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 
Abstract—In this paper, we perform the investigation of some 

routing protocols in Vehicular Ad-Hoc Network (VANET) context. 
Indeed, we study the efficiency of protocols like Dynamic Source 
Routing (DSR), Ad hoc On-demand Distance Vector Routing 
(AODV), Destination Sequenced Distance Vector (DSDV), 
Optimized Link State Routing convention (OLSR) and Vehicular 
Multi-hop algorithm for Stable Clustering (VMASC) in terms of 
packet delivery ratio (PDR) and throughput. The performance 
evaluation and comparison between the studied protocols shows that 
the VMASC is the best protocols regarding fast data transmission and 
link stability in VANETs. The validation of all results is done by the 
NS3 simulator. 
 

Keywords—VANET, smart city, AODV, OLSR, DSR, OLSR, 
VMASC, routing protocols, NS3. 

I. INTRODUCTION 

ESEARCH on vehicle networks or inter-vehicular 
communications [1] began in Japan in the early 1980s 

with the Association of Electronic Technology for Automotive 
Traffic and Driving. Indeed, with the rapid development of 
wireless technologies, the number of publications in the field 
of vehicle networks has increased rapidly.  

Vehicle networks are an emerging technology integrating 
the latest communication techniques. Each node of the 
network is a vehicle equipped with one or more wireless radio 
interfaces. Vehicles communicate with one another thanks to 
this equipment. A network of vehicles provides, along the 
route, connectivity to the outside world via gateways to other 
networks and inter-vehicle communication for intelligent 
vehicles. 

The objective of the VANET networks [2] is to provide 
drivers and transport users with information on the state of 
road traffic, improving the efficiency of transport systems and 
ensuring the comfort and safety of users. Vehicle networks are 
a projection of Intelligent Transportation Systems (ITS) [3]. 
They have witnessed a great growth since their appearance. A 
lot of standard applications and routing mechanisms have been 
developed to contribute to the improvement of this new class 
of networks. In these networks, the collection of information 
can be done through different categories of sensors that can be 
fixed in a car, which offers the driver a lot of information and 
a better visibility of the road scene. A VANET provides 
communication between vehicles and road side units [4]. A 
new concept has recently appeared as smart cities [5], [6] that 
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include intelligent traffic management, where VANETs play 
an important role.  

Our simulation is based on the use of a Network Simulation 
(NS3) [7] tool utilizing realistic mobility traces of a 
Simulation of Urban Mobility (SUMO) [8] tool in order to 
compare the performance of vehicular routing protocols with 
node density effects for smart cities [9].  

The rest of the paper is organized as follows. Section II 
includes the VANET characteristics. The classification and 
descriptions of routing protocols are presented in Section III. 
Section IV gives comparative details as regards the throughput 
and the PDR as well as the results of the analysis part of our 
work. Section V concludes the paper. 

II. VANET CHARACTERISTICS 

As a subclass of Mobile Ad hoc Networks (MANETs) [10], 
vehicular networks represent specific characteristics. 
Moreover, vehicular networks are characterized by the high 
mobility of nodes linked to the high speed of cars, which 
makes the links between the vehicles too dynamic and 
unstable. This explains the hugely variant topology of 
vehicular networks. In this section, we present some properties 
and constraints concerning this type of network. 

A. Topology and Connectivity 

Like the MANETs, the VANETs are characterized by 
sporadic connectivity [11], [12], because a vehicle can join or 
leave a group of vehicles in a very short time due to high node 
mobility and speed, which leads to having a very dynamic 
topology. 

B. High Mobility 

Several factors can affect mobility in such networks [13] as 
road infrastructure, for example roads and highways. In 
addition, mobility in VANETs is directly related to the 
behavior of drivers and their responses to different and 
complex encountered obstacles or situations like accidents and 
traffic jams. 

C. Predictable Mobility 

A vehicle is forced to follow the path of the road. This 
predictable mobility makes it possible to predict the position 
and the displacement of a vehicle in the future [14]. 

