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Problem description, cognitive transceiver architecture, principle of interweaving, spectrum sensing, 

spectrum management, spectrum sharing, overlay, underlay.  

 

 Cognitive radio 

The efficient use of available spectrum is a main requirement while designing a wireless system design, 

because the spectrum available is a finite resource. In the regulated spectrum allocation approach band of 

spectrum is assign to a particular service, and even a particular operator. A new technique or alternative 

approach is cognitive radio, in this users adapt to the environment conditions while using the existing 

spectrum. In cognitive radio transceiver detect the availability of communication channels which wireless 

channels are in use and which are free, and it select the free channels while avoiding occupied ones. This 

helpful in the reduction of the interference to other user and efficiently uses spectrum.  

The cognitive radio is a hybrid technology that involves software defined radio (SDR) which applied to spread 

spectrum communication. It also has the ability of encrypt and decrypt the signals to fine value and authorize 

its user transceiver to recognize its geographic location and amend output power and modulation 

characteristics. Cognitive radio can be define two types as follows 

 Fully cognitive radio: In the fully cognitive radio it adapts all transmission parameters of the environment 

like modulation technique used, multiple access technique, encoding techniques, center frequency, 

bandwidth used, and transmission times. It is also known as Mitola radio.  

 Spectrum-sensing cognitive radio: Only adapts the transmission frequency, time according and bandwidth 

according to the environment in this type of cognitive radio. This type of cognitive radio is also known as 

Dynamic Spectrum Access (DSA). 

 

 Cognitive transceiver architecture 

A cognitive radio is and intelligent radio that can be programmed and configured dynamically. Its transceiver 

is designed such that it uses best wireless channels from the available channels. It automatically detects 

available channel and then changes its transmission and reception parameters accordingly.  

 

 
Figure 4.1 Basic structure of a cognitive transceiver 

The transceiver of cognitive radio is divided into three parts 

1. Radio Frequency (RF) 

2. Analog to digital converter (ADC) 

3. Baseband Processing  

Figure 4.1 shows basic structure of the cognitive radio transceiver. On the basis of the type of cognitive radio 

one or more of portions is made adaptive. In case of a spectrum-sensing cognitive radio the RF front end is 

only differ a from a conventional receiver. Figure 4.2 shows a typical RF receiver front end which content Low 

Noise Amplifier (LNA), local oscillator, antennas, and automatic gain control (AGC) which all have to be 

wideband because cognitive radio can operate at all possible frequencies. 
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Figure 4.2 RF receiver front end 

The front end is responsible for the selection of the channel which the cognitive radio is to use. In case of a 

fully cognitive radio the baseband processing must be adaptive in nature as per the requirement. This can be 

full fill by implementing the baseband processing as software on a Digital Signal Processor (DSP).  

 

 Principles of Interweaving 

Interweaving is a process or methodology which makes a system more fast, efficient, and reliable. This is an 

approach where secondary user tries to identify the spectral use with respect locations or time or frequencies 

where primary users are not active. This approach is like as filling the holes. Principle of interweaving is based 

on 

1. Spectrum sensing: The secondary user has to identify which parts of spectrum/time frequency plane are 

not in use or not used by primary users. But the sensing has to be done in the presence of noise, and also 

signal level is important for utilizing the identified spectrum.  

2. Spectrum management: In this case the secondary system decides when, and in which part of the 

spectrum needs to transmit. This decision is depend on the following 

(i) Sensing information of spectrum 

(ii) Knowledge of the secondary user related to occupation of the first user spectrum.  

3. Spectrum sharing: It is method to decide how to divide the free spectrum that the secondary system uses.  

 

 Spectrum Sensing 

Spectrum sensing is a key requirement for cognitive radio i.e. detecting the presence of free 

spectrum/channel. The secondary user has to identify which parts of spectrum/time frequency plane are 

not in use or not used by primary users.  

 

 
Figure 4.3 Concept of spectrum holes. 

Three types of detectors are used for spectrum sensing in cognitive radio.  

1. Energy detection: It is used when the sensor has no information about the signal structure. Energy 

detection detects the spectrum by measuring the energy of the received signal in a certain frequency band.   

2. Matched filters: It provide better performance, but can only be used when the transmit signal waveform is 

known. A matched filter is a linear filter designed to maximize the output signal to noise ratio for a given input 

signal. 

3. Cyclostationary Detection: Digital modulated signals usually having the cyclostationary properties i.e. their 

statistical parameters vary periodically with time. It does not require information about the waveform, and 
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gives better performance as compared to energy detection.  

 

 Spectrum management  

The process of regulating the use of radio frequencies is known as spectrum management to promote 

efficient use of spectrum. Increasing demand for services wireless services such as mobile telephones and 

many others has required changes in spectrum allocation and it can be done by spectrum management. A 

cognitive radio system has to make decisions regarding which bandwidth and frequency band can use, and for 

what time duration to transmit in particular band. The spectrum sensing only gives information about the 

spectrum availability at a given point in time. It is most important in the cognitive radio system to keep a 

record related to the usage of spectrum.  

 

 Spectrum Sharing 

Spectrum sharing is distributing the detected spectral resources to the different users of a secondary 

system. A large variety of methods exist, depending on the degree of coordination between the users. At 

the one extreme, a centrally controlled scheme, where a master assigns the spectral resources to the 

different users, provides the best performance of the system at the price of significant overhead. On the 

other hand, uncoordinated competition between the different users does not require any message 

exchange, but has low efficiency. 

A key mathematical tool in the analysis of spectrum sharing is game theory. A game consists of a number of 

players, a strategy for each player, and a payoff each user adjusts its strategy in such a way that the payoff is 

maximized. It is noteworthy that the optimum strategies depend on the amount of coordination, i.e., how 

much each user knows about the other users and whether there is a central authority that can enforce 

certain rules of the game. 

In many cases, the ideal outcome of a game is to achieve a Pareto optimum also known as social optimum in 

that case, there is by definition no other outcome that has a better payoff for at least one player, and at the 

same time does not reduce the payoff for any other player. 

 

 Overlay 

A very different approach to cognitive radio is the overlay principle. In overlay, transmission is not avoided 

at the same time and frequency by primary and secondary user, but rather it is exploit. By using appropriate 

types of cooperation, the secondary user can help the primary user, and still at the same time transmit 

information of its own. 

Assume a very simple cognitive system: a primary TX/RX pair, as well as a secondary TX/RX pair tr ies to 

communicate over an Additive White Gaussian Noise (AWGN) channel. We furthermore assume that the 

secondary TX has full knowledge of the message of the primary user.  

1. The primary user uses a special type of code which allows an RX to decode the message as soon as it has 

gathered enough mutual information.   

2. The primary user employs Automatic Repeat request (ARQ), i.e., it retransmits the same message 

multiple times, until the primary RX finally gets it.  
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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