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Abstract

Vehicular ad hoc networks (VANETS) are a new emerging recently developed
advanced technology that allows a wide group of applications related to pro-
viding more safety on roads, more convenience for passengers, self-driven
vehicles, and intelligent transportation systems (ITS). There are various
routing protocol categories used in VANETsS, like unicast, multicast, and
broadcast protocols. In unicast position-based protocols, the routing deci-
sions are based on the geographic position of the vehicles. This does not re-
quire establishment or maintenance of routes but needs location services to
determine the position of the destination. Non-delay-tolerant network pro-
tocols (non-DTN), also identified as minimum delay protocols, are aimed at
minimizing the delivery time of the information. Delay-tolerant protocols
(DTN) are used in a variety of operating environments, including those that
are subject to failures and interruptions and those with high delay, such as
VANETs. This paper discusses the comparison between non-DTN and DTN
routing protocols belonging to the unicast delay-tolerant position-based cat-
egory. The comparison was conducted using the NS2 simulator, and the si-
mulations of three non-DTN routing protocols and three DTN routing pro-
tocols were recorded. Simulation results show that the DTN routing protocols
outperform in delivery ratio compared to the non-DTN routing protocols,
but they lead to more average delay due to buffering, the processing algo-
rithm, and priority calculation. In conclusion, non-DTN protocols are more
suitable for the city environment since the distance between nodes is relative-
ly smaller and the variations in the network topology are slower than they are
on highways. On the other hand, DTN protocols are more suitable for high-

ways due to the buffering of packets until a clear route to destination is avail-
able.
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1. Introduction

Vehicular ad hoc networks (VANETS) are derived from the mobile ad hoc net-
works (MANETSs). VANETS are established especially for car-to-car communi-
cation (C2C) between moving vehicles and/or roadside units (RSUs). VANETS
allow for a wide group of applications that pertain to providing more safety on
roads, more convenience for passengers, self-driven vehicles, and intelligent
transportation systems (ITS) [1] [2].

Geographic routing protocols are considered more suitable for highly dynam-
ic environments, such as VANETSs. These protocols are commonly categorized
into DTN and non-DTN [3]. Vehicular delay-tolerant network (VDTN) pro-
tocols are specifically designed to handle network partitioning and disconnec-
tions mainly caused by frequent mobility and sparse topology [4]. Hence, the
packet delivery ratio in VDTN is more important than delay as these networks
are characterized by inadequate transmission opportunities and irregular con-
nectivity.

As the direct connection with a node in VDTN may not be possible because of
the restricted transmission range of roadside units (RSUs), vehicles may be con-
sidered an intermediate node to relay packets [5].

The automobile industry is currently motivated by the requirement of
self-driven vehicles; thus, there is a dire need for the exchange of information ve-
hicles to enhance the safety, security, and convenience of drivers and passengers
alike [3] [4] [5]. So far, we have three types of communications in VANETS,
namely vehicle-to-vehicle (V2V) communication (e, communication between
the self-driven vehicles themselves), vehicle-to-roadside infrastructure (V2I), and
roadside infrastructure-to-roadside infrastructure (12I).

Routing in vehicular ad hoc networks involves many challenges in light of
their specific features, such as the high mobility of vehicles, the topological dy-
namic changes, and the highly segregated network. These features are commonly
regarded as challenging in our pursuit to achieve a reliable, non-stop, and seam-
less way to communicate in the presence of moving vehicles.

In unicast routing protocols, data is transmitted from one source to one des-
tination. This is the basic unit protocol in ad hoc networks on which other types
of protocols are based. Subdivisions are further made from unicast routing pro-
tocols according to topology, position, cluster, and hybrid protocols.

