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ABSTRACT 
 

VANET is vehicular Ad-hoc network which is used for intelligent transport system for the drivers. The ad-hoc 

network is used to transmit various types of message over the network. Cognitive Radio Network obtains knowledge 

of its operational geographical environment to manage sharing of spectrum between primary and secondary users, 

while VANET shares emergency safety messages among vehicles to ensure safety of users on the road. Cognitive 

radio network is employed in VANET to ensure the efficient use of spectrum, as well as to support VANET’s 

deployment. Random increase and decrease of spectrum users, unpredictable nature of VANET, high mobility, 

varying interference, security, packet scheduling, and priority assignment are the challenges encountered in a 

typical Cognitive VANET environment. The proposed model has two distinct information exchange system layouts. 

One is dynamic (vehicle to vehicle) and another is semi-dynamic (vehicle to Road-Side- Unit). For the vehicle-2- 

vehicle communication, the proposed model assumes that vehicles can communicate with each other using available 

wireless resources. In this paper with the help of cognitive radio mechanism, we discuss the problem that occurs 

when communication through high road density is higher due to high load on road, message communication get 

overhead due to less amount of network bandwidth to overcome this issue Cognitive Radio bandwidth is utilized for 

data transmission by channel sensing and messages are transmitted through Cognitive Radio channels. 
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1. INTRODUCTION 

Vehicular Ad Hoc Network is a technology that uses moving cars as a nodes in a network to create a mobile 

network. In turn to create a network with a wide range, it turns every participating cars into a wireless router or 

node, allowing cars approximate of 100 to 300 m of each other to connect. It has mainly two types of 

communication they are Vehicle to Vehicle (V2V) and Vehicle to Infrastructure (V2I). We need VANET because of 

safety purpose, for example police and fire vehicles to communicate with each other. Communication between V2I 

and V2V are “Ad Hoc” in nature. The vehicles communicate with the road side units with the help of onboard units 
[5]

. VANET’s are vehicular Ad Hoc networks where vehicles are transmitting nodes. The radio channels through 

which these nodes send messages are valuable resources. Hence to facilitate equal sharing cognitive radio is used. 

VANET’s are used for a wide variety of applications which include dissemination of emergency messages during 

natural disasters/accidents, platooning, information on traffic and information on routes 
[5]

. The performance of 

VANET depends on the efficiency of Dedicated Short Range Communication (DSRC). This type of communication 

facilitates a wide variety of applications like V-V safety messages, information on traffic and toll collection 
[5]

. 

Cognitive Radio (CR) is a form of wireless communication in which transceiver can intelligently detect which 

communication channels are in use and which are not, and instantly move into vacant channels while avoiding 

occupied ones. Cognitive radio can effectively use the frequencies to extract maximum bandwidth. It is capable of 

providing bandwidth solution to both licensed users, that is, to users who have a license to use the spectrum and to 

those users who don’t have a license 
[5]

. DSRC has been standardized and the channels are reserved for automobile 
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communications only. But, unfortunately these channels suffer from scarcity of available spectrum due to increasing 

demands of vehicular applications. Researches have introduced cognitive radio technology into VANET to form the 

CR-VANET where cognitive radio seems to be a promising technology to resolve the issue of spectrum scarcity in 

VANET’s 
[2]

. The CR allows vehicles to opportunistically sense the spectrum and utilizes spectrum holes in the 

licensed spectrum without interfering the primary users 
[2] [3]

. 

 

2. ARCHITECTURE OF VANET 
The Architecture of the VANET compromising of many individual things like vehicle fitted with transceivers and 

on board application, Road Side Units (RSU), centralized management system, communication links and many 

more. On-Board Unit (OBU) is a device which is fitted inside the vehicle (responsible for communication with 

outside network) which is with other vehicle or infrastructure. Road side unit is an infrastructure for communication 

between cars for sharing information from various vehicles 
[7]

. The system can be divided into three domains they 

are Mobile domain, Infrastructure domain and Management domain 
[8]

. 

 

The Mobile domain consists of two parts: the vehicle domain and the mobile device domain. The vehicle domain 

comprises all kinds of vehicles such as cars and buses whereas the mobile device comprises all kinds of portable 

devices like personal navigation devices and smartphones 
[7]

. 

 

In the Infrastructure domain have two sub domains: roadside infrastructure domain and the central infrastructure 

domain. The roadside infrastructure domain contains roadside units like traffic lights. The central infrastructure 

domain contains infrastructure management centers such as traffic management centers (TMCs) and vehicle 

management centers 
[7]

. 

