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Abstract –With the advancement in the wireless communication, there has 
been an immense growth in the number of vehicles on the road.The unpredicta-
ble nature of vehicular adhoc network (VANET) due random increase and de-
crease of the nodes/users (vehicle) on the roads is a challenging issue. Moreo-
ver, the increase in the number of nodes creates the problem of spectrum scarci-
ty due to shortage of licensed spectrum for vehicular servives. In order to solve 
the issue of spectrum scarcity, the cognitive radio network (CRN) has been de-
veloped which exploites the unlicensed spectrum for communication without 
affecting the licensed communication that is using interference avoidance. The 
CRNs are more vulnerable to the security and the privacy of the networks be-
cause the transmission parameters required for communication avoids the inter-
ference with the licensed and unlicensed users. Moreover, the safety message 
among the vehicles ensures the safety of the vehicles in the cognitive radio ve-
hicular ad-hoc network (CR-VANET) and also manages the sharing of the li-
censed/ primary and the unlicensed /secondary users in the network. The 
routing and network topologies is a challenging issue due to mobility of ve-
hicles. Therefore, in this review paper, we present the applications and various 
routing topologies for CR-VANET. 
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1. Introduction 

Increase in number of vehicles on the road has conveyed main emphasis on enhancing 
safety of vehicles. With this demand, we are observing arise in expansion of the novel 
presentations and facilities for VANET situations. The most common instances are: 

(i) Safety of Roads  
(ii) Collision Avoidance 
(iii) Traffic Management  
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(iv) Vehicle – to- Vehicle communication(V2V) [1].  

For VANET, all the vehicles/nodes need to communication with each other (V2V)) 
and other roadside units (vehicle-to-infrastructure (V2I)).  The radio spectrum is the 
compulsory resource for communication and the allocated spectrum bands for 
VANET by the Federal Communications Commission (FCC) and European Tele-
communications Standards Institute (ETSI) are 75 MHz and 30 MHz of spectrum in 
5.9 GHz band[2, 3]. However, in future with increase in vehicles, these allocated 
bands will be insufficient for communication, therefore, we need some plateforms 
which can fulfill this demand of spectrum bands. The Cognitive Radio Network is an 
emerging solution to overcome the  problem of spectrum shortage. The main idea of 
CRN is to share similar bandwidth with secondary/unlicensed users (SUs) without 
causing any interference to primary/licensed users (PUs). Cognitive Radio equipment 
detects the available channel and allow SUs to occupy the bandwidth. The CR in-
cludes spectrum knowledge representation which vigorously changes routing topolo-
gy protocol in order to satisfy requirement for  more proficiency[4].  
The use of CR in the VANET can improve the issue of spectrum shortage. Therefore, 
CR-VANET is a emerging technology that can support VANET applications. Vehicu-
lar ad hoc networks defined as unstructured Ad-Hoc Network shifting on the road. 
The vehicle can communicate with each other or with road side infrastructure to in-
crease the safety of roads. The main challenges for Cognitive Radio Network (CRN) 
deal between nodes in VANET in high-mobile network under dynamic channel situa-
tions. In addition to this, the un-predictable behavior of VANET, data security, node 
mobility and priority assignment are the main challenges [4].There are some chal-
lenges in developing CR-VANET. The open problems in CRN development network 
like CC(Control Channel), JSS(Joint Spectrum Sensing), CIA(Cognitive Implementa-
tion Architecture). 

 

2. Overview of Cognitive Radio and its Architecture 

Spectrum users are categorized as licensed users, and unlicensed users or cognitive 
radio. Licensed users legally operate in a specific frequency band while cognitive 
users are not granted with any specific frequency to transmit and receive the data. 
Cognitive Radio provides the spectrum to unlicensed users for communication pur-
pose [5-7]. Cognitive radio network users identify the spectrum holes, these holes are 
defined as a provisionally non utilized spectrum that can accessed by CU’s. If a spec-
trum band is available, then Cognitive Radio(CR) fully utilizes the channel, although 
primary users are there. 