In position-based routing protocols, all vehicles can recognize their own
locations and the geographic locations of their neighbor’s vehicle through po-
sition-pointing devices, such as a global positioning system (GPS). A GPS de-

vice does not make any routing table or exchange any information related to

DOI: 10.4236/ijcns.2022.151001

2 Int. J. Communications, Network and System Sciences


https://doi.org/10.4236/ijcns.2022.151001

A. M. Abdalla, S. H. Salamah

the status of the link with the neighbor vehicles; rather, it provides the infor-
mation used in making routing decisions. This type of routing provides better
performance because there is no need to create and maintain an overall route
path from the source vehicle to the destination vehicle. The position-based
routing protocols may be further categorized into non-delay-tolerant network
(non-DTN) routing protocols, delay-tolerant network (DTN) routing protocols,
and hybrid routing protocols.

The paper is organized as follows. Section I introduces VANET and different
routing protocols. Vehicular ad hoc networks are illustrated in Section II. Sec-
tion III discusses the issues related to routing protocols in VANETS. Section IV
introduces VANET' unicast position-based routing protocols. Sections V and VI
discuss DTN and non-DTN protocols. Section VII includes the simulation re-

sults and discussion. Finally, Section VIII presents the conclusions of the study.

2. Vehicular AD HOC Networks

Vehicular ad hoc networks (VANETS) can be classified as a subcategory of mo-
bile ad hoc networks (MANETS) that act between the moving vehicles on one
hand and the nearest fixed roadside units (RSUs) on the other. VANETS are a
high-end emerging technology, extensively used as means to provide more safety
on roads and more convenience for passengers; it also serves self-driven vehicles
and intelligent transportation systems (ITS) [1] [3].

Efficient routing protocols help make roads safer by rapidly disseminating in-
formation about the road conditions and traffic among the participating vehicles
within a very short period. VANETS also enable automation of both city and
highway applications so that vehicles can travel without receiving any assistance
from drivers. These applications were once fantasies yet have become realistic,
and the demand for them has risen. VANETSs has some specific unique chal-
lenging features, such as high mobility of vehicles, varying density of vehicles
based on time, highly segregated networks, frequent disconnections, and topolog-
ical dynamic changes [6]. It is a challenge to build strong networks between ve-
hicles and ensure continuous, secure, and reliable communication paths among
the neighbor vehicles in motion.

The Federal Communications Commission (FCC) has assigned a spectrum 75
MHz within 5.9 GHz band for vehicle-to-vehicle (V2V) and vehicle-to-roadside
(V2I) communication, known as dedicated short-range communications (DSRC).
In addition, the Institute of Electrical and Electronics Engineers (IEEE) is work-
ing on a standard for wireless access in vehicular environments (WAVE), known
as the IEEE 1609 family, which implies an architecture and a complementary,
standardized set of services and interfaces that jointly allow security for both
V2V and V2I wireless communications [6]. The basic components of VANETSs

are shown in Figure 1.

3. Vanets Routing Protocols

Achieving reliable and fast routing in VANETS: is the challenge we face consi-
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dering the unique specific nature and features of the network, such as a dynami-

cally changing topology, the high mobility of vehicles, and the highly partitioned

network. In the presence of fast-moving vehicles, it is quite challenging to ensure

reliable, continuous, and seamless communication [7]. Many external factors,

such as road topology, and internal factors, such as vehicle mobility, control the

performance of VANETS routing protocols, meaning that we are in dire need for

a highly adaptive approach to deal with the dynamic circumstances. This can

only be achieved by selecting the best routing strategies and using appropriate

transmission and mobility models. Types of VANETS routing protocols are illu-

strated in Figure 2.

Figure 1. Vehicular ad hoc networks.
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Figure 2. Types of VANETS routing protocols.
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3.1. Unicast Routing Protocols

Unicast routing protocols are commonly used to transmit data packets only
from one vehicle source to one vehicle destination. These protocols are especial-
ly beneficial because they support both personalized and commercial applica-

tions, such as multimedia access and internet connectivity.