D. Frequent Disconnected Network 

The density of a vehicle network varies greatly. A high 
density of vehicles allows the network to be connected, and 
therefore there is always a path between two nodes that wish 
to communicate. Conversely, a low density of vehicles results 
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in a high rate of communication disruptions, a longer delivery 
time if the vehicle keeps the packet, or even the impossibility 
for two vehicles to communicate. 

E. Energy and Storage Capacity 

Contrary to the context of MANETs, where energy 
constraints represent a challenge for researchers, the elements 
of the VANET have enough energy that can power the various 
electronic equipment of a smart car [15]. Thus, the nodes are 
supposed to have a large capacity for data processing and 
storage. 

III. ROUTING PROTOCOLS FOR VANETS 

The objective of a routing protocol is to establish routes 
between groups of nodes in order to ensure a continuous and 
efficient exchange of packets [16]. This protocol must take 
into account changes in the network topology, as well as other 
characteristics such as the bandwidth, the number of links, the 
energy limitation, the PDR and the throughput. With the 
emergence of these latter, a great deal of research has been 
carried out, especially in the field of routing. This research has 
developed several routing protocols.  

There are several criteria for designing and classifying 
routing protocols in ad-hoc networks: How is routing 
information exchanged? When and how are routes computed? 

In order to present the main routing protocols in VANETs, 
we have chosen to start by classifying the different protocols 
existing in the literature into two main families, as illustrated 
in Fig. 1. 

 

 

Fig. 1 General classification for routing protocols 

A. Non-Hierarchical Protocols 

Non-hierarchical protocols are broadly categorized into two 
types: reactive routing protocols and proactive routing ones. 

1. Reactive Routing Protocols 

On-demand driven protocols [17], the path is calculated 
only on demand, and the routing operation involves two steps: 
the route discovery of data routing toward a destination and 
the maintenance of existing routes for a changing network 
topology. We give in what follows two examples of reactive 
routing protocols: 

DSR: It [18] is based on the use of the source routing 
technique and it allows the network to be managed and 
configured an infrastructure. In this technique, the source 

determines the complete sequence of nodes through which the 
data packets will be sent.  

Before sending a data packet to another node, the sender 
broadcasts a Route Request (RREQ) packet. If the route 
discovery operation is successful, the transmitter will receive a 
Route Reply (RREP) packet that contains a sequence of nodes 
through which the destination can be reached. 

AODV: It [19] is a reactive protocol that essentially 
represents an improvement of the DSR algorithm. It reduces 
the number of message broadcasts by creating routes when 
needed. It maintains these routes as long as they are necessary 
for the source nodes. This protocol uses a sequence number in 
order to consider the different roads to have update roads and 
it builds roads by utilizing a RREQ/RREP cycle. When a 
source node wishes to establish a route to a destination for 
which it has not had a route yet, it sends an RREQ packet 
through the network. The nodes receiving this packet update 
their source information and establish pointers back to the 
source in the routing tables. A node receiving an RREQ packet 
will then issue an RREP packet if it is the destination or if it 
has a route to the destination with a sequence number greater 
than or equal to that taken from the RREQ packet. 

2. Proactive Routing Protocols 

In table-driven protocols, each node maintains one or more 
tables that contain routing information for all destinations 
[20]. This category of protocols requires a periodic exchange 
of control packets between the different nodes to maintain the 
routing tables. 

DSDV: It [21] is a table-driven routing scheme based on the 
classic idea of Bellman-Ford's distributed algorithm which has 
been modified to adapt to ad hoc networks. As it is a proactive 
protocol, each node has, at every moment, a complete view of 
the network. To do this, each node retrieves the distances 
separating it from every other node of the network and keeps 
only the shortest path. This is done through periodic 
exchanges of information on their respective routing tables. 
These exchanges are classified into two types:  
 Incremental updates for which only data that have had 

changes since the last update are sent. 
 Full dump for which the entire routing table is sent. 

