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Abstract- Spectrum sensing is the foundation on which the whole Cognitive Radio network(CR) depends. It has shown new 

methods for cognitive radio and many ways to approach the radio spectrum in a opportunistic manner. The current wireless 

systems are regulated by fixed spectrum assignment policy where a given spectrum band is assigned to a licensed user on a long 

term basis and for larger geographic location. A recent investigation by FCC has shown that most of such licensed spectrum 

remains unoccupied for large periods of time i.e. large portion of assigned spectrum remains unused for a long time duration. CR 

operate as a secondary service on non-interfering, non-protection basis, alongside other services using the same frequency 

band[8]. CR work non-intrusively, and  protect Primary Users(PUs), and vacate the spectrum in case of a PU appearance. 

Detection performance of a network relies on various fators such as fading, reciever uncertainty, shadowing effect ect and the 

method which deals with all these factors to provide accurate results to CR is known as Cooperative Spectrum Sensing. This 

paper gives an introduction to spectrum sensing, its techniques, cooperative spectrum sensing and elements of cooperative 

spectrum sensing. Finally, this paper concludes that cooperative sensing becomes crucial if the network all together is to prevent 

interference with each primary user. 

 

Keywords- Spectrum holes, spectrum sensing, cooperative sensing, non-cooperative sensing.  Dynamic Spectrum Allocation 

(DSA), Primary User (PU), Secondary User (SU). 

 

I. Introduction 

 

The concept of cognitive radio was first proposed by Joseph Mitola III in 2000. The fundamental activities of cognitive radio 

include (i) monitoring the available spectrum band in RF radio environment and capturing spectrum hole information (observe), 

(ii) Estimating the captured spectrum signal information by identifying functional relation between measurements and  

system configurations (orient), (iii) evaluating the outcome of orientation phase by gathering knowledge to be exploited in future 

with the aim of improving decision capability (learn), (iv) choosing appropriate spectrum band according to the spectrum 

characteristics and user information (decide), and(v) performing actions by effectively utilizing available bands (act). This set of 

activities, referred to as cognitive cycle, is represented in Fig. 2[4]. 
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            Fig. 1 Cognitive Cycle[4] 

 

 To determine the presence or absence of primary user transmission, different spectrum sensing techniques using matched 

filter, cyclostationary detection and energy detection have been proposed in the literature.Three types of spectrum sensing 

techniques are as following[6]:- 

1. Transmitter Detection (Non-Cooperative) 

2. Reciever Detection (Cooperative) 

3. Interference Based Detection  

Here we are discussing Transmitter Detection which is further devided into three parts:- 

i. Energy Detection 

ii. Matched Filter Detection 

iii. Cyclostastionary Feature Detection 

 

 
                Fig.2 Spectrum Sensing Techniques 

On the basis of required accuracy and complexity of the system we can select the most suitable spectrum sensing technique. 
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Fig.3 Main sensing methods in terms of their sensing accuracies and complexities [6]. 

 

II. Energy Detection 

 Compared with other detectors, the energy detection is well suited for local sensing because it does not require any prior 

knowledge about PU signal properties. Energy detector is the optimal way of local spectrum sensing which does not require any 

prior knowledge about primary signal. 
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The operation of energy detector is based on Binary Hypothesis testing problem which can be performed by each SU to decide 

presence/absence of PU. The statistical inference drawn from Binary hypothesis test includes 0H  and 1H  to represent presence 

and absence of PU respectively. Based on this, the received signal of the ith SU at sample index n is given by, 
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where wi (n) is the Additive White-Gaussian Noise (AWGN), s(n) is the primary user signal and hi (n) is the gain of the sensing 

channel between PU and SU.  

The decision metric for the energy detector can be written as, 
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N = observation vector [4]. 

The performance of energy detector can be evaluated by using two probabilities: Probability of detection Pd and Probability of 

false alarm Pf. The probability of detection Pd is to decide the presence of primary user when it is truly present. In contrary, the Pf 

is to decide the presence of PU when it is actually not present. It can be formulated as, 

Pd = Pr (Decide 10 HH ) 

Pf = Pr (Decide 01 HH ) 

Pd=Probability of Detection 

Pf=Probability of False Alarm [8]. 
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III. Cooperative spectrum sensing 

 Cognitive radio (CR) has emerged as a revolutionary approach to ease the spectrum utilization inefficiency. In underlay CR 

networks, the secondary users (SUs) are permitted to access the spectrum of the primary users (PUs), only when the peak 

interference power constraint at the PUs is satisfied [4][7]. The sensitivity requirement and the hardware limitation issues can be 

considerably relieved by cooperative sensing. As shown in Fig.4, the performance degradation due to multipath fading and 

shadowing can be overcome by cooperative sensing such that the receiver’s sensitivity can be approximately set to the same level 

of nominal path loss without increasing the implementation cost of CR devices.  

