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Abstract: Cognitive radios, with the capabilities to sense the operating environment, learn and adapt in real time according to 

environment creating a form of mesh network, is seen as a promising technology. The radio frequency spectrum is a limited 

natural resource to enable wireless communication between transmitters and receivers. Licenses are usually required for 

operation on certain frequency bands. The use of radio frequency spectrum is globally governed by the International 

Telecommunication Union (ITU). The availability of spectrum holes, i.e., frequency bands assigned to a primary user but that 

are vacant in a given place at a given time, can be estimated with spectrum sensing techniques, such as feature detection and 

energy detection. 

Index Terms: Cognitive radio (CR), cognitive radio network topology, characteristics of spectrum, spectrum sensing. 

 
 

I. INTRODUCTION  

A generic Cognitive Radio system has three broad 

elements. These elements incorporate an understanding 

of: 

-the radio frequency environment in which it is operating 

-the communications requirements of its user; and 

-the various network and regulatory policies which apply 

to it. 

 

These three elements will need to interact with each other 

to provide an ideal Cognitive Radio system. 

The definitions of CR are still being developed by 

industry and academia. At one extreme, a Full CR is 

assumed to be a fully re-configurable radio device that 

can “cognitively” adapt itself to both users’ needs and its 

local environment. A CR can be defined as “…a radio 

that is aware of its surroundings and adapts 

intelligently”. This may require adaptation and 

intelligence at all the 7 layers of the ISO model. Cognitive 

radio technologies can be used in lower priority secondary 

systems that improve spectral efficiency by sensing the 

environment and then filling the discovered gaps of 

unused licensed spectrum with their own transmissions.  

 

II. COGNITIVE RADIO NETWORK TOPOLOGIES  

  A CRN is a wireless communication network in which 

end user nodes are CRs. CRN topology can be classified 

into two types: 

1. Centralized (infrastructure-based) network 

topology. 

2. Distributed (infrastructure-less or ad hoc) 

network topology. 

 

 

 

1. Centralized Network Topology: 

In central network topology a central node such as a base 

station (BS) or access point (AP) is deployed with several 

SUs associated with it, as shown in Fig. 1. In a centralized 

network, a base station controls all the secondary units 

(clients) within its transmission range. There is no direct 

communication of secondary units with each other. 

 
Fig.1 Centralized Network Topology 

 

Examples of centralized CRN: IEEE802.22, cellular 

network. 

2. Distributed Network Topology: 

In the distributed CR ad hoc network (CRAHN) topology, 

there is direct communication of secondary units with 

each other without any central node as shown in Fig.2. 

So, spectrum decision in CRAHNs does not rely on a 

central node. 

There are two critical issues in CRAHN:  
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1. Channel availability is determined by the present 

behavior of PUs, which may vary with location, 

time and frequency [1].  

2. Re-routing and switching to other available 

channels or links once the PU appears on the 

occupied channel [2]. 

 
Fig.2 Distributed Network Topology 

 

 III. CHARACTERSITICITES OF SPECTRUM 

COGNITIVE RADIO NETWORKS (CRNS) 

 Over a wide range of frequency, there are multiple 

spectrum bands with different channel characteristics [3]. 

For most suitable spectrum band it is important to identify 

the characteristics of each and every available spectrum 

band. Spectrum characterization should include both the 

current RF environment conditions and the observed PU 

activity modeling. 

 

A. Radio Frequency Environment 

Characterization 

                                                                 

The key elements for radio frequency environment 

characterization are: (1) channel identification, (2) 

channel capacity, (3) spectrum switching delay, (4) 

channel holding time (CHT), (5) path loss [2] [4]. 

 

1. Channel Identification 

Primary channel identification is the most important step 

for each CRN. Applications of CRN are television (TV) 

white space networks, smart grid networks, machine-to –

machine networks, wireless medical networks, public 

safety networks, broadband cellular network [5]. These 

applications or networks follow different traffic data 

patterns, either deterministic or stochastic. 

Examples of deterministic traffic data: TV broadcasting 

(longer periods) and radar transmitters (shorter periods). 

Example of stochastic traffic data: cellular networks. 

