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ABSTRACT 

Cognitive networks are those whose capability extends not only to knowing and understanding the context, 

but also to those processes and scheduled tasks acted onto the knowledge. Networks of these types are 

required to process complex data; which may include taking cognitive decision such as planning, machine 

perception, machine learning apart from other inter-disciplinary priorities needed for constructing an 

advanced and a working AI. The present paper however brings out some debatable bullets on how to sense 

a variety of spectrum effectively with the necessary repercussion of circumventing complexity, fading, 

interference and other channel related effects. A couple of advanced techniques worth mentioning herein 

may be – average detection and false alarm probability, selection combining scheme (SC), cooperative 

spectrum sensing (CSS) and maximal ratio combining (MRC) scheme.  

Keywords:– Cognitive Radio (CR), cooperative spectrum sensing (CSS), Maximal Ratio Combining 

(MRC), Selection Combining (SC). 

1. Introduction 
Recently, cognitive networks has been used in several contexts such as communications 

and network technologies, including cognitive radio and cognitive networks [1,2,3]. 

Cognitive when applied to networks is to the capability of the network to adapt itself in 

response to conditions based on reasoning and the priority knowledge it has taken. The 

cognitive network is a network which dynamically alter its topology and the operational 



IJRIT International Journal of Research in Information Technology, Volume 3, Issue 4, April 2015, Pg. 349-357 

Shashank Shekhar, IJRIT-350 

 

parameters to the needs of a particular user while enforcing operating policies and 

regulatory policies and optimizing the overall performance of the network. The cognitive 

networks use the self- configuration capability to dynamically adapt the variation in 

operational and context. The design of cognitive network is not limited to the wireless 

networks but can applied to any network. Therefore, a cognitive network has a cognitive 

process that can trace the current network conditions and then decide and enactment on 

those conditions. The network is learnt from these conditions and used these conditions to 

make the future decisions for taking into account of end-to-end goals. The end-to-end 

scope is very much important because without this scope, there is only have a cognitive 

layer but not have a cognitive network. There are two levels of cognitive process, 

namely; node and network level. The end to end scopes are those decisions which have 

taken by the entire network to acquire the suggested goals. Cognitive networks is used to 

provide the better security against external attacks from the several layers of the network 

because of the end-to-end goals of cognitive networks. Cognitive networks access to 

radio spectrum is either licensed or unlicensed. In licensed spectrum, to use the specific 

spectrum bands are granted to an individual operator. In an unlicensed spectrum, some 

bands are declared free use by any operator or individual specific rules. The success of 

unlicensed services motivate the development of novel approach to use the unused 

spectrum on the opportunistic basis. Unlicensed users borrow spectrum from spectrum 

licensees and it is relatively unused across time and frequency [4], which may propose 

that spectrum scarcity is artificial [5]. Cognitive radio is considered  the enabling 

technology for dynamic spectrum access due to the ability of adapting parameters to 

change the requirements and conditions.The cognitive radio was given by Mitola [6] and 

suggests that it is a smart radio and it has power to sense the external environment. 

Recently, cognitive radio has received too much attention for two reasons: potential gain 

in spectral efficiency and flexibility.The primary requirement of cognitive radio (CR) 

networks is their capacity to scan the entire   spectral band in the presence or absence of 

primary users which is known as spectrum sensing. It is performed locally by secondary 

user and collectively by the group of secondary users. The available spectrum band is 

analyzed for communication to find out their ability. Link Error Rate, delays, Signal-to-

Noise Ratio, interference and holding time are used to find the most suitable band. When 
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spectrum band is chosen, secondary transmission takes place that band. When the 

secondary user finds any transmission of a primary user it vacates that corresponding 

spectrum band and discern for another void band. Spectrum handoff is the process of 

handing off the licensed spectrum to the primary user.Cognitive radio networks are of 

two types. One is centralized network and other is decentralized network. The centralized 

network is an infrastructure-oriented network and secondary users are handled by 

secondary base stations which are connected by the wired backbone. In a distributed or 

decentralized network the secondary user interlocution in an ad hoc manner among each 

other. Operation of spectrum sensing in case of distributed network is demonstrated 

collaboratively. This network is a co-existence of two or more wireless networks which 

are operating in unlicensed bands [7]. 