 

Fig.4 Improvement of sensitivity with cooperative sensing [11] 

 

To facilitate the analysis of cooperative sensing, we classify cooperative spectrum sensing into three categories based on how 

cooperating CR users share the sensing data in the network [11]:  

1. Centralized  

2. Distributed and  

3. Relay-Assisted  

These three types of cooperative sensing are illustrated in Fig. 5. 

 

Fig.5 Classification of cooperative sensing: (a) centralized, (b) distributed, and (c) relay-assisted [11]. 

In centralized cooperative sensing, a central identity called fusion centre (FC) controls the three-step process of cooperative 

sensing. First, the FC selects a channel or a frequency band of interest for sensing and instructs all cooperating CR users to 

individually perform local sensing. Second, all cooperating CR users report their sensing results via the control channel. Then the 

FC combines the received local sensing information, determines the presence of PUs, and diffuses the decision back to 

cooperating CR users. In addition to centralized and distributed cooperative sensing, the third scheme is relay-assisted cooperative 

sensing. Since both sensing channel and report channel are not perfect, a CR user observing a weak sensing channel and a strong 
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report channel and a CR user with a strong sensing channel and a weak report channel, for example, can complement and 

cooperate with each other to improve the performance of cooperative sensing[11]. 

IV. Framework of cooperative sensing 

The figure shows the framework of centralized cooperative sensing from the physical layer. In this, a collection of cooperating CR 

users performs local sensing with an RF frontend and a local processing unit. The unprocessed sensing data from the RF frontend 

is directly sent to the FC or can be sent for process to make local decision. Once the raw sensing data or the local decisions are 

ready, a medium access control (MAC) scheme is required to access the control channel for reporting the sensing results. 

 

 
Fig.6 Framework of centralized cooperative sensing [11] 

In centralized spectrum sensing techniques, at the fusion centre, there are mainly two types of combining techniques:- 

1. HARD Combining: Each node decides on the presence or absence of the primary user and sends its decision to central unit or 

other nodes. One advantage of this method is the easiness and that it needs less bandwidth. 

 

Fig.7 Data Combining Techniques 

HARD Combining Methods:- 

(i) OR 
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(iii) M out of N 

(iv) Other Methods (Censor) 

(i)OR: In this method even if just one node detects the primary user’s signal, the whole system decides that the primary user is 

present. Logic is remain same i.e. if anyone input is 1 then the output is always 1.  

(ii)AND: When this method is applied the whole cognitive system will consider the primary user present, if all of the nodes can 

detect it. Logic is remain same i.e. output will be 1 when all the inputs are 1.  
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(iii)M out of N: This method will help the system designer to decide on the number of the nodes which will cause the system to 

consider the primary user present.  A kind of M out of N method in which the number of M is equal to [N/2]+1. While the number 

of M changes with the changes in the number of N, this method works better than the simple M out of N. 

 

(iv)Censor (Double threshold Detection): In censoring method each node will decide using two thresholds and if the detection 

energy is between thresholds the node will sent nothing to the central unit. Depends on the number of the nodes that do not send 

bits to the central unit the spectrum utilization will reduce.  

 

2. SOFT Combining: 

The node does not decide and just sends its observations to central unit or other nodes. Although this method consume more 

bandwidth but it works better than hard methods. 

SOFT Combining Methods:- 

(i) Equal Gain Combining  

(ii) Maximal Gain Combining 

(i)Equal Gain Combining: It is one of the simplest soft methods. In this method the estimated energy in each node is sent to the 

base station and there they will be added together. Then this summation is compared to a threshold to decide on the existence or 

absence of the primary user.  

 

(ii)Maximal Gain Combining: The difference between this method and equal gain combining is that in this method the energy 

received in the central unit is multiplied to a weight and then added up. This weight depends on the distance from the node and the 

primary user.  

 

V. Cooperative Spectrum Sensing in Cognitive Radios 

Some methods for cooperative spectrum sensing in cognitive radios are described in this paper.  

1. Perceptron Network:  

The author has used Perceptron Network here:- 

 

Fig.8 Perceptron Network[4] 

We can write this perceptron network in the form of matrix. The collection of energy vectors of each Secondary User (SU) is 

represented using a matrix shown below. In this matrix, the row vectors and column vectors are considered as secondary users and 

number of channels respectively. 
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Based on the local decisions of the N SU’s, the fusion centre will take a final decision as explained in the next sub-section.  

