/wcm.432

Electronics 2022, 11, 2298 34 of 36

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Su, W.W.-L. Motion Prediction in Mobile/Wireless Networks; University of California Los Angeles: Los Angeles, CA, USA, 2000.
Abedi, O.; Fathy, M.; Taghiloo, J. Enhancing AODV routing protocol using mobility parameters in VANET. In Proceedings of
the 2008 IEEE/ACS International Conference on Computer Systems and Applications, Doha, Qatar, 31 March—4 April 2008;
pp. 229-235. [CrossRef]

Biradar, S.R.; Majumder, K.; Sarkar, S.K.; Puttamadappa, C. Performance evaluation and comparison of AODV and AOMDV. Int.
J. Comput. Sci. Eng. 2010, 1, 373-377.

Chen, Y,; Xiang, Z.; Jian, W.; Jiang, W. An improved AOMDYV routing protocol for V2V communication. In Proceedings of the
2009 IEEE Intelligent Vehicles Symposium, Xi’an, China, 3-5 June 2009; pp. 1115-1120. [CrossRef]

Chen, Y.; Xiang, Z.; Jian, W,; Jiang, W. A Cross-Layer AOMDYV Routing Protocol for V2V Communication in Urban VANET. In
Proceedings of the 2009 Fifth International Conference on Mobile Ad-hoc and Sensor Networks, Fujian, China, 14-16 December
2009; pp. 353-359. [CrossRef]

Maowad, H.; Shaaban, E. Efficient Routing Protocol for Vehicular Ad hoc Networks; Springer: Berlin/Heidelberg, Germany, 2012;
pp. 209-215. [CrossRef]

Liu, C; Shu, Y,; Yang, O.; Xia, Z.; Xia, R. SDR: A Stable Direction-Based Routing for Vehicular Ad Hoc Networks. Wirel. Pers.
Commun. 2013, 73, 1289-1308. [CrossRef]

Lochert, C.; Mauve, M.; Fiifiler, H.; Hartenstein, H. Geographic routing in city scenarios. ACM SIGMOBILE Mob. Comput.
Commun. Rev. 2005, 9, 69-72. [CrossRef]

Xiang, Y.; Liu, Z.; Liu, R.; Sun, W.; Wang, W. GeoSVR: A map-based stateless VANET routing. Ad Hoc Netw. 2013, 11, 2125-2135.
[CrossRef]

Al-Mayouf, Y.R.; Abdullah, N.F; Mahdi, O.A.; Khan, S.; Ismail, M.; Guizani, M.; Ahmed, S.H. Real-Time Intersection-Based
Segment Aware Routing Algorithm for Urban Vehicular Networks. In IEEE Transactions on Intelligent Transportation Systems; IEEE:
Piscataway, NJ, USA, 2018; Volume 19, pp. 2125-2141.

Raw, R.S; Das, S. Performance Analysis of P-GEDIR Protocol for Vehicular Ad Hoc Network in Urban Traffic Environments.
Wirel. Pers. Commun. 2011, 68, 65-78. [CrossRef]

Villas, L.A.; Ramos, H.S.; Boukerche, A.; Guidoni, D.L.; Araujo, R.B.; Loureiro, A.A. An Efficient and Robust Data Dissemination
Protocol for Vehicular Ad Hoc Networks. In Proceedings of the 15th ACM International Conference on Modeling, Analysis and
Simulation of Wireless and Mobile Systems, Paphos, Cyprus, 21-22 October 2012.

Chang, J.-J.; Li, Y.-H.; Liao, W.; Chang, L.-C. Intersection-based routing for urban vehicular communications with traffic-light
considerations. IEEE Wirel. Commun. 2012, 19, 82-88. [CrossRef]

Lee, K.C.; Haerri, J.; Lee, U.; Gerla, M. Enhanced Perimeter Routing for Geographic Forwarding Protocols in Urban Ve-
hicular Scenarios. In Proceedings of the 2007 IEEE Globecom Workshops, Washington, DC, USA, 26-30 November 2007;
pp. 1-10. [CrossRef]