 

2. LITERATURE SURVEY 

The several methods used for performance analysis of different spectrum sensing 

techniques in cognitive radio networks are described below: 

A.  Energy Spectrum Sensing Algorithm 

An algorithm for the Cooperative Spectrum Sensing is provided by WANG Haijun et al. 

in 2011 [8] called Energy Cooperative Spectrum Sensing. The Cooperative energy 

spectrum sensing is used in cognitive radio (CR) networks. There are basically two 

cooperative sensing algorithms based on the correlation matrix are used. For both the 

diagonal elements and non-diagonal elements in the cooperative scheme the first 

algorithm used. When the sensing station finds the information of the channel gain 

between the primary user and the sensing nodes then second algorithm is used. The 

sensing performance is improved by these two smethods, peculiarly when the reckoning 

of cooperative nodes is capacious. 

 

B. Spectrum Sensing Aided Long-Term Spectrum Management 

This technique was highlighted by Paal E. Engelstad et al. [9], 2013. Wireless 

microphones are directing in the TV white spaces frequently appear at specific places like 

Schools and Churches and at the specific times. From the spectrum sensing statistics, the 
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position and dash pattern augured. There are three functions- the spectrum selection 

functions, are used for the sensing results to give the long- term spectrum usage for 

channel selection. Due to this, the performance is enhanced by minimizing the 

interference and maximizing the throughput. 

C. Risk Motivated Channel Selection Based Deference Structure 

Risk motivated channel selection based deference structure is provided by Kenneth 

Ezirim and Shamik Sengupta [10] in 2013. It may be mentioned that there is an obstinate 

trend in contest to acquire the utilized and ideal channels for the transmission of data in 

cognitive radio networks. This results in the misuse of the spectrum resources in attempt 

to access the unoccupied spectrum bands. This lanscope causes cognitive radio networks 

to incur huge losses, which in itself presents a major problem in self-coexistence among 

networks. To minimize these losses, a self-coexistence mechanism that allows cognitive 

radio networks to coexist with each other by implementing a risk-motivated channel 

selection based on deference structure. CR networks form a deference structure 

community to have more efficient access to a channel of interest and can defer 

transmission to one another on the same channel and hence minimizing chances of 

conflicts. For decision making process to become a part of a deference structure 

community, a CR network depends on a risk-motivated channel selection scheme to 

evaluate the tentative deference structure channel. 

D. Optimization algorithms for decision making 

Optimization for Centralized and Decentralized Cognitive Radio Networks based on 

optimization algorithms for decision making on radio resources in heterogeneous 

cognitive wireless networks with base stations being organized by Mikio Hasegawa et al. 

[11] in 2014. Cognitive radio technology improves radio resource usage by reconfiguring 

the wireless connection settings according to the optimum decisions which are made in 

relation to the collected context information; these algorithms for decision making to 

optimize radio resource usage in heterogeneous cognitive wireless networks. For CR 

networks with centralized distribution system, a novel optimization algorithm whose 

solution is guaranteed to be exactly optimal. To avoid an exponential increasing 
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complexity in large- scale wireless networks, target optimization problems as a 

minimum, cost-flow and find the solution of problem in polynomial time. For networks 

with a decentralized type management a distributed algorithm uses distributed energy 

minimization dynamics of the Hopfield–Tank neural network. The proposed algorithm 

minimizes a given objective function without any centralized calculation. 

E. Closed-Form Analysis of Relay-Based Cognitive Radio Networks 

Closed- Form Analysis of Relay-Based Cognitive Radio Networks Over Nakagami-m 

Fading Channels by Sattar Hussain [12] in 2014. To investigate the detection accuracy of 

a relay-based CR network over independent non- identical Nakagami- m fading channels. 

Using probability density function (PDF)  a new exact and approximated closed-form 

expressions for the average detection probability and the average false alarm probability 

with two diversity combining techniques: the maximal ratio combining (MRC) scheme 

and the selection combining (SC) scheme. To investigate the convergence rate of infinite 

series that appears in the derived exact closed- form expressions and to use a powerful 

acceleration algorithm that allows for the series termination with a finite number of terms. 