Collaborative decision approach which is known as Cooperative Spectrum Sensing(CSS) is used to overcome the limiting effects 

like channel fading and shadowing effect. All SUs report the estimated energy level (decision vectors) to the Fusion Centre (FC) 

through a reporting channel to make the final decision. We calculate the mean energy value and the weight for each secondary 

user is the ratio of the corresponding energy value and the mean computed for the channel. 
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The weight assigned to every secondary user is multiplied to the local decision value and the cumulative sum obtained from all the 

secondary users (N) is used to determine the final decision of the FC. This linear combination of the weights and the local 

decision vectors produce the Target Output.  

The FC collects local sensing results (decision vectors) of each SU and it acts as input to the perceptron network. The decision 

vector is denoted as:- 

Y=(X1,X2,………..,XN) 

The weight vectors (w) are determined by the method proposed earlier using the mean of the energy values. The bias value (b) is 

used for shifting the hyper plane away from the origin. The hard limit function determines the network output which gives the 

final decision of FC about availability of primary channel. The input (n) to the hard limit function is determined as [4], 
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2. Energy-Decisive and Upgrade Cooperative Spectrum Sensing in Cognitive Radio Networks [12]: 

 

Here we discussed the implications of facilitating higher energy efficiency in cognitive radio network from the perspective of 

fundamental trade-offs (i.e. what need to sacrifices to be energy efficient). here we have modelled given optimization problem 

with two different strategies. In first strategy only one phase of coarse spectrum sensing is activated in situation of absence of 

primary user or Signal-to-Noise Ratio (SNR) quantity is quite large. The second strategy accomplished for quality spectrum 

sensing. Here only single bit results send to the fusion centres (FC), which overcome the consumption. And next algorithm finally 

exploits the local outcomes of coarse detection. It conserves the energy and improves a detection performance in noticeable 

amount. Simulation results shows that proposed strategies can achieve goal of minimum energy, less sensing time and better 

performance. 

 

System Model:- 

Here we perform the spectrum sensing in cognitive radio with the help of energy detection method as described above. Now for 

various cognitive users we have to perform cooperative sensing. 

 

Energy efficient cooperative sensing: Energy efficiency is basically described as the number of data bits transmitted in unit of 

energy. Here, the objective is to improve the energy efficiency in cooperative sensing, communicating cooperative outcome to 

central module (FC) by fulfilment of authenticity constrain and impart specific throughput to secondary users. Also the 

optimization of CR performance can be achieved with energy limitation by detection accuracy control. Particularly, this technique 

explores the trade-off among two feature of sensing time. First, a long lasting spectrum sensing expends much more energy of 

every CR users. Second, if spectrum sensing last for lengthy duration, detection performance enhance at every CR user and side 

by CR user count and relevant energy reduced. Thus, to compensate between energy depletion and its overhead owing of expected 

detection performance, this technique attain most favourable sensing duration and quantity of CR users. Furthermore, in CR 

network a sleep mode is always present while transmission. So during sleep mode if sensing transceiver switches off, observation 

and transmission energy can be saved additionally. 
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Fig.9 The two stage one-bit cooperative spectrum sensing scheme [12] 

 

3. Bayesian Detector based Superior Selective Reporting Mechanism for Cooperative Spectrum Sensing in Cognitive 

Radio Networks[13]: 

Bayesian Detector based Superior Selective Reporting Cooperative Sensing (BDSSRCS) scheme. Superior Selective Reporting 

(SSR) scheme competently reduces reporting overhead and mitigates interference to PUs. Bayesian based sensing technique for 

local sensing improves detection performance, spectrum utilization and secondary user throughput. 

Bayesian Detector: According to binary hypothesis testing, test statistics of Bayesian rule is to compute the likelihood ratio and 

compare with the threshold δ. The probability ratio test (PRT) of the hypothesis 
1H  and 0H  for the received signal r(t) can be 

defined as: 
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Finally, the probability ratio test )(rTPRT
 is compared with a threshold δ that depends on the cost function, which is properly 

chosen to reduce the estimated posterior cost defined as:- 
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Thus based on, we know that at low SNR the detection probability and false alarm probability of Bayesian detector are 

respectively given as:- 
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Usually the threshold is calculated by fixing individual false alarm probability and is given by: 

  FPQN 12exp    

 

Where 
1Q  is the inverse function of marcum-Q function. Thus by using (5) on (3), individual detection probability using 

Bayesian detector is obtained. 
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VI. Conclusion 
 
Cooperating sensing is essential to avoid the interference with the users of licensed band In this paper we described the system 

requisites to carry out the spectrum sensing task. We further discussed different types of cooperative spectrum sensing techniques. 

Based on requirement we choose a method among many for cognitive radio so that it can work more accurately. 

It helps to reduce hidden node problem where the licensed users are not detected but the receivers facing interference are able to 

detect both the licensed and the transmissions of the cognitive radio system. Cooperative sensing helps to acquire accurate sensing 

information which further reduces the number of false alarms. It also provides precise signal detection and maximizes the system 

reliability. 
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