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Abstract— Vehicular communication makes transportation 

system intelligent but due to increase in number of vehicles 

free band is overcrowded. To tackle the problem of spectrum 

scarcity Cognitive Radio(CR) can be implemented in license 

band with the help of cooperative spectrum sensing. The 

proposed system will minimize high mobility issues as well 

as it will improve spectrum efficiency. With the help of 

decision fusion techniques & renewal process we will analyze 

the probability of detection of primary user & average waiting 

time for CR user, followed by this mathematical analysis is 

performed to check the same. Results will show that this 

model based on renewal process is more suitable for vehicular 

communication. 
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I. INTRODUCTION 

Introduction in vehicular communication, the CR allows 

opportunistic spectrum usage along with the utilization of 

dedicated short-range communication channels. In vehicular 

network, CR is relatively a novel research technique since it 

required consider-able attention from the research 

community. Therefore, various researchers are working on 

CR-based vehicular communication [1]. Based on the current 

literature, the research shows that CR network could not be 

directly applied to the vehicular communication. Hence, 

cooperative opportunities need to be taken while designing 

the spectrum management function for CR. Unlike static CR 

scenarios, CR in vehicular communication requires multiple 

cooperating vehicles, which can exchange spectrum 

information to get information on available spectrum [2]. 

This enables other vehicles to take proactive adaptive 

measurements according to the spectrum characteristics. 

Therefore, CR-based vehicular communication results in 

improved performance of various vehicular applications. The 

primary objectives of the CR are highly reliable 

communication whenever and wherever needed for efficient 

utilization of the radio resources. These are some of the 

important functions of CR, such as spectrum sensing, 

spectrum management, spectrum mobility, and spectrum 

sharing. Spectrum sensing is vital because of its functionality, 

which determines which portion of the spectrum is available 

and detects the presence of bandwidth and acquires them in a 

vehicular environment. Furthermore, we will discuss the role 

cooperative  spectrum  sensing  in  vehicular communication 

model that supports our assumptions, focusing on showing 

the differences from our approach. 

CR system has various advantages and flexibility. A 

predominant interest around the world in exploiting enabled 

communications in vehicular and transportation 

environments. The integration of CR devices and CR 

networks into vehicles and associated infrastructures can lead 

to intelligent interactions with the transportation system, 

among vehicles. Furthermore, due to integration, we can 

achieve radio resource management and energy efficiency, 

road traffic management, network management, vehicular 

diagnostics, road traffic awareness for applications, such as 

route planning, mobile commerce, and so on. 

In the vehicular environment, CR temporarily until 

the primary user (PU) occupies. The priority is to avoid the 

interference with the PU. Thus, spectrum sensing is highly 

reliable [3]. High mobility in vehicular communication could 

reduce the performance of the spectrum sensing. Majority of 

the work is focusing on improving the performance of 

spectrum sensing in high mobility. In addition, a possible 

solution for high mobility issues could be in cooperative 

spectrum sensing [4]. Vehicle with the spectrum sensing 

capability and frequently updated central spectrum database 

management, such as decision fusion controller (DFC) could 

be used for increasing the performance of spectrum sensing 

in vehicular communication. The delay and reliability of 

coordinated spectrum sensing in a vehicular environment is 

still under progress. An experiment suggests that sensing 

precision depends on vehicular speed and the location of the 

vehicle [5]. There are various challenges in CR-based 

vehicular communication, in which one of the challenges is 

the hardware requirement for the vast infrastructure. In 

spectrum sensing, identifying the hidden PU is a major issue. 

In addition, identification of spread spectrum PU has 

limitations and also determining the sensing duration. 

To make a decision in DFC cooperative spectrum 

sensing, some techniques for spectrum detection are used. 

In centralized spectrum sensing, we have some joint 

decision fusion techniques such as AND, OR, and counting 

rule. Additional wideband detection, blind spectrum sensing, 

the linear-quadratic (LQ) detector, hidden Markov model 

(HMM) are the decision fusion techniques used. On the other 

hand, in distributed spectrum sensing, we have some common 

decision fusion methods and gradient-based distributed 

cooperative spectrum sensing (GBCS). 

II. RELATED WORK 

We first present detailed study of cognitive vehicular 

communication. Then, we discuss the role of spectrum 

efficiency are designed in order to increase the spectrum 

opportunities for inter vehicle communication. In addition, a 

cooperative sensing and spectrum allocation scheme is 

introduced, through which vehicles can share information 

about spectrum availability of TV channels on their path. 

Moreover, the role of vehicular mobility in the cooperation 

process is investigated, i.e., in advance vehicle know the 

spectrum availability on future locations along its path. 