Brahmi, N.; Boussedjra, M.; Mouzna, ]. Mobility Support and Improving GPSR Routing Approach in Vehicular Ad Hoc Networks.
In Proceedings of the 2008 New Technologies, Mobility and Security, Tangier, Morocco, 5-7 November 2008; pp. 1-6. [CrossRef]
Hu, L.; Ding, Z.; Shi, H. An Improved GPSR Routing Strategy in VANET. In Proceedings of the 2012 8th International Conference
on Wireless Communications, Networking and Mobile Computing, Shanghai, China, 21-23 September 2012; pp. 1-4. [CrossRef]
Bitam, S.; Mellouk, A.; Zeadally, S. HyBR: A Hybrid Bio-inspired Bee swarm Routing protocol for safety applications in Vehicular
Ad hoc NETworks (VANETS). ]. Syst. Arch. 2013, 59, 953-967. [CrossRef]

Sutariya, D.; Pradhan, S. An improved AODV routing protocol for VANETSs in city scenarios. In Proceedings of the IEEE-International
Conference On Advances In Engineering, Science And Management (ICAESM-2012), Nagapattinam, India, 30-31 March 2012.
Qin, H.; Yu, C,; Guo, L.; Zhou, Y. Adaptive State Aware Routing Protocol for Vehicle Ad Hoc Network in Urban Scenarios; Springer:
Berlin/Heidelberg, Germany, 2013; pp. 1376-1381. [CrossRef]

Booysen, M.; van Rooyen, G.-].; Zeadally, S. Survey of media access control protocols for vehicular ad hoc networks. IET Commun.
2011, 5, 1619-1631. [CrossRef]

Hafeez, K.A.; Zhao, L.; Ma, B.; Mark, ].W. Performance analysis and enhancement of the DSRC for VANET’s safety applications.
IEEE Trans. Veh. Technol. 2013, 62, 3069-3083. [CrossRef]

Bhoi, S.K.; Khilar, PM. A Road Selection Based Routing Protocol for Vehicular Ad Hoc Network. Wirel. Pers. Commun. 2015, 83,
2463-2483. [CrossRef]

Qureshi, K.N.; Abdullah, A H.; Altameem, A. Road Aware Geographical Routing Protocol Coupled with Distance, Direction and
Traffic Density Metrics for Urban Vehicular Ad Hoc Networks. Wirel. Pers. Commun. 2016, 92, 1251-1270. [CrossRef]

Nzouonta, J.; Rajgure, N.; Wang, G.; Borcea, C. VANET Routing on City Roads Using Real-Time Vehicular Traffic Information.
IEEE Trans. Veh. Technol. 2009, 58, 3609-3626. [CrossRef]

Saleet, H.; Langar, R.; Naik, K.; Boutaba, R.; Nayak, A.; Goel, N. Intersection-Based Geographical Routing Protocol for VANETs:
A Proposal and Analysis. IEEE Trans. Veh. Technol. 2011, 60, 4560—-4574. [CrossRef]

Togou, M.A.; Hafid, A.; Khoukhi, L. SCRP: Stable CDS-Based Routing Protocol for Urban Vehicular Ad Hoc Networks. IEEE
Trans. Intell. Transp. Syst. 2016, 17, 1298-1307. [CrossRef]

Tsiachris, S.; Koltsidas, G.; Pavlidou, E-N. Junction-Based Geographic Routing Algorithm for Vehicular Ad hoc Networks. Wirel.
Pers. Commun. 2012, 71, 955-973. [CrossRef]


http://doi.org/10.1109/aiccsa.2008.4493539
http://doi.org/10.1109/ivs.2009.5164438
http://doi.org/10.1109/msn.2009.30
http://doi.org/10.1109/icnsc.2012.6204918
http://doi.org/10.1007/s11277-013-1278-6
http://doi.org/10.1145/1055959.1055970
http://doi.org/10.1016/j.adhoc.2012.02.015
http://doi.org/10.1007/s11277-011-0439-8
http://doi.org/10.1109/MWC.2012.6155880
http://doi.org/10.1109/glocomw.2007.4437832
http://doi.org/10.1109/ntms.2008.ecp.64
http://doi.org/10.1109/wicom.2012.6478416
http://doi.org/10.1016/j.sysarc.2013.04.004
http://doi.org/10.1109/icca.2013.6564981
http://doi.org/10.1049/iet-com.2011.0085
http://doi.org/10.1109/TVT.2013.2251374
http://doi.org/10.1007/s11277-015-2540-x
http://doi.org/10.1007/s11277-016-3604-2
http://doi.org/10.1109/TVT.2009.2014455
http://doi.org/10.1109/TVT.2011.2173510
http://doi.org/10.1109/TITS.2015.2504129
http://doi.org/10.1007/s11277-012-0854-5

