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ABSTRACT 
 

The Intelligent Transportation System (ITS) is a system which is able to exchange information between 
Vehicles, Roadside Units, Base Stations and Infrastructure to enhance the safety of transportation. It is also 
able to provide internet connectivity and many different services to the users. Vehicular Networks, provides 
Vehicle to Vehicle (V2V), Vehicle to Roadside (V2R) and Vehicle to Infrastructure (V2I) communications 
and it plays an important role in Intelligent Transportation System. Due to special characteristics of 
Vehicular Networks, QoS (Quality of Service) provisioning in these networks is a challenging task. QoS 
refers to the capability of a network to provide better service to selected network traffic over various 
technologies. In this paper we present a novel architecture and protocol stack which aims to improve QoS 
in Wide Vehicular Communications. 

Keywords: VANET, QOS, ITS, Protocol Stack, Wireless Networks. 
 
1 INTRODUCTION 

1.1 Intelligent Transportation System 

The Intelligent Transportation System is a system 
which is able to exchange different kinds of 
information of its moving objects and is based on the 
increasing demands of the transportation deve-
lopment. ITS converges remote sensing and 
communication technologies to improve safety of 
transportation and makes journey more enjoyable. 

As the objects are moving, wireless com-
munication technologies play an important role in 
this system. ITS integrates information, com-
munications, computers and other technologies and 
applies them in the field of transportation to build an 
integrated system of people, roads and vehicles by 
utilizing advanced data communication technologies 
[1]. It includes a broad variety of usage scenarios 
and user preferences and interests [2].  

1.2 Vehicular Ad-hoc Networks 

 The typical ITS scenario is land traffic on roads 
and the most common examples of ITS applications 
are the exchange of traffic information to provide 
roadside assistance, warning in case of emergencies 
and traffic jam. These services deal with data as, 
e.g. road condition, traffic light status and position 
of the single vehicle [2].   
    There are four typical ways of transportation, on 
the land by car or train, in the air or water. The 
most common traffic coming into our mind in 
combination with intelligent transportation systems 
is traffic on land.  
    Among the means of transportation, the most 
prominent are cars, at the present time cars and 
other private vehicles are used daily by many 
people. The biggest problem regarding the 
increased use of private transport is the increasing 
number of fatalities that occur due to accidents on 
the roads. In recent years traffic congestion and 
accidents, as well as environmental pollution 
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caused by road traffic and fuel consumption have 
become important global issues [3]. 

Vehicular networks are proposed to provide 
information exchange via Vehicle-to-Vehicle (V2V) 
and Vehicle to Infrastructure (V2I) communications. 

A Vehicular Ad-Hoc Network or VANET is a 
technology that uses moving vehicles as nodes in a 
network to create a mobile network, it turn every 
participating vehicle into a wireless router or node 
[4]. VANET is capable of enhancing driving safety 
by exchanging real-time transportation information 
and it should upon implementation, collect and 
distribute safety information to massively reduce 
the number of accidents by warning drivers about 
the danger before they actually face it [5]. The goal 
of these networks is improving the safety of 
transportation and traffic efficiency as well as 
providing internet services to vehicles. 

VANET has its own characteristics when 
compared with other types of MANETs, Authors in 
[6] have described the unique characteristic of 
VANET as follows: 

 

 Predictable mobility  

 Providing safe driving, improving 
passenger comfort and enhancing traffic 
efficiency. 

 No power constraints. 

 Variable network density 

 Rapid changes in network topology 

 Large scale networks 

 High computational ability 

The key role that VANETs can play in the 
realization of ITS has attracted the attention of 
major car manufactures and they continue to 
incorporate more and more technological features 
into their vehicles [4]. It is reported that over 50% 
of interviewed consumers are highly interested in 
the idea of connected cars, 22% of whom are 
willing to pay $30-65 per month for value-added 
connectivity services while on the road [7]. 
However, there are lots of challenges in this field. 
Authors in [6] listed the issues as follows: 

 

 Signal fading 

 Bandwidth Limitation 

 Connectivity 

 Small effective diameter 

 Security and privacy 

 Routing 

   Because of the challenges, limitations and new 
requirements in VANETs, the idea of 
Heterogeneous Vehicular Networking has emerged 
recently. 