 

The Management domain consists of the management systems like the servers and surveillance applications. 

Whenever a message comes to the server about any accident or traffic slow down problem, the server send alert 

message back to other in coming vehicle in the range. This information is very useful for the vehicle to tackle the 

situations 
[8]

. 

 

As shown in Figure 1 the in-vehicle domain is composed of an On-Board unit (OBU) and one or multiple 

Application Units (AUs). The ad hoc domain is composed of vehicles equipped with OBUs and roadside units 

(RSUs). An OBU can be seen as a mobile node of an ad-hoc network and RSU is a static node likewise. An RSU 

can be connected to the Internet via the gateway; RSUs can communicate with each other directly or via multi-hop 

as well. There are two types of infrastructure domain access, RSUs and Hot Spots (HSs). OBUs may communicate 

with Internet via RSUs or HSs. In the absence of RSUs and HSs, OBUs can also communicate with each other by 

using cellular radio networks (GSM, GPRS, UMTS, WiMAX, and 4G) 
[7]

. 
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Figure 1: C2C-CC reference architecture 
[7]

. 

 

Communication types in VANETs can be categorized into four types. The category is closely related to VANETs 

components as described below. Figure 2 describes the key functions of each communication type 
[8]

. 

 

In-vehicle communication: The system can detect a vehicle’s performance and especially driver’s fatigue and 

drowsiness, which is critical for driver and public safety 
[8]

. 

Vehicle-to-Vehicle (V2V) communication: It can provide a data exchange platform for the drivers to share 

information and warning messages, so as to expand driver assistance 
[8]

. It allows direct vehicular communication 

without relying on a fixed infrastructure support and is mainly employed for safety, security and dissemination 

applications 
[10]

. 

Vehicle-to-Road Infrastructure (V2I) communication: It enables real-time traffic/weather updates for drivers and 

provides environmental sensing and monitoring 
[8]

. It also allows a vehicle to communicate with the roadside 

infrastructure mainly for information and data gathering applications 
[10]

. 

Vehicle-to-Broadband Cloud (V2B) communication: Vehicles may communicate via wireless broadband 

mechanisms such as 3G/4G. As the broadband cloud may include more traffic information and monitoring data as 

well as infotainment, this type of communication will be useful for active driver assistance and vehicle tracking 
[8]

. 

 

     

 

Figure 2: Key functions of each communication type 
[7]

. 
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3. RELATED WORKS 
3.1 LITERATURE REVIEW 

 

3.1.1 Cognitive Radio Aided Vehicular Ad-Hoc Networks with Efficient Spectrum Allocation and QoS 

Guarantee 

In [1] Joy Eze C, Sijing Zhang, Enjie Liu, Theresa Efor E, Elias Eze C, A novel Adaptive CR Enabled Vehicular 

Network (ACREVNET) framework is proposed to resolve the shortage of spectral resource challenge for vehicular 

networks created by the increasing demand of diverse vehicular network oriented applications. They also proposed a 

CR Adaptive Spectrum Sensing (CRASS) scheme capable of reducing the spectrum sensing cost and improving 

sensing performance. Finally they proposed a Generalized Non-Symmetric Nash Bargaining Solution (GNNBS) to 

perform a non-symmetric cognitive inter-cell spectrum allocation in ACREVNET.   

3.1.2 Spectrum and Connectivity Aware Anchor–based Routing in Cognitive Vehicular Ad Hoc Networks 

In [2] Huma Ghafoor and Insoo Koo, In this paper, they have proposed a novel routing protocol for vehicular ad hoc 

networks in urban scenario. Cognitive V2V communication in which decision is taken at the anchor point by 

estimating channel condition in future segments and vehicle density on each street. The vehicle density is calculated 

by the messages received from all the neighbours in the source/anchor’s vehicular transmission range. 

3.1.3 Transmission Opportunity of Spectrum Sharing with Cellular Uplink Spectrum in Cognitive VANET 

In [3] Hang Zhang, Xinxin He, Tao Luo and Weisen Shi, A Cellular Cognitive Radio Vehicular Ad Hoc Network 

(CCR - VANET) system consisting of a bus Wi-Fi cellular network and a VANET with cognitive-CSMA protocol, 

they derive the transmission opportunity of secondary network. The transmission opportunity increasing of 

maximum received beacon power threshold, predefined carrier sensing threshold and the number of sub-channels, 

while decreases with the increasing of the density of active primary transmitters.  