Electronics 2022, 11, 2298 35 of 36

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

Cai, X.; He, Y;; Zhao, C.; Zhu, L.; Li, C. LSGO: Link State aware Geographic Opportunistic routing protocol for VANETs. EURASIP
J. Wirel. Commun. Netw. 2014, 2014, 96. [CrossRef]

Fuifller, H.; Mauve, M.; Hartenstein, H.; Kdsemann, M.; Vollmer, D. Mobicom poster: Location-based routing for vehicular ad-hoc
networks. ACM SIGMOBILE Mob. Comput. Commun. Rev. 2003, 7, 47-49. [CrossRef]

Shelly, S.; Babu, A.V. Link Reliability Based Greedy Perimeter Stateless Routing for Vehicular Ad Hoc Networks. Int. ]. Veh.
Technol. 2015, 2015, 921414. [CrossRef]

Li, C.; Wang, L.; He, Y.; Zhao, C.; Lin, H.; Zhu, L. A link state aware geographic routing protocol for vehicular ad hoc networks.
EURASIP J. Wirel. Commun. Netw. 2014, 2014, 176. [CrossRef]

Luo, Y.;; Zhang, W.; Hu, Y. A New Cluster Based Routing Protocol for VANET. In Proceedings of the 2010 Second International
Conference on Networks Security, Wireless Communications and Trusted Computing, Wuhan, China, 24-25 April 2010.

Kabir, T.; Nurain, N.; Kabir, H. Pro-AODV (Proactive AODV): Simple modifications to AODV for proactively minimizing
congestion in VANETs. In Proceedings of the 2015 International Conference on Networking Systems and Security (NSysS), Dhaka,
Bangladesh, 5-7 January 2015. [CrossRef]

Goudarzi, F; Asgari, H.; Al-Raweshidy, H.S. Traffic-:Aware VANET Routing for City Environments—A Protocol Based on Ant
Colony Optimization. IEEE Syst. ]. 2018, 13, 571-581. [CrossRef]

Reichardt, D.; Miglietta, M.; Moretti, L.; Morsink, P.; Schulz, W. CarTALK 2000: Safe and comfortable driving based upon
inter-vehicle-communication. Intell. Veh. Symp. 2003, 2, 545-550. [CrossRef]

Seet, B.-C.; Liu, G; Lee, B.-S.; Foh, C.-H.; Wong, K.-J.; Lee, K.-K. A-STAR: A Mobile Ad Hoc Routing Strategy for Metropolis Vehicular
Communications; Springer: Berlin/Heidelberg, Germany, 2004; pp. 989-999. [CrossRef]

Jerbi, M.; Senouci, S.-M.; Rasheed, T.; Ghamri-Doudane, Y. Towards Efficient Geographic Routing in Urban Vehicular Networks.
IEEE Trans. Veh. Technol. 2009, 58, 5048-5059. [CrossRef]

Bilal, S.M.; Madani, S.A.; Khan, I.A. Enhanced junction selection mechanism for routing protocol in VANETs. Int. Arab . Inf.
Technol. 2011, 8, 422-429.

Festag, A.; Noecker, G.; Strassberger, M.; Liibke, A.; Bochow, B.; Torrent-Moreno, M.; Schnaufer, S.; Eigner, R.; Catrinescu, C.;
Kunisch, J. NoW-Network on Wheels”: Project Objectives, Technology and Achievements. In Proceedings of the 5th International
Workshop on Intelligent Transportation (WIT), Hamburg, Germany, 18-19 March 2008.

Alsharif, N.; Céspedes, S.; Shen, X.S. iCAR: Intersection-based connectivity aware routing in vehicular ad hoc networks.
In Proceedings of the 2013 IEEE International Conference on Communications (ICC), Budapest, Hungary, 9-13 June 2013;
pp. 1736-1741.

Shinar, D.; Schechtman, E.; Compton, R. Self-reports of safe driving behaviors in relationship to sex, age, education and income in
the US adult driving population. Accid. Anal. Prev. 2000, 33, 111-116. [CrossRef]

Zhang, D.; Yang, Z.; Raychoudhury, V.; Chen, Z.; Lloret, ]. An Energy-Efficient Routing Protocol Using Movement Trends in
Vehicular Ad hoc Networks. Comput. J. 2013, 56, 938-946. [CrossRef]