 
1.3     Heterogeneous Vehicular Networks 

Authors in [3] define the term Heterogeneous 
Vehicular Networks (HVN) as follows: 

HVN integrates cellular networks with Ad-Hoc 
Networks which is a potential solution for meeting 
the communication requirements of the ITS. 
Although there are a plethora of reported studies on 
either DSRC or Cellular Networks, joint research of 
these two areas is still at its infancy. Emerging 
Heterogeneous Networks not only have the ability 
of providing wide-area coverage to all vehicles in 
large-scale networks, but also supports real-time 
safety messages distribution in local areas in order 
to reduce traffic accidents. Therefore, Heter-
ogeneous Vehicular Networks may well support the 
communication requirements of the Intelligent 
Transportation System. A car that takes part in such 
a network is equipped with a WLAN and cellular 
communication device [3]. 

 
 

Fig. 1. VANET Architecture [8]. 
 

The rest of this paper is organized as follows: In 
section 2 we present some proposed architecture for 
these networks while in section 3 QoS concepts are 
described. In section 4 we review previous works 
and in section 5 the proposed architecture and 
protocol stack are given before the conclusion and 
future works in section 6.  

 
2 ARCHITECTURE 

 
The  main architecture of ITS includes mobile 

nodes (vehicles), Base Stations (BTS, Access point, 
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Road Side Units etc.) and core network, Figure 1 
shows the main parts of ITS architecture. Authors 
in [6] describe the main system components as 
follows: Application Unit (AU), On Board Unit 
(OBU) and Road Side Unit (RSU).  

An OBU is a wave device usually mounted on-
board a vehicle used for exchanging information 
with RSUs or other OBUs. The OBU connects to 
the RSU or to other OBUs through a wireless link 
based on the IEEE 802.11 p radio frequency 
channel, and is responsible for the communication 
with other OBUs or with RSUs. 

The AU is the device equipped within the vehicle 
that uses the application provided by the provider 
using the communication capabilities of the OBU. 

The RSU is a wave device usually fixed along the 
road side or in dedicated locations such as at 
junctions or near parking spaces. The RSU is 
equipped with one network device for a dedicated 
short range communication based on IEEE 802.11 
p radio technology, and can also be equipped with 
other network devices so as to be used for the 
purpose of communication within the 
infrastructural network (Figures 2-4). Typically the 
RSU hosts an application that provides services and 
the OBU is a peer device that uses the services 
provided. The application may reside in the RSU or 
in the OBU; the device that hosts the application is 
called the provider and the device using the 
application is described as the user.  

 

 
Fig. 2. RSU extend the range of the ad hoc network 

[6]. 

      
Fig. 3. RSU work as information source [6]. 

 

 
Fig. 4. RSU provides internet connectivity to the OBUs 

[6]. 

Each vehicle is equipped with an OBU and a set of 
sensors to collect and process the information then 
send it on as a message to other vehicles or RSU 
through the wireless medium [6]. The main 
functions and procedures associated with RSU are: 

 Extending the communication range of the 
Ad-Hoc network by re-distributing the 
information to other OBUs and by sending 
the information to other RSU in order to 
forward it to other OBUs. 

 Running safety Applications 

 Providing Internet Connectivity to OBUs 

 