 
The major applications of Cognitive Radio are:- 

 
i) White Space and regulation[8] 
ii) Smart Grids [9]. 
iii) Wireless Sensor Network (WSN) 
iv) Public Security and Medicinal Network 
v) Internet-of-Things 
vi) Vehicular Networks[10] 
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Cognitive Radio in VANET is one of the major submissions of CR. Each vehicle in a 
geographical area can interconnect with each other straightly via some communica-
tion infrastructure. 
The VANET architecture of cognitive radio vehicles based with  On Board Units 
(OBU’S) and infrastructure services.The network architecture for cognitive radio are 
as follows :- 
i)Incomplete Infrastructure Support [10]. 
ii)Complete Structure Provision [10]. 

The architecture is defined as without infrastructure support or non-centric con-
struction. The detecting could be communal among the network. Organization support 
non appearance minimizes the geographical attention of communication performed in 
Fig 1. The repeaters and routers are connected through main highway with fixed in-
frastructure support and low complexity. The range of data is fixed by minimum in-
frastructure, thus data are conveyed only to the vehicle in the range of services in-
stalled above in Fig 2.  

 
 

 
 

Fig 1. Cognitive Radio for Vehicular Ad hoc Networks (CRV) Architecture (Non-centric) [10]  
 

 
 

Fig 2. Limited structure cognitive radio Architecture [10] 
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3. Cognitive Radio Vehicular Adhoc Network 

Currently, all auto-makers are capitalizing to stretch infotainment explanations and 
new substitutions to passengers and car drivers. Geographies and facilities tend to 
overload the obtainable range in auto-motive background. In cars, high suffering of 
the internet is determined in high traffic roads. Cognitive radio can be introduced to 
vehicle communication. 
 
Cognitive Radio enhances the throughput, and also CR VANET’S enables more users 
to function in high user friendly scenarios. Transceiver with re-configurable software 
defined radio (SDR) equipments are being included to vehicles. The operating para-
meters can be dramatically changed via software, which reduces data flexibility and 
operations dissimilar bands [10]. So hardware limitations are optimized in the devel-
opment of novel equipments. The spectrum sensing (SS) is fundamental in Cognitive 
radio networks as well as in CR-VANET. SS means to detect the presence of License 
Users or secondary users in a specific frequency band more correctly; this reduces the 
practice of spectrum holes resourcefully. 
 
Spectrum Sensing (SS) methods are categorized as:-  

(i) Per-vehicle sensing.  
(ii) Spectrum  Database(DB) methods. 
(iii) Co-operation. 

 
 

Fig 3.Adaptable Communication in VANET [10] 
 

In per vehicle sensing, each car achieves the range sensing independently and sepa-
rately from the others. SS is performed with traditional Spectrum Sensing strategies as 
Energy Detection (ED), Matched Filter Detection (MFD), Cyclostationary Detec-
tion(CD) and others [11]. However, despite the fact that individual car can achieve its 
own sensing with no record of any infrastructure support, the accuracy of the sensing 
decreases in situations of obstructions in Fig 3 [11]. 

 