3.1.4 History-based spectrum sensing in CR-VANETs 

In [4] Shahid H Abbassi, Ijaz M Qureshi, Hameer Abbasi and Bahman R Alyaie, In this paper they have proposed a 

sensing technique which prepares a database for small road segments, time slots for the hours of the day, and 

different frequencies of the spectrum based on the sensing of vehicles throughout the day. A historic data of sensing 

the CR spectrum, so it provides a clear picture of spatio-temporal and frequency slots for its future activity. It 

observes the primary user’s activity and timing related to acquiring and leaving the channel for a particular distance 

slot and frequency. Based on these computations and observations, a list is prepared giving priority to the channels 

which are most likely to be available for the duration of the intended transmission. 

3.1.5 Performance Analysis of Spectrum sensing Techniques in Cognitive Radio based Vehicular Ad Hoc 

Networks (VANET).  

In [5] Usha.M, Dr.B.Ramakrishnan, J.Sathiamoorthy, Analyzed the performance of three essential spectrum sensing 

techniques, namely, cooperative spectrum sensing, distributive spectrum sensing and fuzzy distributed spectrum 

sensing. They have compared these spectrum sensing techniques to determine their efficiency to locate free 

channels, speed and mode of operation. By analyzing these three techniques they have found that fuzzy distributed 

spectrum sensing is better than the earlier techniques proposed in spectrum sensing. 
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3.3 COMPARATIVE TABLE 
Table -1: Comparative Table 

 
SR.NO. PAPER TITLE METHOD USED ADVANTAGE DISADVANTAGE 

1 Cognitive Radio Aided 

Vehicular Ad-Hoc Networks 

with Efficient Spectrum 

Allocation and QoS 

Guarantee 

ACREVNET To resolve shortage of 

spectral resource 

challenge for V2V 

communication 

networks, 

ACREVNET is used. 

Transmission 

blocking probability 

for safety message 

is lesser compared 

to non-safety 

message 

2 Spectrum and Connectivity 

Aware Anchor–based 

Routing in Cognitive 

Vehicular Ad Hoc Networks 

spectrum and 

connectivity aware 

anchor-based 

routing protocol 

It shows improvement 

in packet delivery ratio 

in comparison with 

existing protocol. 

Protocol performs 

well in highway 

scenario may degrades 

its performance in 

urban scenario. 

3 Transmission Opportunity of 

Spectrum Sharing with 

Cellular Uplink Spectrum in 

Cognitive VANET 

Cellular Cognitive 

Radio Vehicular ad 

hoc network, Car-

Following Model 

The two coexisting 

networks share the 

uplink spectrum of 

cellular network. 

The transmission 

opportunity is affected 

by several factors. 

4 History-based spectrum 

sensing in CR-VANETs 

DSRC, RSU’s, 

spectrum sensing 

technique 

It provides a clear 

picture of spatio-

temporal and 

frequency slots for 

future activity. 

It doesn’t have 

allocation of the 

spectrum to secondary 

users 

5 Performance Analysis of 

Spectrum sensing Techniques 

in Cognitive Radio based 

Vehicular Ad Hoc Networks 

Cognitive Radio, 

Cooperative 

Spectrum Sensing 

Distributive 

Spectrum Sensing, 

Fuzzy Distributed 

Spectrum Sensing 

Fuzzy distributed 

spectrum sensing is 

better than other 

techniques. 

In case any malicious 

nodes are present DSS 

& CSS techniques will 

suffer a far worse 

delay than the delay 

experienced during 

normal network 

conditions. 

 

 

 

 

4. PROPOSED MODEL 
In order to get efficient result for communication in VANET with the help of cognitive radio technology we can 

improve sensing performance, reduce the spectrum sensing cost and message transmission delay. To achieve that 

following basic steps are required and described as follows: 

 

Step 1: A VANET environment is generated where an urban scenario is been created, the communication occurs 

between vehicle to vehicle or vehicle to infrastructure occurs. 

Step 2: An Ad-Hoc scheme is created where VANET turns every participating vehicle into a wireless router or 

node, allowing vehicles to connect with each other in a range of approximately 100 to 300 meters and in turn they 

create a wide range of network. 

Step 3: Some of the basic parameters are set like directions of the road, speed of the vehicle, velocity and change in 

speed and direction.  

Step 4: Now we will also create a cognitive radio network environment, with the help of CR we can detect the 

availability of channels in a wireless spectrum and also changes the transmission parameters which enables more 

communications to run concurrently. 
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Figure 3: CR-VANET Proposed Model 

 

Step 5: If the channel is available for the nodes it will allow the nodes for spectrum sensing but if channel is busy 

then node has to wait for a period of time until channel gets available. 