   However, this architecture could not support all 
requirements and applications, Therefore to remedy 
the drawbacks of existing vehicular networks, new 
ITS network architecture is needed in order to 
support various services under dense vehicular 
environments. Authors in [3] describe the 
framework of Heterogeneous Vehicular Networks 
(HVN) as follows: 
   As illustrated in Figure 5, a HVN is composed of 
three main components, namely a Radio Access 
Control (RAN), A Core Network (CN), and a 
Service Centre (SC). Service providers can often 
supply a variety of services to vehicular users 
through the SC. The CN is a key component of the 
HVN because it provide many important functions, 
such as aggregation, authentication, switching and 
so on. 
   Authors in [4] present an overview of integration 
of VANET and WIMAX. Architecture of VANET 
based on WIMAX consists of several logical 
network entities including subscriber station (SS) or 
Mobile Station (MS), Access Service Network 
(ASN) and Connectivity Service Network (CSN) 
[9], [10] as shown in Figure 6. The SS is for fixed 
device terminal and it is not required to support 
handover capability. The MS providing handover 
function is installed or embedded in car for 
VANET and it should support handover. ASN is a 
set of network functions to provide wireless 
connection and WIMAX system profile. These 
functions are including media access control for 
MS, transfer of authentication, authorization and 
accounting (AAA) messages by RADIUS or 
diameter preferred network discovery and selection, 
radio resource management and IP connectivity. 
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Fig. 5. Illustration of the unified HetVNET framework 
[3]. 

  ASN is composed of BS and ASN gateway which 
connects several BSs based on cell planning. Local 
server is required for VANET application. The 
local server processes collected information from 
the MSs in vehicles and sends warning messages to 
MSs [4]. The messages type depend on features, 
dangers of collisions, accident information and so 
on. CSN is a set of network functions that provide 
IP Connectivity service to MS. CSN comprise 
network elements such as router, gateway for 
internetworking and various kind of servers. These 
servers are including DHCP for IP address 
allocation, AAA proxy/server, user database, home 
agent for mobility management, central server for 
VANET application and so on [11]. 

     
3 QUALITY OF SERVICE 
 
   QoS is refers to the ability of a network to 
provide improved service to selected network 
traffic over various underlying technologies 
including frame relay, ATM, Ethernet and 802.1 
network, SONET, and IP-routed networks. QoS 
offers flexibility, scalability, efficiency, 
adaptability, software reusability, and 
maintainability. QoS is also defined as a set of 
service requirements that needs to be met by the 
network while transporting a packet stream from a 
source to its destination [12]. In fact it is the 
measure of how good a service is, as presented to 
the user [13]. QoS provisioning often requires 
negotiation between host and network, call 
admission control, resource reservation, and 
priority scheduling of packets [14]. QoS can be 
rendered in network thorough several ways, per 
flow, per link, or per node [14]. Characteristics of 
network such as lack of central coordination, 
mobility of hosts, and limited availability of 

resources make QoS provisioning very challenging 
[15]. In particular, QoS features provide improved 
and more predictable network service by providing 
the following services [16]: 
 

 Supporting dedicated bandwidth 

 Improving loss characteristics 

 Avoiding and managing network congestion 

 Shaping network traffic 

 Setting traffic priorities across the network  

   In order to provide QoS, some quantitative 
measures of what constitutes QoS must be defined. 
As mentioned above, QoS is quantitatively defined 
in terms of guarantees or bounds on certain network 
performance parameters. The most common 
performance parameters are the bandwidth, packet 
delay, jitter, and packet loss [17]: 
Bandwidth: The term bandwidth defines the 
transmission capacity of an electronic line. 
Theoretically, it describes the range of possible 
transmission rates, or frequencies. In practice, it 
describes the size of the pipe that an application 
program needs in order to communicate over the 
network .The significance of a channel bandwidth 
is that it determines the channel capacity, which is 
the maximum information rate that can be 
transmitted. The relationship between channel 
capacity and information transmission rate was set 
in the Information Theory of Claude Shannon in the 
1940s. According Shannon’s information theory, if 
information rate is R and channel capacity is C, 
then, it is always possible to find a technique to 
transmit information with arbitrarily low 
probability of error provided R≤C and, conversely, 
it is not possible to find such a technique if R > C 
[17]. 
Delay: Network delay is an important design and 
performance characteristic of a computer network 
or telecommunications network. The delay of a 
network specifies how long it takes for a bit of data 
to travel across the network from one node or 
endpoint to another. It is typically measured in 
multiples or fractions of seconds. Delay may differ 
slightly, depending on the location of the specific 
pair of communicating nodes. Although users only 
care about the total delay of a network, engineers 
need to perform precise measurements. Thus, 
engineers usually report both the maximum and 
average delay, and they divide the delay into 
several parts; Propagation delay, Transmission 
delay, Queuing delay and processing delay. 
Jitter: Jitter is defined as a variation in delay of 
received packets. The sending side transmits 
packets in continues stream and spaces them evenly 
apart. Because of network congestion, improper 
queuing, or configuration errors, the delay between 
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packets can vary instead of remaining constant 
[18]. 