4. Literature Review 
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Uddin, SM Nadim., et al., (2016) [12] proposed the cognitive radio (CR) enabled 
vehicular ad hoc networks mainly for the multi-agent relied Traffic Management Sys-
tem (TMS). Due to the continuous interest of researchers in the concepts of CR, the 
demand of CR based vehicular adhoc networks was flourishing. It played out a major 
role in the communication of sensor nodes with high efficiency and reliability. In 
VANET, the sensor nodes are the moving vehicles that continuously changed the 
topology of the network. In the present research work, a cognitive radio based net-
work was proposed mainly for the vehicles that used the multi-agent. A skeleton was 
introduced mainly for the learning purposes and for the decision making. The present 
technique had two basic phases. The first one was the dynamic and the second was 
the semi-dynamic. The dynamic was the communication of vehicle to vehicle without 
accessing any other device for the data exchange, whereas the same dynamic was the 
data communication of vehicle with Road Side Units (RSU). The communication was 
taking place by accessing a wireless link with the use of cognitive radio. Subsequent-
ly, a cluster formation approach was utilized to acquire the more accuracy in the data 
transmission. The experiment was proven better in terms of the throughput, consump-
tion of energy, delay considered while data packets were sent and the overhead of the 
network. Elgaml, Nada., et al., (2017) [13] recommended the low delay and high 
throughput CR-VANET. Because of the advancement of the technology, the wireless 
sensor networks were utilized for various purposes in most of the applications and 
CR-VANET was one of them. It exploited CR for the access of unused channels by 
vehicles under the radio region. Therefore, CR VANET was not just passed through 
the common challenges of cognitive ratio mainly the spectrum sensing. But it also 
faced some difficult issues related to the mobility of the sensor nodes in the network. 
The current research was described the low delay and high throughput CR region 
method for the better working criteria of CR-VANETS that had the tendency to man-
age with the general stands of VANET as IEEE802.11p. The experiment depicted that 
the current technique was easily declined the time consumption and the throughput 
was flourishing. Ahmed, et al., (2016) [14] described the co-operative spectrum sens-
ing, particularly for the CR-VANET with the detailed description and the research 
challenges of CR. These days, VANETs are being more interested in the field of intel-
ligent traffic management and it enhanced in several ways to serve the people with 
better performance while data is transmitted from one node to the other. In VANET 
the sensor nodes are the moving vehicles. It was supportive to various kinds of appli-
cations, mainly for the safety purposes, traffic efficiency and even for the entertain-
ment requirements. It makes the driving more comfortable with a lot of facilities. The 
cognitive radio simply increased the bandwidth mainly for the communication of 
moving vehicles. The main purpose of using Co-operative Spectrum Sensing (CSS) 
was to exploit the temporary and spatial diversity to search out quickly the primary 
users of the data. The current research introduced the detailed description of the CSS 
approach mainly for the CR-VANETs. The major advantages of the technique were 
discussed in the literature review section. The other objective of the research was to 
clarify the common research challenges and future direction of the current research 
approach. JalilPiran, et al., (2015) [15] proposed the fuzzy based sensor fusion ap-
proach mainly for the CR-VANET. Generally, in the field of wireless sensor networks 
(WSN). The sensor fusion was introduced to integrate it with the gathered data via 
sensors basically to give access for the unified interpretation. The biggest characteris-
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tic of the sensor fusion was the high level data in the statistical and in the definitive 
ways. It was difficult to acquire by using a single sensor. The current research initia-
lized a dynamic sensor fusion method which was fully dependent upon the fuzzy 
theory. For the present approach, for input sensor readings and a final output was 
considered. The sensor nodes in CR-VANET were concatenated with the diverse 
sensors. Along with this, the crash severity was utilized as the consequent variable. 
The procedure and the fusion were obtained via using the fuzzy logic criteria. The 
results obtained from the present research approach was introduced the applicable 
system mainly to decline the causality rate of the vehicles. Eze, Joy, et al., (2017) 
[16] give the explanation about CR technology which was utilized with VANET. The 
present status, issues and research trends were described in detail. The vehicular net-
works and the cognitive radio networks both were being a fascinating advancement of 
the technology. The applications of cognitive radio were utilized for the intelligent 
vehicles and to sort out the common issues occurred because of the scarce spectrum. 
Current research gave the description of cognitive radio advancements which set a 
goal to enhance the efficiency in the vehicle communication. The description given in 
the research was introduced the dynamic technique and the major issues that were 
linked to the cognitive radio. Additionally, the research work also identified the dif-
ferent issues which were faced by the design and the creation of  cognitive radio vehi-
cular ad hoc networks. Table 1 defined that the the basic comparison of TCR, 
VANET and CR-VANET, respectively.  
 