Yousefi, S.; Mousavi, M.S.; Fathy, M. Vehicular Ad Hoc Networks (VANETs): Challenges and Perspectives. In Proceedings of the
2006 6th International Conference on ITS Telecommunications, Chengdu, China, 21-23 June 2006; pp. 761-766. [CrossRef]
Zhou, L.; Zheng, B.; Geller, B.; Wei, A.; Xu, S.; Li, Y. Cross-layer rate control, medium access control and routing design in
cooperative VANET. Comput. Commun. 2008, 31, 2870-2882. [CrossRef]

Soares, V.N.; Rodrigues, J.J.; Farahmand, F. GeoSpray: A geographic routing protocol for vehicular delay-tolerant networks. Inf.
Fusion 2011, 15, 102-113. [CrossRef]

Granelli, F; Boato, G.; Kliazovich, D.; Vernazza, G. Enhanced GPSR Routing in Multi-Hop Vehicular Communications through
Movement Awareness. IEEE Commun. Lett. 2007, 11, 781-783. [CrossRef]

Ning, Z.; Jung, Y.; Jin, Y.; Kim, K.-C. Route Optimization for GPSR in VANET. In Proceedings of the 2009 IEEE International
Advance Computing Conference, Patiala, India, 6-7 March 2009; pp. 569-573. [CrossRef]

Jang, H.-C.; Huang, H.-T. Moving Direction Based Greedy routing algorithm for VANET. In Proceedings of the 2010 International
Computer Symposium (ICS2010), Tainan, Taiwan, 16-18 December 2010; pp. 535-540. [CrossRef]

Minn, A.Z.; Oo, M.Z. Angle-Aware Greedy Forwarding Algorithm for Vehicular Ad Hoc Networks. J. Comput. Sci. 2016, 2,
12-19. [CrossRef]

Chen, T.; Mehani, O.; Boreli, R. Trusted routing for VANET. In Proceedings of the 2009 9th International Conference on Intelligent
Transport Systems Telecommunications, (ITST), Lille, France, 20-22 October 2009.

Clausen, T.H.; Christopher, D.; Philippe, J.; Ulrich, H. The Optimized Link State Routing Protocol Version 2. No. rfc7181. 2014.
Available online: https:/ /www.rfc-editor.org/info/rfc7181 (accessed on 2 May 2022).

Toutouh, J.; Garcia-Nieto, J.; Alba, E. Intelligent OLSR routing protocol optimization for VANETs. IEEE Trans. Veh. Technol. 2012,
61,1884-1894. [CrossRef]

Marina, M.; Das, S. On-demand multipath distance vector routing in ad hoc networks. In Proceedings of the Proceedings Ninth
International Conference on Network Protocols. ICNP 2001, Riverside, CA, USA, 11-14 November 2001; pp. 14-23. [CrossRef]
Ye, Z.; Krishnamurthy, S.V.; Tripathi, S.K. A Framework for Reliable Routing in Mobile Ad Hoc Networks. In Proceedings of the
IEEE INFOCOM 2003, Twenty-Second Annual Joint Conference of the IEEE Computer and Communications Societies (IEEE Cat.
No.03CH37428), San Francisco, CA, USA, 30 March-3 April 2003.

Prasad, S.; Singh, Y.; Rai, C. Swarm based intelligent routing for MANETs. Int. |. Recent Trends Eng. 2009, 1, 153-158.


http://doi.org/10.1186/1687-1499-2014-96
http://doi.org/10.1145/881978.881992
http://doi.org/10.1155/2015/921414
http://doi.org/10.1186/1687-1499-2014-176
http://doi.org/10.1109/nsyss.2015.7043521
http://doi.org/10.1109/JSYST.2018.2806996
http://doi.org/10.1109/ivs.2002.1188007
http://doi.org/10.1007/978-3-540-24693-0_81
http://doi.org/10.1109/TVT.2009.2024341
http://doi.org/10.1016/S0001-4575(00)00021-X
http://doi.org/10.1093/comjnl/bxt028
http://doi.org/10.1109/itst.2006.289012
http://doi.org/10.1016/j.comcom.2007.12.006
http://doi.org/10.1016/j.inffus.2011.11.003
http://doi.org/10.1109/LCOMM.2007.070685
http://doi.org/10.1109/iadcc.2009.4809074
http://doi.org/10.1109/compsym.2010.5685455
http://doi.org/10.31357/jcs.v2i1.2722
https://www.rfc-editor.org/info/rfc7181
http://doi.org/10.1109/TVT.2012.2188552
http://doi.org/10.1109/icnp.2001.992756

Electronics 2022, 11, 2298 36 of 36

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

Wang, J.; Osagie, E.; Thulasiraman, P.; Thulasiram, R K. HOPNET: A hybrid ant colony optimization routing algorithm for mobile
ad hoc network. Ad Hoc Networks 2009, 7, 690-705. [CrossRef]

Royer, E.M.; Perkins, C.E. Multicast operation of the ad-hoc on-demand distance vector routing protocol. In Proceedings of the
5th Annual ACM/IEEE International Conference on Mobile Computing and Networking, MobiCom, Washington, DC, USA,
15-19 August 1999.