Packet loss: Packet loss is another important QoS 
performance measure. Some applications may not 
function properly, or may not function at all, if the 
packet loss exceeded a specified number or rate. 
For example, when streaming video frames, after 
certain number of lost frames, the video streaming 
may become useless. This number 
may be zero in certain cases. Therefore, certain 
guarantees on the number of rate of lost packets 
may be required by certain applications for QoS to 
be considered. Packet loss can occur because of 
packet drops at congestion points when the number 
of packets arriving significantly exceeds the size of 
the queue. Corrupt packets on the transmission wire 
can also cause packet loss [17]. 

There are numerous levels of QoS those levels 
have been grouped into three main categories:  

Best Effort Services: Best effort is a single 
service model in which an application sends data 
whenever it must, in any quantity and without 
requesting permission or first informing the 
network. For best-effort service, the network 
delivers data if it can, without any assurance of 
reliability, delay bounds, or throughput. [16]. 

Integrated Services: Integrated service is a 
multiple service model that can accommodate 
multiple QoS requirements. In this model the 
application requests a specific kind of service from 
the network before it sends data. The request is 
made by explicit signaling; the application informs 
the network of its traffic profile and requests a 
particular kind of service that can encompass its 
bandwidth and delay requirements. The application 
is expected to send data only after it gets a 
confirmation from the network. It is also expected 
to send data that lies within its described traffic 
profile. [16]. 

Differentiated Services:  In this QoS level, no 
absolute guarantees are given. Rather, different 
priorities are assigned to different tasks. Hence, 
applications are grouped into different classes of 
priorities. Many application traffics work very well 
with this policy when absolute guarantees are not 
needed. For example, network control traffic should 
always be given higher priority over other data 
communications to ensure the availability of, at 
least, the basic connectivity and functionality at all 
times [17].  

Providing QoS support in Ad-hoc networks is a 
dynamic research area. These networks have certain 
inimitable   characteristics   that   façade   several 

 
 
 
 
 

intricacy in QoS provisioning. The characteristics 
that affect QoS provisioning in these networks are: 
Dynamic Varying Network Topology, Inaccurate 
State Information, Lack of Central Coordination, 
Error Prone Shared Radio Channel, Hidden 
Terminal Problem, Limited Resource Availability 
and Insecure Medium [14]. There are Approaches 
designed for QoS provisioning in MANETs but 
they are not suitable for VANET, because they do 
not consider the high mobility constraints and large 
scale node population [19]. QoS parameters such as 
throughput, latency, jitter, and packet loss are key 
requirements in VANETs [20].  Each application in 
VANET has its own requirements, for example; 
Safety warning applications should have minimum 
End to End (E2E) delay, because if a warning 
message receives at destination with high delay, 
that message could not be helpful for preventing an 
accident. Accordingly, packet loss and throughput 
are two other factors that are very important in 
active safety applications [13]. 
 
4 PRIVIOUS WORKS 
 
4.1  Improving QoS in VANET Using MPLS 

   Authors in [13] divide Vehicular 
Communications into two categories; Vehicular 
Ad-hoc Networks which includes V2I and V2V 
communications and Roadside Network which 
consists of Roadside Access Network (RAN) and 
Roadside Backbone Network (RBN). RBN 
represents the backbone network of RSUs, in which 
RSUs communicate with each other and with 
internet [21]. They assumed that each vehicle is 
covered by a base station, which has its own 
domain of service, and base stations are connected 
with a wired network named RBN and then, they 
used MPLS in wired domain. MPLS is a 
forwarding method which can assign packets to 
different forwarding equivalent class (FEC) for 
receiving the required service from the network to 
support QoS. MPLS is considered as layer 2.5 
protocol [21] and it is compatible with any layer 2 
technology, like Ethernet and ATM. They also used 
AODV as a wireless Ad-hoc routing protocol, 
because AODV imposes less overhead to the 
network. Finally they used SUMO [22] to design 
Manhattan mobility model and then they exported 
the output of SUMO to NS2.34 for the main test. 
Results showed that higher reliability in terms of 
E2E delay, packet loss and throughput is achieved.   
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Fig. 6. Vehicular Communication Pattern in [13]. 