2. Channel Capacity Estimation 

Channel Capacity can be determined by using the 

parameters of channel interference level, error rate, path 

loss, delay and holding time [6]. Channel capacity can 

also estimated by using the signal-to-noise- ratio (SNR) 

leads to non-optimal spectrum decision [7]. 

For an orthogonal frequency division multiplex (OFDM) 

system, Let each spectrum band i has a different 

bandwidth Bi, consisting of multiple subcarriers. A 

normalized CR capacity CCR i (k) model of spectrum 

band i for user k is proposed in [3] for spectrum 

characterization in CRNs. 

This CCR i model defines the expected normalized 

capacity of user k in spectrum band i as: 

 

 

 

where Ci(k) represents the spectrum capacity, 

 ci(k) (with small c) is the normalized channel capacity of 

spectrum band i in bits/sec/Hz, 

 τ is the spectrum switching delay, 

γi represents the spectrum sensing efficiency and 

T off I is the expected transmission time without 

switching in spectrum band i. 

 

3. Channel Switching Delay 

Channel switching may be generated by the detection of 

PUs on the operating channel, by degradation of the QoS 

due to interference, or traffic load in the current channel 

[8]. During channel switching the SUs dynamically 

switch from one channel to another channel. This 

switching causes the additional delay to CRNs which is 

called Switching Delay. Switching delays depends on the 

technology of hardware and algorithms used by PUs. 

Switching delay must be short as possible so that it does 

not affect the overall performance of CRN performance. 

Switching delay can be considered as switching delay as 

the sum of spectrum sensing duration and the channel 

recovery time [9].  

 There are two types of channel switching techniques: 

Periodic Switching and Triggered Switching.  

In periodic switching, SUs switch to a new channel takes 

place only at the beginning of each channel switching 

interval whereas in triggered switching, the SUs switch to 

a new channel takes place as soon as the current channel 

is no longer available [10]. 

4. Channel Holding Time 

The holding time of a channel refers to the expected time 

duration in which SUs can work on licensed band before 

getting interrupted. Because the activities of PUs may be 

different on each channel, the holding time would be 

changed accordingly. The longer the holding time, the 

better the channel quality would be. 
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5. Path Loss 

The path loss is related to the distance between the SU 

transmitter and the receiver, as well as the central 

frequency. The path loss is directly proportional to the 

distance and the frequency. The average path loss can be 

expressed by using the path loss exponent (α) [11]. For 

free space, the path loss exponent α is equal to 2. 

 

B. Primary User Activity Modelling 

For SUs, best available spectrum band for transmission is 

decided by using the primary user activity modelling. PU 

activity modelling provides more effective spectrum 

usage for SUs thus enhance the CRNs performance [12]. 

The techniques for PU activity modeling are:  

1. PU activity based on Poisson Modelling   

2. PU activity based on Statistics  

 

1) PU Activity based on Poisson Modelling 

In the Poisson Modelling, each user is independent and 

the PU transmission is assumed to follow the Poisson 

arrival process. 

It is a two- state death-birth process, where death-rate is α 

and birth -rate β. For a large-scale measurement-driven 

characterization of PU activity in cellular networks [13] 

the PU activity durations are non-exponential, so Poisson 

modeling fails. 

Drawbacks: 1.It does not capture short-term temporal 

variations. 

          2. It does not consider similarities and 

correlations within data.                     

 

2) PU Modelling Based on Statistics                 

 PU Modelling Based on Statistics overcomes the 

drawbacks of Poisson modelling. This method is very 

simple and easy to implement. In PU modeling based on 

statistics the steps are:  

1. All the spectrum usage information is collected and 

then stored this information in the channel database.   

2. If the channel is free, the channel state (CS) flag is set 

to 0.  

3. If channel is occupied then CS is set to 1.  

4. Once the spectrum information is stored, the traffic 

patterns of each channel are cauterized as either stochastic 

or deterministic.  

 

IV.   SPECTRUM SENSING                   

   Spectrum sensing is:  1. Determining the spectrum hole. 

The spectrum hole is a portion of spectrum assigned to the 

PUs but left unused for a certain time. 