Rana, H.; Thulasiraman, P.; Thulasiram, R.K. MAZACORNET: Mobility aware zone based ant colony optimization routing for
VANET. In Proceedings of the 2013 IEEE Congress on Evolutionary Computation, Cancun, Mexico, 20-23 June 2013; pp. 2948-2955.
[CrossRef]

Correia, S.L.O.B.; Celestino, J.; Cherkaoui, O. Mobility-aware Ant Colony Optimization routing for vehicular ad hoc networks.
In Proceedings of the Mobility-Aware Ant Colony Optimization Routing for Vehicular Ad Hoc Networks, Cancun, Mexico,
28-31 March 2011; pp. 1125-1130. [CrossRef]

Lee, W.-I.; Chowdhury, S.I; Kee, G.-Y.; Baek, W.-S.; Pyun, J.-Y. Velocity Aware Multipath Distance Vector Routing Protocol for
High Mobility over Vehicular Ad-Hoc Networks. In Proceedings of the 2011 Fifth FTRA International Conference on Multimedia
and Ubiquitous Engineering, Crete, Greece, 28-30 June 2011; pp. 189-194. [CrossRef]

Lai, WK,; Yang, K.-T.; Li, M.-C. Bus Assisted Connectionless Routing Protocol for Metropolitan VANET. In Proceedings of the
2011 Fifth International Conference on Genetic and Evolutionary Computing, Kitakyushu, Japan, 29 August-1 September 2011;
pp. 57-60. [CrossRef]

Ho, YH. Connectionless Approach—A Localized Scheme To Mobile Ad Hoc Networks; University of Central Florida: Orlando, FL, USA, 2009.
Lai, WK,; Tai, C.K.; Wu, M.]. CAME, Connectionless Approach for Vehicular Ad Hoc Networks in Metropolitan Environments.
Wirel. Pers. Commun. 2016, 91, 403—418. [CrossRef]

Anadu, D.; Mushagalusa, C.; Alsbou, N.; Abuabed, A.S. Internet of Things: Vehicle collision detection and avoidance in a VANET
environment. In Proceedings of the 2018 IEEE International Instrumentation and Measurement Technology Conference (I2ZMTC),
Houston, TX, USA, 14-17 May 2018.

Tse, Q. Improving message reception in VANETs. In Proceedings of the International Conference on Mobile Systems, Applications,
and Services (MobiSys), Krakow, Poland, 15 May 2009.

Luo, J.; Gu, X,; Zhao, T.; Yan, W. A Mobile Infrastructure Based VANET Routing Protocol in the Urban Environment. Int. Conf.
Commun. Mob. Comput. 2010, 3, 432-437. [CrossRef]

Karp, B.; Kung, H.T. GPSR: Greedy perimeter stateless routing for wireless networks. In Proceedings of the 6th Annual
International Conference on Mobile Computing and Networking, Boston, MA, USA, 6-11 August 2000.

Cha, S.-H.; Lee, K.-W.; Cho, H.-S. Grid-Based Predictive Geographical Routing for Inter-Vehicle Communication in Urban Areas.
Int. J. Distrib. Sens. Netw. 2012, 8, 819497. [CrossRef]

Tian, J.; Han, L.; Rothermel, K. Spatially aware packet routing for mobile ad hoc inter-vehicle radio networks. In Proceedings of
the Proceedings of the 2003 IEEE International Conference on Intelligent Transportation Systems, Shanghai, China, 12-15 October
2003. [CrossRef]

Naumov, V.; Gross, T.R. Connectivity-Aware Routing (CAR) in Vehicular Ad-hoc Networks. In Proceedings of the IEEE
INFOCOM 2007—26th IEEE International Conference on Computer Communications, Anchorage, AK, USA, 6-12 May 2007;
pp- 1919-1927. [CrossRef]

Ding, Y.; Wang, C.; Xiao, L. A static-node assisted adaptive routing protocol in vehicular networks. In Proceedings of the
Thirteenth Annual International Conference on Mobile Computing and Networking and the 8th ACM International Symposium
on Mobile Ad Hoc Networking and Computing, Montreal, QC, Canada, 10 September 2007.