 

Fig. 7. End to End delay [13]. 

 

Fig. 8. Packet loss [13]. 

 

Fig. 9. Throughput [13]. 

4.2 Utilizing Mobile IP, MPLS to Improve QoS in 
VANET 

   Mobile IP is the current standard for supporting 
IP mobility of mobile nodes in the wireless network 
with infrastructure [23]. Mobile IP enables the 
mobile node to access internet and changes its 
access point without losing the connection [23]. 
Mobile node (MN), Home Agent (HA), Foreign 
Agent (FA) and Care-of-Address (CoA) are main 
components of Mobile IP. When the MN moves 
away from HA to the foreign network, a CoA is 
assigned to it in order to inform the HA of its 
current location. This operation enables MN to send 
and receive at any location without going through 
HA [24]. Authors in [24] used Mobile IP, MPLS 
based backbone and AODV routing protocol to 
improve the QoS in VANET. In order to connect 
vehicles that are mobile nodes, to the internet with 
QoS support in city areas, they used city which was 
simulated in [13] with SUMO [25] and then they 
exported the outputs of SUMO to NS.2.34 to 
implement the communication network. Their 
results showed that using Mobile IP doesn’t have 
positive affect on delay but packet drops and losses 
is decreased and throughput is also improved.  

 

Fig. 10. Delay [24]. 

 

Fig. 9. Packet loss [24]. 
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Fig. 10. Throughput [24]. 

4.3 Improving the Quality of Service in the 
VANET by Detecting and Removing Unused 
Messages 

   Authors in [26] tried to increase the performance 
of the VANET by removing the useless or unused 
packets. For this paper they considered the 
following scenarios: 
   Scenario 1: consider a highway that has at least 
two lines for car traffic (Figure 11). Suppose that 
car 1 brake abruptly. In this vehicle, Emergency 
Electronic Brake light Application sends a message 
in its area. In this way other vehicles that receive 
the message must have a proper reaction. Vehicles 
that are in the same line and are behind the car1 – 
such as 4 and 5 – after receiving and processing of 
the received message from car 1 they must reduce 
their speed [26]. Although car 3, 6, 7, 8 and 2 
receive these messages and after receiving the 
safety message they can remove it. In this special 
safety application, the position of vehicles has 
influential effect on their reactions [26]. According 
to this scenario if car 3 brakes and sends a safety 
message, car 1, 4 and other cars receive this 
message, but according to their position they do not 
have to do any reaction. So all cars which receive 
this message do not need to process it and without 
any processing they can drop it. If we do not have 
this idea, each car which receives the safety 
message should process it and according to the type 
of that message, each car should do a reaction [26]. 

 

Fig. 11. Impact of vehicles position [26]. 

   

Scenario 2: In this scenario as shown in Figure 
12, suppose that car 1 brakes abruptly and sends a 
safety message over its area.  

 

Fig. 12. Impact of distance between vehicles [26]. 

Each car which receives the sent message will be 
forced to react and send a safety message according 
to its condition. This will be reiterated for 
throughput the highway. If we review the scenario, 
we will see that the received safety message for 
vehicles far from the source vehicle such as 4 and 5 
is less important that closer ones [24]. In this 
scenario all of the cars in the same lane and 
according to the previous scenario all of them must 
process the message after receiving and then show a 
proper reaction according to the type of the received 
message [24]. But we know that when car 1 braked, 
car 2 which is the nearest car behind to it must react 
quickly. Car 3 which is so far away from car 1 does 
not need to do any reaction because of its distance to 
car 1. In this idea each vehicles must be able to 
compute the distance between itself and another 
[24]. After simulation, Authors concluded that this 
idea has improved the Message Expiration Ratio. 