3.2. Broadcast Routing Protocols

Broadcast routing protocols are the routing protocols most used by VANETS,
especially in safety-related applications. Among the remarkable techniques used
with broadcast routing protocols is flooding; however, blind flooding creates a
broadcast storm problem, meaning that the channel capacity is overloaded,
leading to channel congestion and ultimately affecting the reliability of commu-
nication. Therefore, broadcast protocols are suitable only for a network with a

limited number of vehicles [7] [8].

3.3. Multicast/Geocast Routing Protocols

Multicast routing allows for the transmission of messages from one source to a
group of target destination vehicles. An example of location-based multicast
routing is the geocast routing protocol, which aims to deliver information from
only one source vehicle to all other vehicles inside a specified geographical re-

gion called a zone of relevance (ZOR) [9].

3.4. Cluster Based Routing Protocols

In vehicular ad hoc networks, clustering refers to the virtual partitioning of dy-
namic vehicles into several groups. Here, we have a group of vehicles known as
clusters, and for each cluster, there is a cluster-head. Cluster-heads are assigned
several responsibilities: channel assignment for cluster members, spreading in-
ter-cluster traffic, scheduling intra-cluster traffic, and routing cluster members.

In this protocol, the cluster members take no part in routing [10].

4. Unicast Position-Based Routing Protocols

The most prominent of all VANETS protocols are the unicast routing protocols
in the ad hoc environment, on which other types of protocols are based. There
are a number of subcategories that derive from the unicast routing protocols,
based on topology, position, cluster, and hybrid protocols [11] [12].

Topology-based routing protocols proved to be unfeasible in VANETSs due to
the overheads related to the discovery of routes and the maintenance of routes in
the presence of moving vehicles. Vehicle mobility is one of the most important
factors affecting the VANET environment, as it leads to frequent network parti-
tioning and route disconnection, which entail a recalculation of the propagation
paths according to the new topology information.

In position-based protocols, the routing decisions are highly dependent on the

geographic position of the vehicles, which demands no establishment or main-
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tenance of routes but rather requires location services to determine the position
of the destination. Simple location services (SLS), reactive location services
(RLS), DREAM location services (DLS), and global positioning systems (GPS)
are some of the commonly used location services. In this protocol, data is trans-
mitted regardless of the digital map to the one-hop neighbor, being the closest to
the position of the destination vehicle. Therefore, beacon (Hello) packets with
the vehicle position information and other vehicle identification parameters are
frequently sent by each vehicle. Position-based protocols are suitable for VA-
NETs and are better than topology-based routing protocols since they offer a
higher delivery ratio in a highly mobile environment. Therefore, they have the
advantage of providing minimum delay in establishing the route path and also
achieve good scalability.

Greedy forwarding, contention-based forwarding, opportunistic forwarding,
trajectory-based forwarding, and hybrid forwarding are examples of forwarding
routing mechanisms used by position-based routing protocols.

In position-based routing protocols, with the use of through position-pointing
devices, such as GPS, all vehicles know their own positions and their neighbor
vehicle’s geographic locations. A GPS device does not create a routing table and
does not exchange connection status information with neighboring vehicles but
instead provides the information that is used in routing decisions. This type of
route provides better performance because it is not necessary to create and
maintain a total route path from the source vehicle to the destination vehicle.

Position-based routing protocols may be further classified into non-delay-to-
lerant network (non-DTN) routing protocols, delay-tolerant network (DTN)
routing protocols, and hybrid routing protocols [13] [14] [15] [16]. Figure 3 il-
lustrates the classification of position-based routing protocols. In this paper, our
focus is on the DTN routing protocols.

DTNs are used in a variety of operating environments, including those that
are subject to outages and interruptions and those with high delay, such as ve-
hicular ad hoc networks (VANETS).