Zhao, J.; Cao, G. VADD: Vehicle-Assisted Data Delivery in Vehicular Ad Hoc Networks. IEEE Trans. Veh. Technol. 2008, 57,
1910-1922. [CrossRef]

Bernsen, J.; Manivannan, D. RIVER: A reliable inter-vehicular routing protocol for vehicular ad hoc networks. Comput. Networks
2012, 56, 3795-3807. [CrossRef]

Zhu, W.; Gao, D.; Foh, C.H. An Efficient Prediction-Based Data Forwarding Strategy in Vehicular Ad Hoc Network. Int. J. Distrib.
Sens. Netw. 2015, 11, 128725. [CrossRef]

Zhao, L.; Han, G.; Li, Z.; Shu, L. Intelligent Digital Twin-Based Software-Defined Vehicular Networks. IEEE Netw. 2020, 34,
178-184. [CrossRef]

Silva, F.A.; Boukerche, A ; Silva, T.R.; Cerqueira, E.; Ruiz, L.B.; Loureiro, A.A. Information-Driven Software-Defined Vehicular
Networks: Adapting Flexible Architecture to Various Scenarios. IEEE Veh. Technol. Mag. 2019, 14, 98-107. [CrossRef]

Sultana, R.; Grover, J.; Tripathi, M. Security of SDN-based vehicular ad hoc networks: State-of-the-art and challenges. Veh.
Commun. 2020, 27, 100284. [CrossRef]

Khelifi, H.; Luo, S.; Nour, B.; Moungla, H.; Faheem, Y.; Hussain, R.; Ksentini, A. Named Data Networking in Vehicular Ad Hoc
Networks: State-of-the-Art and Challenges. IEEE Commun. Surv. Tutorials 2019, 22, 320-351. [CrossRef]


http://doi.org/10.1016/j.adhoc.2008.06.001
http://doi.org/10.1109/cec.2013.6557928
http://doi.org/10.1109/wcnc.2011.5779289
http://doi.org/10.1109/mue.2011.42
http://doi.org/10.1109/icgec.2011.22
http://doi.org/10.1007/s11277-016-3467-6
http://doi.org/10.1109/cmc.2010.113
http://doi.org/10.1155/2012/819497
http://doi.org/10.1109/itsc.2003.1252743
http://doi.org/10.1109/infcom.2007.223
http://doi.org/10.1109/TVT.2007.901869
http://doi.org/10.1016/j.comnet.2012.08.017
http://doi.org/10.1155/2015/128725
http://doi.org/10.1109/MNET.011.1900587
http://doi.org/10.1109/MVT.2018.2867356
http://doi.org/10.1016/j.vehcom.2020.100284
http://doi.org/10.1109/COMST.2019.2894816

	Introduction 
	Vehicular Ad Hoc Network Role in Intelligent Transportation System 
	VANET Technology 
	MANET and VANET Technologies Comparison 
	Vanet Architectures 

	Routing Protocols in VANETs 
	Highway-Based Scenario 
	Enhancement in Network Mobility (NEMO) Protocol 
	Evolving Graph-Reliable Ad Hoc On-Demand Distance Vector (EG-RAODV) 
	Passive Clustering Aided Routing (PassCAR) 
	Road Vehicle Density Based VANET Routing 
	Ad Hoc On-Demand Distance Vector Routing Based on Reliability (AODV-R) 
	Ad Hoc On-Demand Distance Vector Routing Based on Reliability (AODV-R) 

	Hybrid of Highway and Urban/City Scenario 
	Hybrid Location-Based Ad Hoc Routing (HLAR) 
	Speed and Direction Based Ad Hoc On-Demand Multipath Distance Vector (SD-AOMDV) 
	Stable Direction-Based Routing (SDR) 
	Geographic Stateless VANET Routing (GeoSVR) 

	Urban Based Scenario 
	Urban Scenario with Traffic Signals/Traffic 
	City Map Scenario 
	Urban Scenario with Streets 

	Grid Based Scenario 
	Grid-Based Predictive Geographical Routing GPGR 
	Reliable Inter-Vehicular Routing River 
	An Efficient Prediction-Based Forwarding Strategy 


	Modern Vanets Schemes 
	Conclusions and Future Work 
	References