OLSR: It [22] is a proactive protocol with a link state. The 
OLSR makes some improvements on the basic principle of the 
link state in order to achieve better performances in an ad hoc 
context: it minimizes the flooding of the network by reducing 
redundant retransmissions in the same region of the network 
and it reduces the size of packets being exchanged. To do this, 
the OLSR relies essentially on the notion of a Multi-Point 
Relay (MPR), which is a subset of one-jump neighbors. This 
MPR allows reaching all neighbors with two jumps. Thus, 
during a broadcast, all neighbors receive and process the 
message, but only the nodes chosen as MPRs retransmit it, 
hence considerably reducing the number of messages sent in a 
network. 

B. Hierarchical Protocol 

The ad hoc vehicle network suffers from discontinuous 
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connectivity and limited capacity. The VANET hierarchy 
provides solutions to these problems. This approach is well 
suited to the VANETs because the dynamics of vehicular 
traffic leads to the formation of groups at intersections or 
convoys on a highway. 

In the VANETs, the grouping criteria must take into 
account the particular dynamics of vehicle mobility like the 
VMASC [23] in VANETs. This protocol is based on the 
clustering technique. It calculates the least mobility between 
the current node and their neighbors based on the average of 
the relative speed of all vehicles in the same direction. It uses 
the notion of aggregated mobility to choose Cluster Heads 
(CHs) that select other CHs to forward packets.  

All nodes in a cluster can communicate with the CHs in a 
number of hops. By creating clusters of vehicles, the VMASC 
can maintain the link stability and ensure rapid data 
transmission, so we can control management functions and 
resource sharing in VANETs which are highly dynamic. 

In the following section, we will evaluate the performance 
of the representative protocols of these classes through 
simulations. 

IV. COMPARATIVE STUDY OF VANET ROUTING PROTOCOLS 

A. Parameter Settings 

As an initial evaluation, we implement all related modules 
under the NS3 simulator in order to test their performance. To 
simulate reality as much as possible, we use a model with 
several node densities for a smart city scenario. 

 
TABLE I 

SIMULATION SETUP 

Platform Ubuntu14.04 LTS 

NS version NS-allinone-3.26 

SUMO version Sumo-0.19 

Simulation time 300 s 

Topology size 3000 x 4000 m 

Routing protocols AODV, OLSR, DSR, DSDV, VMASC 

Data type CDR (Constant Data Rate) 

Data packet size 512 bytes 

MAC protocol IEEE 802.11 p 

Transmit power (dB) 7.5 

 

 

Fig. 2 Representative figure of geographical area and some cars [24] 
 
As depicted in Fig. 2, N vehicles move at a speed of 44 mph 

and communicate in an area of 3000 x 4000 m in a suburban 
section of Ariana, Tunisia. Table I lists the details of the 
simulation setup used in this comparative study. 

We evaluate the PDR and the throughput using these 
settings in three different densities: Case 1: Low density using 
20 vehicles Case 2: Medium density using 40 vehicles Case 3: 
High density using 80 vehicles. 

For each of the above cases, five routing protocols are 
investigated, which are the AODV, the OLSR, the DSR, the 
DSDV and the VMASC. 

B. Simulation Scenarios 

Our comparison aims to analyze the performance of the 
PDR parameter, which is the fraction of successfully received 
data packets by the total number of sent data packets. It 
represents the network ability for transporting the network 
packet load. It is one of the most important parameters of the 
quality of service.  

The usual calculation of this measurement system is in 
percentage (%) of the relative amount. A high rate identifies 
the improved reliability of the routing protocol as follows: 

 
PDR = Received Pkts / Sent Pkts 

 
The throughput is measured as bytes or kbytes per sec 

(byte/s | kbp/sec) and defines the rate at which information is 
sent through the network; i.e. it is a measure of how fast a 
protocol can actually send data through a network. 
Consequently, it shows successful deliveries of a protocol as a 
function of time. Thus, the protocol with the highest 
throughput is better. It can be calculated as follows:  

 
Throughput (kbps) = Size of received packets / (simulation 

start time-simulation end time) 

1. First Case (20 Vehicles) 

The performance of the AODV, DSR, OLSR, DSDV and 
VMASC routing protocols shows some differences in low, 
medium and high node densities. In a low density (20 nodes), 
we see in Fig. 3 (a) that the VMASC possesses a higher 
throughput with pause times. It reaches 650 kbps during 300s 
higher by 50 kbps compared to OLSR. The values for the 
AODV, the DSDV and the DSR are under 250 kbps.  