Position-Based
Routing Protocols

Non-Delay Delay Tolerant Hybrid
Tolerant
GPSR, GSR, \‘ GeoSpary
A STAR, VADD, MOVE, GeoDTN+NAV
22%; CAR, GeOpps, ARBR,
GyT. AR MaxProp,
LOUVRE OPERA, PDVR

Figure 3. Classification of position-based routing protocols.
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Due to the limited transmission range of a RSU, remote vehicles may not be
able to connect directly to the RSU and therefore must rely on intermediary ve-
hicles to forward packets. During the message relay process, complete
end-to-end paths may not exist in highly segmented VANETSs. Therefore, the
intermediate vehicles must use a buffer to store and forward messages opportu-
nistically.

Through the bulffer, carry, and forward, the message can finally be delivered to
the destination, even if there is never an end-to-end connection between the
source and the destination. The main objective of routing protocols in DTN is to
maximize the probability of the delivery ratio to the destination while minimiz-
ing the end-to-end delay. In addition, vehicle traffic models are significant for
DTN routing in vehicle networks because the performance of DTN routing pro-
tocols is closely related to the population and mobility models of the network.

In dynamic network environments, an adaptive framework and VDTN
routing protocols are necessary to discover an appropriate next-hop forwarder
node from neighbor on the path toward the destination. This selection should be
made in a way that increases the data delivery probability with a reduction in the

delay time and that balances the network overhead.

5. Non-Delay-Tolerant Network (NON-DTN)

Non-delay-tolerant network protocols are also identified as minimum delay
protocols, and their goal is to minimize the delivery time of the information
from source node to the destination node. Non-DTN protocols are suitable for
use in real-time safety applications; they request a critical time response during
data distribution. End-to-end delay time in packets transmission is the main pa-
rameter in designing non-DTN protocols, and the shortest path method is
commonly implemented. However, the shortest path method may not always
guarantee faster delivery, especially when the traffic conditions are light.

The greedy forwarding technique is commonly used in VANETS, in which the
packet is forwarded to a neighbor node that is geographically closer to the desti-
nation node. The greatest problem occurs when a packet reaches a node that has
no neighbors closer to the destination. A local maxima problem occurs, and each
routing protocol in this group needs to apply its own recovery strategy to over-
come the local maxima problem. One of the earliest protocols used in greedy
protocols is greedy perimeter stateless routing (GPSR). GPSR makes greedy for-
warding decisions only by using instant information about the neighbors of the
routing vehicle in the network. When a local maxima problem occurs, GPSR
uses the perimeter forwarding technique for recovery. GPSR uses many models
for mobility prediction that consider the mobility of vehicle groups.

The GPSR routing protocol works well in highway environments but achieves
low performance in city environments. GPSR relies on a distributed algorithm
for graphs. For radio problems, such as tall buildings in urban areas, these algo-

rithms often partition an otherwise connected graph, making the delivery of
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packets impossible.

Geographic source routing (GSR) merges position-based routing with topo-
logical knowledge. GSR gets the position information of the destination node
using an RLS system and uses a city map for complete information of city to-
pology. Greedy perimeter coordinator routing (GPCR) also takes advantage of
the fact that city streets form a natural planner graph. GPCR improves GSR by
rejecting the use of an external street map. The protocol consists of two parts: a
restricted greedy forwarding procedure, which forwards the messages to the ve-
hicles at a junction, and a repair strategy, which is based on the topology of
real-world streets and junctions.

The anchor-based street and traffic-aware routing protocol (A-STAR) is de-
signed exclusively for inter-vehicular communication systems operated in the
city environment. A-STAR is dependent on data that is collected from city bus
routes to determine an anchor path from the source node to the destination
node with high connectivity for packet delivery [17]. The A-STAR routing pro-
tocol uses a more efficient recovery strategy for local maxima problems: It cal-
culates new anchor paths for recovery and declares the void area causing the lo-
cal maxima problem temporarily unreachable.

The connectivity-aware routing protocol (CAR) has distinctive features that
enable it to maintain the cache of optimal route paths between numerous source
and destination pairs. Predicting the position of the destination vehicle reforma-
tions route can be done by CAR in case there is a change in position [18].