2. Ability to measure 

3. Ability to sense 

4. Availability of spectrum and transmit power 

5. Detecting unused spectrum and sharing the spectrum 

without harmful interference with other users 

 

Spectrum sensing is done across Frequency, Time and 

code. Operation of cognitive radio depends upon 

spectrum sensing.     

 

       

 Principle of Spectrum Sensing    

             

 
                Fig.3 Principle of Spectrum Sensing 

The PU transmitter is transmitting the data to its intended 

PU receiver in a licensed spectrum band while a pair of 

SUs intends to access the spectrum. To guarantee the 

protection of PU transmission, the SU transmitter needs to 

perform spectrum sensing to detect whether there is a PU 

receiver in the coverage of the SU transmitter. 

 

V.   SPECTRUM SENSING TECHNIQUES                   

 

 
               Fig.4 Types of Spectrum Sensing Techniques 

 

A. Direct Spectrum Sensing 

Direct spectrum sensing can be defined as directly 

detecting the primary Rx.  

Direct spectrum sensing can be done by using 1.Local 

Oscillator Detection 2. Proactive Detection 

 

1. Local Oscillator Detection 

Local oscillator is an oscillator which is used with a mixer 

to chance the frequency of signal. During this process, 
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there is some leakage of signal which has been used in 

spectrum sensing for detection. 

Disadvantages: 1. Short detection range.  2. Long 

detection time. 

 

 

2.  Proactive Detection 

In proactive detection the proactive sensing detects the 

primary receiver by sending a sound and observing the 

response. 

When there is a primary Rx, the interference power will 

temporally grow otherwise no chance in power. 

Disadvantage: It causes interference to the primary Rx’s. 

 

B. Indirect Spectrum Sensing 

Indirect spectrum sensing detects the presence or absence 

of primary signals. Based on the information of PUs, 

different kinds of detection techniques can be used. These 

can be 1. Energy Detection 2. Matched Filter Detection 3. 

Cyclostationary Feature Detection 

 

 

1. Energy Detection 
Energy detection based on the principle of non- coherent 

detection. Energy detection is also known as Blind signal 

detection because it does not require prior knowledge 

about the primary network. In energy detection, decision 

is taken by comparing the output energy (Y) with the 

threshold signal to noise ratio (λ).  If Y is greater than λ 

than it shows that the presence of primary user. If Y is 

less than λ than it shows that the absence of primary user. 

 
              Fig.5 Block Diagram of Energy Detector 

 

Advantages: 1. Simple to design. 

2.Less complexity. 

Disadvantages: 1. High sensing time 

2. Can not distinguish primary signals and noise signals 

 

2. Matched Filter Detection 

Matched filter detection based on the principle of 

coherent detection. It is designed for maximizing the 

received signal to noise ratio for AWGN channels. 

Matched Filter can be used only when the secondary user 

has a priori knowledge of primary user signal.  

 

 
                  Fig.6 Block Diagram of Matched Filter 

 

Advantages: 1. Short sensing time. 

2. Matched filter detection is optimal detection in 

stationary Gaussian noise. 

Disadvantages: 1. For every SU dedicated sensing 

receiver is required. 

2.Computitional  complexity is based on primary 

network.  

 

3.  Cyclostationary Feature Detection 

Modulated signals are associated with periodicities, so 

can be used for spectrum sensing which is called 

cyclostationary detection [28].The cyclostationary feature 

doesnot vary with SNR, which makes cyclostationary 

detector to work in very low SNR region[31]. 

 Fig.7 Block Diagram of Cyclostationary Feature     

Detection 

 

Advantages:1. Improves the overall CR throughput. 

2.Robust to noise uncertainties. 

Disadvantages: 1. Long sensing time. 

2.High computational complexity. 

3.Requires excessive signal processing capabilities. 

 

VI. CONCLUSION                                                              

This paper presents a critical review of cognitive radios 

and cognitive radio networks. It covers different aspects 

of spectrum sensing techniques in literature and their 

advantages, disadvantages. The energy detection 

technique is preferred the because of its low 

computational and implementation complexities. 
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