 

Table 1.Comparison Of TCR (Traditional Cognitive Radio), VANET And CRV [17,18] 
 

 TCR VANET CRV 
Range  ~30 killometer Few Km  Few Km 

Mobility 
Characteristics  

Stationary  High mobility can, ex-
ceeds  100 km per hour  

High mobility 
can exceed 100 km 

per hour. 

Topology  Centralized  V2I, V2V and V2P Both integration 
path  

Performance  Throughput  
Delay  

Transmission Delay 
and capacity  

 

Transmission 
capacity and delay 

 
 

5. CR-VANET for Topology and Routing Protocols 

CR-VANET has the characteristics of high mobility and rapid dynamic topology and 
data reliability for road safety. Designing appropriate Media Access Control(MAC) 
protocol for CR-VANET is a main task. According to the review paper[4], there is 
still no domination structure of the CR-VANET protocol.  
 
Moreover, in order to provide a normal view of Cognitive Radio Vehicular Adhoc 
Network (CRVANET) MAC-LAYER, we summarize some essential articles[19]-[22] 
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and present a preliminary structure of the CR-VANET protocol (MAC). The Slot 
Design of CR-VANET Network system is shown in the Fig 4.  

 

 
 

Fig 4. Slot Design of CR-VANET [23] 
 
Routing in CR-V faces unique challenges when compared with Mobile adhoc net-
works (MANETs). In VANETs, the routing topologies are expected to accept the 
vehicle mobility of the node and the state of the channel. In CR-V allotted route shall 
be more rapidly changed according to the event of license users and frequency in the 
spectrum pool [24]. In most of these topologies routing methods, the route is designed 
during the route-discovery and it can be modified when messages are missed or novel 
PU activity is detected. Algorithms suffer from performance degradation, when the 
spectrum state or spectrum availability ,vehicle node positions modify speedily than 
the rate of route-updates. Various routing methods for VANETs have been imple-
mented in [25]. Moreover, most of them are focused on short range communication in 
ad-hoc networks to aid Intelligent transport system (ITS) in urban areas. The distance 
between binary vehicle nodes is much smaller than broadcast Range. Furthermore, 
none of them measured the adaptable range access unlicensed Industrial-Scienticfic-
Medical (ISM) band to obtain more capacity. At current, the research on routing 
schemes for CR-VANET is really rare.  
A. Prediction based Cognitive Topology Control (PCTC) Routing 

It is a distributive prediction based technology control method over the cognitive 
capability of routing CR-V. It is a middleware like cross layer module residing. It 
utilize cognitive connection data availability forecast, which is conscious of distortion 
to primary users and predicts the available duration connections. Based on connection 
predicts, it considers the dynamic modification of the topology and builds enhancing 
effective methods, which is objective in reducing routing frequency and enhancing 
End to End (E2E) delay network performance like as throughput and delay. 

 
B. Spectrum aware beacon less geographical routing(SABE) 

The main objective of Spectrum aware beacon is that the routing rules as-well-as the 
resource allocation policy is made by receivers on a per-packet and hop basis, so that 
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the SABE protocol can be effective in spectrum dynamic. A CRV broadcasts  advanc-
ing request packet, and adds its data available resources and location. 

 
C. Cognitive Multicasting uses Orthogonal frequency division multiplexing 

(OFDM) 

It is a cognitive multi-cast routing protocol inspired by on demand multi-cast routing 
protocol. Its attempt to provide adequate throughput performance by choosing and 
using idle ISM channels. After searching the channels, vehicle nodes collaborate to 
form a multi-cast tree using and adhoc demand distance vector. [25] 

 
 Table 2:Comparison Between Dissimilar Routing Protocol [26] 

 
 

Methods  Advantages  Disadvantages  
 

PCTC Most effective and reli-
able topology than other, 

low re-routing frequencies 
and delay 

Requires local link 
knowledge consequence in 
huge message overhead.  