Step 6: After the allocation of channel to the node is done the data transmission occurs. 

Step 7: The Analysis of parameters is carried out in this stage where parameters are throughput, latency, efficiency, 

packet delivery ratio.  

  

 

5. CONCLUSION 

 
Several highlighted problems such as coordination between licensed and unlicensed users, duration of spectrum 

opportunities, multiple points of observation, interference, delay, and security are the main concerns in cognitive 

radio VANET. The communication through high road density is due to high load on road, message communication 

get overhead due to less amount of network bandwidth to overcome this issue Cognitive Radio bandwidth is utilized 

for data transmission by channel sensing and messages are transmitted through Cognitive Radio channels. In this 

paper we have proposed a system which helps in improving the efficiency of the data transmission by using 

cognitive radio which also helps in improving network efficiency i.e. it reduces the dead node ratio, it also allows 

node query in waiting mode if needed 



Vol-3 Issue-6 2017  IJARIIE-ISSN(O)-2395-4396 

  

 

7108 www.ijariie.com 1097 

6. REFERENCES 

1. Joy Eze C, Sijing Zhang, Enjie Liu, Theresa Efor E, Elias Eze C,” Cognitive Radio Aided Vehicular Ad-

Hoc Networks with Efficient Spectrum Allocation and QoS Guarantee”, Proceedings of the 22nd IEEE 

International Conference on Automation & Computing, University of Essex, Colchester, UK, 7-8 

September 2016 DOI: 10.1109/IConAC.2016.7604911 

 

2. Huma Ghafoor and Insoo Koo,” Spectrum and Connectivity Aware Anchor–based Routing in Cognitive 

Vehicular Ad Hoc Networks”,  Proceedings of the 22nd IEEE International Conference on Automation & 

Computing, University of Essex, Colchester, UK, 7-8 September 2016, PP 679-684. 

 

3. Hang Zhang, Xinxin He, Tao Luo and Weisen Shi, “Transmission Opportunity of Spectrum Sharing with 

Cellular Uplink Spectrum in Cognitive VANET”, 978-1-5090-1701-0/16 ©2016 IEEE 

 

4. Shahid H Abbassi, Ijaz M Qureshi, Hameer Abbasi and Bahman R Alyaie “History-based spectrum sensing 

in CR-VANETs”, Abbassi et al. EURASIP Journal on Wireless Communications and Networking (2015) 

2015:163 DOI 10.1186/s13638-015-0404-4 

 

 

5. Usha.M, Dr.B.Ramakrishnan, J.Sathiamoorthy, “Performance Analysis of Spectrum sensing Techniques in    

Cognitive Radio based Vehicular Ad Hoc Networks (VANET).”, 978-1-5090-6221-8/17_c 2017 IEEE, PP 

74-80. 

 

6. Shahid H. Abbassi, I. M. Qureshi, Bahman R. Alyaei, HameerAbbasi, Kiran Sultan, “An Efficient 

Spectrum Sensing Mechanism for CR-VANETs”, TextRoad Publication, PP 365-378, 2013 

 

 

7.  Wenshuang Liang, Zhuorong Li, Hongyang Zhang, Shenling Wang, and Rongfang Bie, “Vehicular Ad 

Hoc Networks: Architectures, Research Issues, Methodologies, Challenges, and Trends”, Hindawi 

Publishing Corporation, PP 1-11, 2015 

 

8.  B.Ayyappan, Dr.P.Mohan kumar, “Vehicular Ad Hoc Networks (VANET): Architectures, Methodologies 

And Design Issues”, IEEE, PP 177-180, 2016 

 

9. Ahmed A. Ahmed, Ala Abu Alkheir, Dhaou Said, and Hussein T. Mouftah, “Cooperative Spectrum 

Sensing for Cognitive Radio Vehicular Ad Hoc Networks:An Overview and Open Research Issues”, 2016 

IEEE Canadian Conference on Electrical and Computer Engineering (CCECE), 978-1-4673-8721-

7/16©2016 IEEE  

 

10. Riddhi Gajjar, Gayatri Pandi,“Survey on Data Dissemination in VANET for improving Reliability”, 

JARIIE-ISSN(O)-2395-4396, Vol-2 Issue-6 2016, PP 680-683  

 
 

 

 

 

 

https://doi.org/10.1109/IConAC.2016.7604911