The recent progress and open research directions on 

applying CR in vehicular ad hoc networks (CR-VANETs) 

focusing on architecture, machine learning, cooperation, 

reprogram ability, and spectrum management applications 

are analyzed. Further- more, several challenges and 

requirements have been identified. The work presented in [7] 

suggested that on applying CR in vehicular networks is still 
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in its early stages. Moreover, some of the related testbeds and 

research projects on CR-VANETs were also discussed in 

detail. In the fast-emerging application area of cognitive radio 

vehicular (CRV) networks and the key research has already 

been undertaken are highlighted. The proposed method 

explores different architectures and the sensing schemes 

suited for highly mobile scenarios with emphasis on 

cooperation, and spectrum access methods that assure the 

availability of the required quality of service. The author 

briefs about the design of a new simulator tool that is able to 

merge information from real world street maps with licensed 

user activity patterns, thereby resulting in a powerful platform 

for testing and analysis of protocols for CRVs 

The performance of spectrum sensing examined, 

using energy detector (ED) over Gamma-shadowed 

Nakagami-m composite fading channel that is provided for 

both small- and large-scale fading. The results highlight the 

notable impact of shadowing spread and fading these verities 

of detection performance. Furthermore, it provides results 

that support the analytical evaluation of average detection 

probability. Moreover, the results are investigated and 

compared with other compound and classical channels 

[6].The unknown primary behavior and study the interference 

caused by their dynamic access is analyzed . Through the 

analysis the secondary user’s (SUs’) dynamic behavior in the 

primary channel that is modeled as an ON–OFF process, the 

author proves that the SUs’ communication behavior is a 

renewal process. Based on the Renewal Theory, which 

quantifies the interference caused by the SUs and derive the 

corresponding closed-form expressions. Furthermore, the 

simulation result shows the effectiveness of the analysis. 

The gradient-based fully distributed cooperative 

spectrum sensing in CR for ad hoc networks is designed. The 

licensed and used for TV transmission is considered the PU. 

The gra-dient field changes with the energy sensed by CR, 

and the gradient is calculated based on the components, 

which include energy sensed by secondary users and received 

from neighbors. Finally, the evaluation of the proposed 

scheme from the perspective of reliable sensing, convergence 

time, and energy consumption is productive. In [8], authors 

proposed a model using cooperative cognitive, which 

perform well for six autonomous vehicles, but lacks dynamic 

self-organizing cooperative systems that are essential for 

emergency. 

III. SYSTEM MODEL 

In vehicular environment, spectrum sensing plays an 

important role, in which the time consumption and spectral 

efficiency are the major constraints in vehicular 

communication. In CR, various types of spectrum sensing 

mechanisms are used, but, in general, cooperative sensing 

techniques are the unique. The sensing reliability and the 

efficiency of cooperative spectrum sensing are more suitable 

for vehicular networks. The basic idea is to minimize the 

sensing time on cooperative environment. In [9] in order to 

determine the probability of detection, average primary 

channel power needs to be examined. In addition, the channel 

energy detection is an important factor for detection 

performance. Hence, it minimizes the duration of sensing for 

efficient utilization of radio resources. 

In cooperative sensing vehicular environment, 

vehicles using CR that shares their sensing information with 

other vehicles for further utilization of the sensing 

information in a networking order to make a better decision. 

In [10] Vehicular users are considered as 

unlicensed/secondary users and are capable of sensing, 

analyzing, and accessing the spectrum opportunities 

dynamically. Each CR communicates their decisions to DFC. 

Hence, the final decision is made for the occupancy of the 

spectral resources. The DFC is a centralized controller for 

channel assignment and scheduling the secondary user (i.e., 

CR user) in a vehicular environment. 

There are two main classifications of cooperative 

spectrum sensing techniques 

1) Centralized cooperative sensing 

2) Distributed cooperative sensing 

A. Centralized Cooperative Sensing: 

In centralized cooperative, sensing DFC collects the 

information for decision making. In centralized cooperative 

sensing, the CR users interchange information about the 

existing status of spectrum availability to DFC in a vehicular 

environment. Then, DFC makes the final decision. The CR 

user does not decide and just sends its observations to the 

central unit or other CR users. The centralized cooperative 

spectrum sensing introduces an optimal linear cooperation for 

spectrum sensing that increases the probability of detecting in 

PU, and also mitigates the fading effects. 