SABE Overhead for choosing 
delay vehicle nodes is sub-

stainally reduced 

Robustness of proposed 
algorithm shall be enhanced 

Co-Cast  Channel over-lap in fre-
quency 

Overhead for communica-
tion might be a problem. 

 
 

6. Conclusion and Future Scope 

In this paper, CR-VANET was described and the work done  in this area were catego-
rized and few key attainments were studied. CR is a developing Wireless Announce-
ment Topology (WAT) that can spread the vehicle announcement networks characte-
ristics. CR motivates the development and growth in Vehicle–to-Vehicle,Vehicle-to-
Infrastructure and Vehicle-to-Peer communications. Though, there are still structural 
problems to combine the cognitive radio vehicles. The main problems and challenges 
in cognitive radio vehicles have been studied. Various high-lighted issues SS, MPs of 
observation, interference, end to end delay and security system are the main concepts 
in CR-VANET. The future scope  will improve the lack of data adaptive approach and 
optimization of the recent CR-VANET varities.  

References    

1. H. Hartenstein, K. Laberteaux (Eds.) (2009). “VANET: vehicular applications and inter-
networking technologies” (Vol. 1). John Wiley & Sons. 

2. J. Kenney, "Dedicated Short-Range Communications (DSRC) Standards in the United 
States", Proceedings of the IEEE, 2011, 99(7), pp. 1162-1182. 

3. ETSI-Intelligent Transport. Intelligent Transport Systems. http://www. et-
si.org/technologies-clusters/technologies/intelligent-transport. Accessed on 11 March 2014 



9 

4. J. M. Y. Lim, Y. C. Chang, M. Y. Alias, & J. Loo . “Cognitive radio network in vehicular 
ad hoc network (VANET): A survey”. Cogent engineering, (2016), 3(1), 1191114. 

5. P. Thakur, G. Singh and S. N. Satashia,“Spectrum sharing in cognitive radio communica-
tion system using power constraints: A technical review,” Perspectives in Science, (2016), 
8, pp. 651-653.  

6. B. Bharti, P. Thakur, and G. Singh, “Framework for spectrum sharing in cognitive radio 
network for military applications,” IEEE Potentials, Sep. 2017 (accepted). DOI: 
10.1109/MPOT.2017.2751656.    

7. P. Thakur, A. Kumar, S. Pandit, G. Singh, and S. N. Satashia, “Advanced frame structures 
for hybrid spectrum accessing strategy in cognitive radio communication system,” IEEE 
Communication Letters, (2017), 21 (2), pp. 410-413.   

8. S. Sum, G. P. Villardi, R. A. Rahman, T. Baykas, H. N. Tran, Z. Lan, C. Sun, Y. Alem-
seged,  J. Wang, C. Song, C. W. Pyo, S. Filin, H. Harada. “Cognitive communication in 
TV white spaces: An overview of regulations, standards, and technology”. IEEE Commu-
nications Magazine, (2013), 51(7), pp.138-145. 

9. S. Bu,and F. R. Yu. “Green Cognitive Mobile Networks With Small Cells for Multimedia 
Communications in the Smart Grid Environment”. IEEE Transactions on Vehicular Tech-
nology, (2014), 63(5), pp. 2115-2126. 

10. F. Carvalho, W. Lopes, M. Alencar, and J. Filho. “Cognitive Vehicular Networks: An 
Overview”. Procedia Computer Science,(2015), 65, pp.107-114. 

11. R.Tandra, S.M.Mishra,  A.Sahai . What is a spectrum hole and what does it take to recog-
nize one?. Proceedings of the IEEE, 97(5), 824-848 (2009). 