 

Fig. 13. Simulation result before applying the idea. 
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Fig. 14. Simulation result after applying the idea. 

 
5 PROPOSED ARCHITECTURE AND PRO-

TOCOL STACK 
 
5.1 Proposed Architecture 

As illustrated in Figures [15-17], in our proposed 
architecture any geographic region is divided into 
25 unique area and each area can communicate with 
other 24 areas around it. This approach expands the 
communication domain from 1 Km2 (max range of 
802.11) to 225 Km2 .There are 9 zone in each area 
that are covered by a WiMAX (802.16) base station 
which provides wireless services to the vehicles and 
there is one Central Router (C.R) in each area 
which is capable of routing and switching packets 
between areas and zones. 
 

 
 
Fig. 15. Division of Geographical regions 
into 25 unique areas. 
 

. 
Fig. 16.  There are 9 Zone in each area. 

 

 
Fig. 17. Areas are connected together via  
Central Routers. 
 

5.2 Proposed Protocol Stack 

   Our proposed protocol stack is similar to TCP/IP 
model but we changed the Network and Transport 
layers. We use the term, VCTP (Vehicular 
Communication Transport Protocol) for our 
proposed transport layer and VCNL (Vehicular 
Communication Network Layer) for Network layer.   
5.3 Network Layer 

Figure 18 shows the header of VCNL. 
 

 

Fig. 18. VCNL header 
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   As we see in Figure 18 some fields of IP header 
are eliminated and VCNL header has 8 bytes less 
than IP header which enhances the speed of 
processing in routers and OBUs and causes better 
performance.  The source and destination addresses 
are shorter than what they are in IP. As we 
mentioned in the last section there are 3 parts in our 
architecture, Area, Base Station and Vehicle, so we 
need 3 octets instead of four to assign addresses to 
nodes. The first octet is used for areas, the second 
for Base Stations and the third for vehicles.  So 
instead of using four octets for addressing we 
propose to use three. The other parts of header are 
the same as IP header.  
 
5.4 Transport Protocol 

VCTP is an improved UDP which has the 
capability of handshaking and negotiation between 
source and destination. In VCTP header there are 9 
bytes less than TCP header that helps the source 
and destination nodes, router and all subnet to 
perform faster and better than TCP. 

 

 

Fig. 19. VCTP header 

 

5.5 VCTP Algorithm  

 
Application layer sends the information to transport 
layer and then according to MSS (Maximum 
Segment Size), transport layer divides information 
into segments and sends them to destination. 
According to layer 2 and layer 3 technologies we 
can estimate the best MSS, so it has a default size 
and never changes. Imagine that application layer 
produces some data and transport protocol wants to 
send these data in 1000 segments. VCTP operates 
as follows: 

1-At first, Source sends a segment to 
destination, in this segment Syn=01 and Seq=1000 
(it means source wants to establish a connection 
and send 1000 segments). 

2-If destination was ready for data exchanging, 
it will send a segment to source. In this segment 
Syn=10 and Seq#=1000 (it means that destination is 
ready for data exchanging and knows that 1000 
segments will be sent). 

-If destination did not get the segment that was 
sent in part 1, after a period of time, source sends it 
again.  

3-Source starts to send data, when each packet 
is sent, the Seq# will be increased. For example in 
the first segment, Seq#=1, and in the second 
segment Seq#=2. 

4-After 1000th segment, when source doesn’t 
have anything to send, it sends a segment to 
destination. In this segment, Fin=01. (It means that 
source has finished sending data). 

-If destination received this segment: 
5- It will check, if it has got all the 1000 

segments or not, if yes: 
5-1-It sends a segment to source, in this 

segment Fin=11. (It means that destination has got 
all the 1000 segments and is ready to finish the 
communication). 

If No: 
5-2- it will send segments to source that are 

not received and in these segments Fin=10. For 
example if destination did not get #200 and #201, it 
sends two segments to source, in both of them 
Fin=10 but Seq# in the first one is 200 and in the 
second one is 201 . (It means that, destination has 
not got #200 and #201). 