However, the VMASC high value is caused by intra-cluster 
and inter-cluster communication. For the same scenario, the 
DSDV, the DSR and the AODV have a lower PDR since they 
perform poorly when mobility is high, and it is caused by the 
use of different approaches for route maintaining compared to 
VMASC and OLSR as presented in Fig. 3 (b). 
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Fig. 3 (a) Throughput vs time for low node traffic (20 vehicles) 
 

 

Fig. 3 (b) PDR vs time for low node traffic (20 vehicles) 

2. Second Case (40 Vehicles) 

The simulation results are provided in Figs. 4 (a) and (b), 
which represents the PDR and the throughput of different 
protocols. In fact, the throughput of the hierarchical protocol is 
more efficient than the non-hierarchical protocols because 
clustering organizes vehicular wireless ad hoc networks to 
make the communication between vehicles more organized 
and rapid. 

Practically, in our scenarios, we increase the number of 
nodes, and so the VMASC performs better thanks to the CHs 
duration, the multi-hop communication and the link stability. 

3. Third Case (80 Vehicles) 

When the network size becomes larger and the mobility is 
high, its management becomes more difficult. Non-
hierarchical protocols work well when the network does not 
include a large number of nodes, unlike hierarchical protocols 
such as VMASC.  

The latter is used to partition the network into subsets to 
facilitate network management, especially routing in large 
networks, and to maintain link stability. 

 

 

Fig. 4 (a) Throughput vs time for medium node traffic (40 vehicles) 
 

 

Fig. 4 (b) PDR vs time for medium node traffic (40 vehicles) 
 
The graphs in Figs. 5 (a) and (b) demonstrate that the 

throughput and the PDR for VMASC are higher than other 
protocols. This is due to the CHs which are more powerful. 
VMASC experiences more traffic, reduces collision in 
wireless networks and transmits data rapidly compared to 
OLSR. Furthermore, this latter performs a better PDR and 
throughput in comparison with AODV and DSDV, whereas 
the DSR gives lower values for a high node density.  

The decline of some curves in the graphs is due to high 
node mobility and more traffic. 

To better show the performance of these routing protocols, 
we summarize in Figs. 6 (a) and (b) respectively, the PDR 
average and the throughput average for five routing protocols 
as a function of the number of nodes. 

The VMASC is a very efficient approach for improving the 
throughput and the PDR in realistic urban scenarios with high 
density and mobility. This is because it increases the multi-
hop clusters stability and decreasing the number of CH 
changes in VANET. 
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Fig. 5 (a) Throughput vs time for high node traffic (80 vehicles) 
 

 

Fig. 5 (b) PDR vs time for high node traffic (80 vehicles) 
 

 

Fig. 6 (a) Average throughput vs nodes 

 

Fig. 6 (b) Average PDR vs nodes 

V. CONCLUSION 

In this paper, we have evaluated hierarchical and non-
hierarchical routing protocols in VANET scenarios. We have 
first generated mobility scenarios using the SUMO tool, then 
the NS3 to evaluate the performance of all routing protocol 
were measured with respect to metrics like PDR and 
throughput in three cases: low, medium, and high traffic.  

The results indicate that the performance of the VMASC is 
better thanks to the CHs duration, the multi-hop 
communication and the link stability than AODV, OLSR, 
DSR and DSDV especially when the number of nodes in the 
network is higher. 

Finally, we have concluded in this comparative study that 
the hierarchical architecture is more advantageous than others 
in what relates to a well-structured network, a rapid data 
transmission, an easy network management and collision 
reduction in wireless networks. 
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