 
Fig. 1: Centralized Spectrum Sensing 

B. Distributed Spectrum Sensing: 

In distributed spectrum sensing each CR makes its own 

decision Decentralized spectrum sensing approach does not 

use DFC. Therefore, the CR users in the network perform the 

local spectrum sensing individually. The information is 

shared among the collaborative users in the network to decide 

the collective probability of the PU. Each CR user will decide 

between them, with the collective information provided by 

DFC. For instance, Fig 2 has three CR users, the received 

collective information from three CR users collaborates the 

final decision, which is made by the individual CR user. In 

[11] Similar fusion policies are used in decentralized 

cooperative spectrum sensing approach in order to get the 

detection probability. In addition, we have GBCS for 

decentralized spectrum sensing 
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Fig. 2: Distributed Spectrum Sensing 

 
Fig. 3: Proposed system model 

In proposed model, we consider CR user’s 

influential behavior has renewal process and quantifying the 

average waiting time CR user in a particular PU transmitter 

through renewal theory. The application of the renewal 

process is to determine the available spectrum holes or 

spectrum channels. We consider primary channel ON–OFF 

state has renewal process. We assume that CR network has 

with two PUs and N CR users operation on two primary 

channels. Hence, in CR network, the PU can access the 

spectrum at any time, whereas secondary user is occupying it. 

Secondary user is not aware when then PU will occupy the 

spectrum. In CR network, the CR user’s final decision is 

determined by DFC. In CR network, DFC is responsible for 

defining the PU behavior and deciding the availability of the 

primary channel. There is the control channel for exchanging 

the information between the DFC and the CR user. The CR 

users should opportunistically access the primary channel to 

acquire more bandwidth for high data transmission. Fig. 3 

depicts the operation of proposed model. In PU network, we 

have PU Tx 1 and PU Tx 2, which has a spectrum hole that is 

currently available. CR user identifies the spectrum hole in 

the PU transmitter and occupies it. In the aforementioned 

scenario, the available spectrum from PU Tx 1 is occupied by 

CR 1 and the available spectrum in PU Tx2 is occupied by 

CR 3. CR 1 and CR 3 broadcast that information to CR DFC. 

The purpose of DFC in CR is deciding the availability of the 

PU, whereas a new user CR 2 is waiting for the service. We 

assume that the information broadcasted by the CR 1 and CR 

3 to DFC contains the available spectrum, where it contains 

the information on availability of the vacant spectrum. DFC 

can act as an intermediate node in order to the broadcast the 

available vacant spectrum for CR 3. We also assume that 

information processed by PU Tx is Poisson distribution, 

where assumption has been made based on the common 

discipline of first come first serve (FCFS). Hence, the CR 

user is severed according to the FCFS discipline. 

GBCS- In distributed cooperative spectrum sensing, 

each CR user exchange the initial measured energy with its 

neighbors. GBCS is used to improve the sensing performance 

without the centralized entity. The malicious node or the fake 

user that are present in the network would misguide the 

neighbor through false information. Hence, GBCS is to 

authenticate the cooperative users through the identifier-

based node authentication protocol. The performance of 

GBCS can be analyzed from the viewpoint of the probability 

of the detection and the probability of the false alarm. 

Although the decision is made at each CR in which the 

performance works in cooperative way. 

IV. RESULTS 

In the section, we present the numerical result for centralized 

spectrum sensing. The decision fusion technique which we 

have used to generate results is blind spectrum sensing as it 

will provide good results, because it assumes no information 

on the source signal. In proposed model we have used 

renewal process to analyze CR users behavior. Moto to use 

renewal process is to determine available spectrum holes or 

channels. 

Decision fusion method is efficient than commonly 

used techniques as it improves the probability of detection but 

on the other hand it increases the probability of false alarm 

comparatively with proposed model. In cooperative spectrum 

sensing, DFC is the centralized system where the decision is 

made or finalized. The vacant spectrum information or the 

available spectrum information is stored in DFC. 

 
Fig. 4: Primary signal 

A. Channel Sensing & Access: 

Results showing channel conditions of primary user as well 

as the, which CR user is allowed to access the channel at that 

interval. 

 
Fig. 5: Channel sensing results 

Results showing channel conditions of primary user 

as well as which CR user is allowed to access the channel at 

that interval. 
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B. Probabilities of Misdetection & False Alarm: 

 
Fig. 6: Misdetection vs false alarm graph 

With our method of blind spectrum sensing 

probability of misdetection & false alarm is reduced up to 

great extent when values of SNR are high. 

V. CONCLUSION 

We first discussed the opportunities and challenges of 

cooperative spectrum sensing in centralized and distributed 

spectrum sensing scenario in a vehicular network. The 

renewal theory model is proposed to demonstrate the 

implementation of spectral efficiency in cooperative 

vehicular network. During the course of action, we 

considered the effective usage of spectrum band in vehicular 

communication using centralized and distributed cooperative 

spectrum sensing environment. system model is design for 

decision fusion techniques using renewal theory and then we 

analyze the probability of detection of the primary channel 

and the average waiting time for CR user or secondary user 

in PU Tx. From the result and analysis, the probability of 

detection using renewal theory is comparatively high, by an 

increase the availability of the primary channel. 
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