5-3- Source will send immediately #200 and 
#201 to destination and repeats the finishing 
process (it will do the same as it did in part 4). 
-If the destination did not receive the segment in 
part 4, after a period of time, source sends it again. 
-During the communication, Syn and Fin= 00. 
  
6 CONCLUSION 
 
In this paper we presented a short overview of 
Vehicular Communications, QoS concepts and QoS 
provisioning in Vehicular Networks. We proposed 
a novel architecture and protocol stack, aiming to 
improve QoS and security in Vehicular Networks. 
In this protocol stack we decreased the overhead 
and complexity of TCP/IP algorithms. It is a 
challenging and time-consuming task to implement 
this idea. In the future we are going to simulate our 
proposed model to see the performance and 
capability of it, and we will compare the results 
with another scenario that uses typical TCP/IP 
header and protocols.  

  
7 REFERENCES 

 
[1] S. h. An, B. H. Lee, D. R. Shin, “A survey of 

Intelligent Transportation System,” in 2011 
Third International Conference on 
Computational Intelligence, Communication 
Systems and Networks, Bali, Indonesia, 2011. 



87 
 

 

 

 
M. Pourkiani et. al / International Journal of Computer Networks and Communications Security, 4 (3), March 2016 

[2]  K. A. Kastell, “Network planning for 
Intelligent Transportation Systems Based on 
Existing Wireless Networks,” in 2013 5th 
International Congress on UltraModern 
Telecommunications and Control Systems and 
Workshop, Almaty, Kazakhstan, 2013. 

[3] K. Zheng, Q. Zheng, W. Xiang, Y. Zhou, 
“Heterogeneous Vehicular Networking: A 
Survey on Architecture, Challenges, and 
Solutions,” in Communications Surveys & 
Tutorials, IEEE, vol. 17, no. 4, June 2015 
pp.2377 – 2396. 

[4] A. Gandhi, B. T. Jadhav, “Role of Wireless 
Technology for Vehicular Network,” 
International Journal of Computer Science and 
Information Technologies, vol.3, no.4, 2012. 
pp. 4823-4828. 

[5] P. Shrivistava, S. Ashai, A. Jaroli, S.Gohil, 
“Vehicle to Road-Side-Unit Communication 
Using Wimax,” International Journal of 
Engineering Research and Applications, vol.2, 
no.4, August 2012, pp. 1653-1655. 

[6]  S. Al-Sultan, M. M. Al-Doori, A. H. Al-
Bayatti, H. Zedan, “A comprehensive survey 
on vehicular Ad Hoc network,” Journal of 
Network and Computer Applications, vol. 37, 
January 2014, pp. 380-392. 

[7] G. Araniti, C. Campolo, M. Condolusi, A. Iera, 
A. Molinaro, “LTE for Vehicular Networking: 
a survey,” IEEE Commun. Mag., vol. 51, no. 5, 
May 2013, pp. 148-157. 

[8] M. S. Sahasrabudhe, M. Chawla, “Survey of 
Applications based on Vehicular Ad-Hoc 
Network (VANET) Framework,” International 
Journal of Computer Science and Information 
Technologies, vol. 5, no. 3, 2014, pp. 3937-
3942. 

[9] WiMAX Forum, “Network Architecture Stage 
2: Architecture Tenets, Reference Model and 
Reference Points, Part 1- Release 1.0 Version 
4”, February 2009 

[10] K. Etemad, “Overview of Mobile WiMAX 
Technology and Evolution”, IEEE Comm. 
Magazine, vol. 46, no. 10, October 2008, pp. 
31-40. 

[11]  S. Kim, H. Kim, J. Jin, S. Lee, “A new 
approach for vehicle accident prevention on the 
highway using Mobile WiMAX”, Wireless 
Technology Department, Central R&D 
laboratory, KT 17 Woomyeon-Dong, Seocho-
Gu, Seoul, Korea, 137-792. 

[12] S. Adibi, S. Erfani, “Mobile Ad-hoc Networks 
with QoS and RSVP Provisioning,” , CCECE, 
Saskatoon, Canada, May 2005. 