The results obtained show the necessity of including the relaying link statistics and the 

combination techniques in the performance analysis of CR networks. The closed-form is 

used to determine the energy threshold and the relaying power constraint that meet a 

given detection accuracy value over non- identically distributed Nakagami- m fading. 

F. Decentralized Throughput Maximization 

Decentralized Throughput Maximization in Cognitive Radio Wireless Mesh Networks by 

Amr A. El-Sherif [13] in 2014. Scheduling and spectrum allocation are tasks affecting the 

performance of cognitive radio wireless networks, where heterogeneity in channel 

availability limits the performance and poses a great challenge on protocol design. A 

distributed algorithm for scheduling and spectrum allocation with the objective of 

maximizing the network’s throughout subject to a delay constraint. During each time slot 

the spectrum allocation and scheduling problems involve selecting a subset of links are 

activated and based on spectrum sensing outcomes, allocating the available resources in 

these links. The problem is addressed by taking an aggregate utility maximization 
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problem. As the throughput of any data flow is limited by that of the weakest link along 

its end path the utility in each flow is chosen as a function of weakest link’s throughput. 

However, the delay performance and throughput of the network are characterized by 

using a queuing theoretic analysis and throughput is maximized through the application 

of Lagrangian duality postulate. The dual decomposition rule divides the problem into a 

set of sub-problems and these can be solved locally. Therefore, it allows to develop a 

scalable distributed algorithm. 

3. SUMMARY OF VARIOUS SPECTRUM SENSING METHODS 

In the following Table, contains all spectrum sensing methods that are explained 

previously: 

 

 

METHOD 

 

AUTHORS 

& 

YEAR 

 

 

 

BASED ON 

 

 

FINDINGS 

 

Energy 

Cooperative 

Spectrum 

Sensing 

 

 

WANG 

Haijun et al. 

In 2011 

 

Received signals 

correlation matrix 

 

Higher the number of 

cooperative nodes, faster the 

performance of the sensing 

algorithms 

 

Long-Term 

Aided 

Spectrum 

Management 

 

 

Paal E. 

Engelstad et 

al.  

In 2013 

 

Three spectrum 

selection functions 

 

More stable network with higher 

system throughput 

 

Risk 

 

Kenneth 

 

Self-coexistence 

 

Point out the effect of size k of 
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Motivated 

Channel 

Selection 

Ezirim & 

Shamik 

Sengupta 

 

In 2013 

 

mechanism Defence Structures on the 

performance of the member 

networks and the determination 

of an optimal size k for the best 

network performance 

 

 

Optimization 

algorithm for 

decision 

making 

 

 

Mikio 

Hasegawa et 

al.  

In 2014 

 

Radio resources in 

heterogeneous 

cognitive wireless 

networks 

 

 

A distributed algorithm using the 

distributed energy minimization 

dynamics of the Hopfield–Tank 

neural network reduces a given 

objective function without any 

centralized calculation 

 

 

Cooperative 

spectrum 

sensing 

(CSS) 

 

Sattar Hussain 

 

In 2014 

 

 

Average detection 

probability 

Average false alarm 

probability 

Maximal Ratio 

Combining scheme 

and Selection 

Combining  scheme 

 

 

The accuracy of detection 

changes with the number of 

diversity branches, fading 

severity and the power constraint 

 

To maximize the relaying power 

if a target of probability of 

detection is achieved 

 

 

Decentralized 

Throughput 

Maximization 

 

 

Amr A. El-

Sherif 

In 

2014 

 

Spectrum sensing 

outcomes 

 

The efficiency of the suggested 

distributed solution is enhanced 

and its ability to accommodate 

the changing network loads 

 

4. CONCLUSION 
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Cognitive Radio networks proposing a sinewy solution for dealing with the increasing the 

complexity of communication networks by emphatically networks with the capability of 

decision- making. In this paper, a survey on performance analysis of different spectrum 

sensing techniques in cognitive radio networks are constraints e.g. sensing performance, 

stable network with higher system throughput, reduce the interference, increase the 

relaying power, improved the efficiency of the decentralized solution, reduce the overall 

system complexity. This is concluded that long-term aided spectrum management 

technique gives more stable network with higher system throughput but it needs three 

functions, known as spectrum selection functions. Cooperative spectrum sensing (CSS) 

gives the good result for performance analysis of spectrum sensing. 
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