The goal of the greedy traffic-aware routing protocol (GyTAR) is to achieve
efficient use of network bandwidth and aims to achieve reduced end-to-end de-
lay and packet loss. It adopts a new intersection-based geographical routing
protocol capable of finding robust routes in a city environment with multi-lanes
[19].

These protocols aim to transmit data packets to the destination as soon as
possible. The basic expectations in the greedy approach of non-DTN routing
protocols is that a vehicle transmits its packet to its neighbor, which is close to
the destination. However, the forwarding strategy might fail if the neighbors are
not closer to the destination than the vehicle. The individual recovery approach

must be applied to overcome such failures.

6. Delay-Tolerant Network (DTN)

The delay-tolerant network (DTN) is a network approach that uses a car-
ry-and-forward strategy related to a heterogeneous network to overcome the
frequent disconnection of network nodes. When a vehicle cannot contact to
other vehicles, DTN protocols store the packet information and then forward it
later when an opportunity appears.

DTN uses a carry-and-forward strategy to overcome frequent disconnections
of network nodes. In the carry-and-forward strategy, when a node cannot con-

tact other nodes, it stores the packet, and the transfer is done based on some
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metrics from the neighboring nodes.

Vehicle-assisted data delivery (VADD) is based on the carry-and-forward ap-
proach using the predictable mobility of vehicles [20]. The main problem is to
select a route for the forwarding path with minimal packet delivery delay using
information about traffic patterns and road layout.

The motion vector routing algorithm (MOVE) was proposed for specialized
sparse scenarios for V2I [21]. The MOVE algorithm uses knowledge of the ve-
locities and the paths of neighboring vehicles to predict which vehicle is actually
moving closest to an RSU destination. This algorithm assumes a network with
lower density, in which infrequent opportunistic routing decisions must be
made in a predictive manner. It is assumed that each vehicle knows its own di-
rection and position, and the destination (RSU) is assumed to be a fixed location
that is known globally. The current vehicular source node finds the closest dis-
tance between the current source and the destination along its path. The MOVE
algorithm uses two main messages, HELLO and RESPONSE, for the car-
ry-and-forward approach. The vehicle node regularly sends a HELLO beacon.
The RESPONSE message is sent by neighboring nodes to enable the current ve-
hicle to create the short route to the location along the path of the neighboring
vehicle. Then, the current source vehicle decides to forward the message while
establishing the current distance of each vehicle from the destination.

Geographic opportunistic routing (GeOpps) is considered a new type of de-
lay-tolerant routing algorithm that uses the information available from the na-
vigation system to route a data packet to a specific geographic location. This al-
lows the selection of vehicles to carry the information closer to the final destina-
tion of the packets. The node with the minimum arrival time is selected to for-
ward the packets. The GeOpps delivery rate depends on mobility patterns and
road topology but not on vehicle density [22].

The geographical spray in the VDTN (GeoSpray) protocol uses the principles
of single copy and single path GeOpps to carry out a multiple-copy, mul-
tiple-path routing approach [23].

Adaptive road-based routing (ARBR) assumes that each vehicle must know its
geographical position and direction through GPS and is equipped with digital
maps to select a road portion or an intersection [24]. The ARBR protocol uses
two mechanisms to increase the delivery ratio and reduce end-to-end delay:

1) Find a high-quality route for forwarding between the route-requesting ve-
hicle and the packet-forwarding vehicle along with the discovered route.

2) The stability of the routes is ensured by updating the route in the header of
the road response packet through intermediate nodes.

MaxProp is used for sparse networks with limited transmission possibilities. It
is based on prioritizing both the list of packets transmitted to others and the list
of packets to be dropped. It operates in three basic stages: neighbor discovery
stage, data transfer stage, and storage management stage [25].