12. S. M. Uddin, N. Mansoor, S. Hossain,  “Cognitive radio enabled vanet for multi-agent 
based intelligent traffic management system”. in Proceedings of the First International 
Conference on Advanced Information and Communication Technology (ICAICT-16) 
(2016). 

13. N. Elgaml, A. Khattab, H. A. Mourad. “Towards low-delay and high-throughput cognitive 
radio vehicular networks”. ICT Express, (2017), 3(4), 183-187. 

14. A. A. Ahmed, A. A. Alkheir, D. Said, H. T. Mouftah. “Cooperative spectrum sensing for 
cognitive radio vehicular ad hoc networks: An overview and open research issues”. 
In 2016 IEEE Canadian Conference on Electrical and Computer Engineering 
(CCECE) (pp. 1-4). IEEE (2016). 

15. M. JalilPiran, A. Ali, D. Y. Suh. “Fuzzy-based sensor fusion for cognitive radio-based ve-
hicular ad hoc and sensor networks”. Mathematical Problems in Engineering, 2015, 
(2015), pp. 1-9.  

16. J. Eze, S. Zhang, E. Liu, E. Eze. “Cognitive radio technology assisted vehicular ad-hoc 
networks (VANETs): Current status, challenges, and research trends”. In 2017 23rd Inter-
national Conference on Automation and Computing (ICAC) (pp. 1-6).IEEE (2017) 

17. M.G.Rubinstein, F.B.Abdesslem, M.D.de.Amorim, S.R.Cavalcanti, R.D.S.Alves, L.Costa, 
O.Duarte, M.Campista. “Measuring the capacity of in-car to in-car vehicular networks”. 
IEEE Communications Magazine, (2009), 47(11), pp.128-136.  

18. M. D. Felice, R. D. Mohammady, K. R. Chowdhury, L. Bononi. “smart radios for smart 
vehicles: cognitive vehicular networks”. IEEE Vehicular Technology Magazine, (2012), 
7(2), pp. 26-33.  

19. M. Islam, C. Koh, S. Oh, X. Qing, Y. Lai, C. Wang,  …W.Toh. “Spectrum survey in Sin-
gapore: Occupancy measurements and analyses” 3rd International Conference on cognitive 
radio oriented wireless networks and communications, Luxemborg (2008), (pp. 1–7). 



10 

20. K. Tsukamoto, S. Matsuoka, O. Altintas, M. Tsuru, Y. Oie. “Distributed channel coordina-
tion in cognitive wireless vehicle-to-vehicle communications”. In Proc. Int. Conf. on Wire-
less Access in Vehicular Environment (WAVE 2008), Dearborn, MI, USA(2008) 

21. L. Zhongding, F. Chin, "A reliable and power efficient beacon structure for cognitive radio 
systems", IEEE Transactions on Broadcasting, (2008), 54(2), pp. 182-187.  

22. S. Haykin, "Cognitive radio: brain-empowered wireless communications", IEEE Journal 
on Selected Areas in Communications, (2005), 23(2), pp. 201-220. 

23. J. Kim, M. Krunz. “Spectrum-aware beaconless geographical routing protocol for cogni-
tive radio enabled vehicular networks”. Mobile Networks and Applications, (2013), 18(6), 
pp.854-866  

24. Q. Guan, F. R. Yu, S. Jiang. “Topology control and routing in cognitive radio mobile ad 
hoc networks”. In Cognitive Radio Mobile Ad Hoc Networks (pp. 209-225). Springer, 
New York, NY (2011). 

25. J. Kim, M. Krunz. “Spectrum-aware Beaconless Geographical Routing Protocol for Cogni-
tive Radio Enabled Vehicular Networks”. Mobile Networks and Applications, 18(6), 
pp.854-866 (2013). 

26. W.Kim, S.Y.Oh, M.Gerla, J.S. Park. “COCAST: multicast mobile ad hoc networks using 
cognitive radio”. In MILCOM 2009-2009 IEEE Military Communications Conference , 
(2009), pp. 1-7. 