[13] S. GholamitabarFirouzjaee, M. Fathy, K. 
Raahemifar, “Improving QoS in VANET 

Using MPLS,” 7th International Symposium 
on Intelligent Systems Techniques for Ad-hoc 
and Wireless Sensor Networks (IST-AWSN), 
Niagara Falls, Canada, 2012. 

[14] S. Saharan, R. Kumar, “QoS Provisioning in 
VANETs Using Mobile Agent,” Internationa 
Journal of Computer Science and 
Communication, vol. 1, no. 1, June 2010, pp. 
199-202. 

[15] T. Reddy, I. Karthigeyan, B. Manoj, C. 
Murthy, “Quality of Service provisioining in 
ad-hoc wireless networks: a survey of issues 
and sollutions,” Ad-hoc Networks, vol. 4, no. 
1, 2006, pp. 83-124. 

[16] Cisco IOS Quality of Service Solutions 
Configuration Guide, Cisco Systems, 2007. 

[17] A. Kaur, “An Overview of Quality of Service 
Computer Network,” Indian Journal of 
Computer Science and Engineering, vol. 2, no. 
3, July 2011, pp. 470-475. 

[18] Cisco Networking Academy Program: IP 
telephony, Cisco Systems, 2005. 

[19] G. Yan, D. Rawat, B. Bista, “Provisioning 
Vehicular Ad-hoc Networks with Quality of 
Service,”, International Conference on 
Broadband, Wireless Computing 
Communication and Applications, Fukuoda, 
Japan, 2010. 

[20] D.  Khairi,  A. Berqia,  “ Survey   on   QoS   
and   Security  in Vehicular Ad-hoc Networks,” 
International Journal of Advanced Research in 
Computer Science and Software Engineering, 
vol. 5, no.5, May 2015, pp. 42-52. 

[21] H. Kiani, M .Baigi, “Performance Evaluation 
of MANET Using MPLS”, M.S Thesis, 
Bleking Institute of Technology, Sweden, 
2010. 

[22] M. Behrisch, E. Royer, S. Das, “AODV 
routing”, RFC 3561, July, 2003. 

[23] H. Ammari, H. El-rewini, “Integration of 
Mobile Ad-hoc Networks and the Internet 
Using Mobile Gateways,” IEEE 18th 
International Parallel and Distributed 
Processing Symposium, New Mexico, USA, 
2004. 

[24] S. GholamitabarFirouzjaee, M. Fathy, H. 
GholamitabarFirouzjaee, K. Raahemifar, 
“Utilizing Mobile IP, MPLS, to Improve QoS 
in VANET,” Proc, Of International Conferece 
on Advances in Signal Processing and 
Communication, 2012, pp. 122-125. 

[25] M. Behrisch, L. Bieker, J. Erdmann, D. 
Krajzewicz, “SUMO – Simulation of Urban 
Mobility,” 3rd International Conference on 
Advances in System Simulation, Barcelona, 
Spain, 2011. 



88 
 

 

 

 
M. Pourkiani et. al / International Journal of Computer Networks and Communications Security, 4 (3), March 2016 

[26] M. Sayadi, M. Fathy, L. Mahaki, “Improving 
the Quality of Service in the VANET by 
Detecting and  Removing   Unused Messages,”     
Intenational    Journal      of   Information and 
Communication Technology Research, vol. 4, 
no. 3, June 2012, pp.107-112.  


	Mohammadreza Pourkiani1, Sam Jabbehdari2 and Ahmad Khademzadeh3
	1.1 Intelligent Transportation System
	1.2 Vehicular Ad-hoc Networks
	1.3     Heterogeneous Vehicular Networks
	4.1  Improving QoS in VANET Using MPLS
	4.2 Utilizing Mobile IP, MPLS to Improve QoS in VANET
	4.3 Improving the Quality of Service in the VANET by Detecting and Removing Unused Messages
	5.1 Proposed Architecture
	5.2 Proposed Protocol Stack
	5.3 Network Layer
	5.4 Transport Protocol
	5.5 VCTP Algorithm 