Object pursuing based on efficient routing algorithm (OPERA) works in
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sparse situations, and it is applicable for both moving and fixed destinations
[26]. The optimization of decision-making at intersections is based on the con-
nectivity and feasibility metrics. By exploiting the related metrics, the next road
is selected to forward the packet to minimize the overall delay. Position-based
directional vehicular routing (PDVR) makes sure the packets can be sent to the
destination in an efficient and stable route. It selects the next-hop from the ve-
hicles traveling in the same direction as the forwarding vehicle based on their
angular direction relative to the destination.

OPERA works in sparse cases and can be used for both moving vehicles and
fixed destination (RSU). The optimization of decision-making at intersections is
based on the feasibility and the connectivity metrics. By taking advantage of the
associated metrics, to minimize the overall delay, the next street is selected to
forward the packet. PDVR ensures that the packets can be forwarded to the des-
tination in an efficient and stable route. Based on their angular direction relative
to the destination, it selects the next-hop from the vehicles traveling in the same

direction toward the destination as the forwarding vehicle.

7. Simulation Results and Discussion

Table 1 shows the parameters used in NS-2 simulation. These parameters were
used in [2] to study the performance of non-DTN routing protocols in terms of
percentage of delivery and End-to-End delay. In this paper the same parameters
were used to compare the performance of DTN and non-DTN routing proto-

cols.

Table 1. Simulation parameters.

Simulation parameters

Network simulator
Simulation Time
Map Size
Mobility Model
Vehicles speed
Number of vehicles
MAC protocol
Channel Capacity
Trans. Range
Traffic Model
Packet sending rate
Data packet size
Channel type
Antenna Model

NS-2 version 2.34
300 seconds
2000 m x 1500 m
M-Grid
20,40, 60, 80 km
100 - 300
802.11 DCF
2 Mbps
250 m
15 CBR connections
4 packets/second
128 bytes
Wireless channel

Omni directional
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Figure 4 shows the node density versus the packet delivery ratio for non-DTN
and DTN routing protocols. The packet delivery ratio for DTN is better than
that for the non-DTN routing protocol in all node densities. the reason is that
the DTN routing protocol delivers packets from the source to the destination
whenever the algorithm finds a robust route in between, thus increasing the
percentage of delivery ratio.

In addition, there is an overlap between GeOpps and GyTAR in node densi-
ties up to 250 vehicles/km?, and then GeOpps outperforms the GyTAR routing
protocol.

Figure 5 shows the node density versus the end-to-end delay. The perfor-
mance for non-DTN routing protocols is superior to the performance of DTN
routing protocols for all node densities. Delay routing protocols need to store
packets before forwarding them to the destination. As a result of packets buffer-
ing and decision-making in the algorithms, extra processing and buffering time

is needed compared to non-delay routing.
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Figure 4. Node density vs. percent of delivery ratio.
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Figure 5. Node density vs. end-to-end delay.
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8. Conclusions

Performance measurements for non-DTN and DTN position-based routing
protocols in VANETs depend on many factors, such as rapid topological
changes, the mobility of vehicles, vehicular density, and other driving environ-
ments. Performance metrics also depend on the appropriate use of the mobility
model and the propagation model. VANETSs routing protocols are expected to
perform well both in the city and on highways. In this paper, the two types of
protocols belonging to unicast position-based routing protocols are discussed.

Simulation was conducted on the NS2 simulator. Simulations of non-DTN
routing protocols (A-STAR, CAR, GyTAR) and DTN routing protocols (GeOpps,
GeoSpray, MaxProp) were carried out. According to the simulation results, the
DTN routing protocols outperform in delivery ratio compared to the non-DTN
routing protocols, but they lead to more average delay due to buffering, the
processing algorithm, and priority calculation.

In conclusion, non-DTN protocols are more suitable for the city environment
since the distance between nodes is relatively smaller and the variations in the
network topology are slower than they are on highways. On the other hand,
DTN protocols are more suitable for highways due to the buffering of packets
until a clear route to destination is available.
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