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Abstract— The key challenge of spectrum sensing is the detection of weak signals in noise with a very small probability of 

miss detection, which requires better understanding of very low SNR regimes. Using a Cognitive radio allows unlicensed 

users to access licensed frequency bands through dynamic spectrum access so as to reduce spectrum scarcity. The spectrum 

sensing problem has gained new aspects with cognitive radio and opportunistic spectrum access concepts, it is one of the 

most challenging issues in cognitive radio systems the paper explains sensing concept and its various forms. First cognitive 

radio standard called the Wireless Regional Area Network (WRAN). Physical and Medium Access Control (MAC) layer 

specifications are the main highlight of the standard. In the physical layer, the transmissions of IEEE802.22-based devices 

on target frequency bands are division multiple access (OFDMA).Multiple TV bands can be used simultaneously to enhance 

the system throughput by bonding techniques 
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I. INTRODUCTION 

 

The cognitive radio (CR) can be considered as another type of software-defined radio. CR can be termed as an intelligent 

wireless communication system. It is intelligent because it is aware of its environment and learns from the environment. 

Cognitive radios need to not only rapidly identify spectrum over very wide bandwidth, but also make reliable decisions in noise-

uncertain environments. To design a reliable and efficient cognitive radio system, there are two fundamental issues: to devise 

an accurate and robust spectrum sensing algorithm to detect spectrum holes as accurately as possible; and to design secondary 

user transmission mechanism for the cognitive user to utilize the detected spectrum holes as efficiently as possible. Spectrum 

sensing is gain spectrum access awareness, identify and detect the spectrum holes. Working with sensing accuracy in order to 

determine the performance of CR networks. The IEEE 802.22 working group defines a system for cognitive Wireless Regional 

Area Network (WRAN) using unused or white spaces within rural areas. The 802.22 WRAN consists of a Base station (BS) 

and a number of client stations, referred to as Customer Premise Equipments (CPEs). The tasks of both BS and CPEs are 

spectrum sensing, transmitting/receiving data and assure the Quality of Service (Qos). The IEEE 802.22 functional requirements 

are fixed point-to-multi-point access only. BS controls all transmit parameters and characteristics in the network. BS is 

professionally installed and maintained. Location awareness for all devices in the network. The detection performance can be 

primarily determined on the basis of two metrics: probability of false alarm, Which denotes the probability of a CR user 

declaring that a PU is present when the spectrum is actually free, and probability of detection, which denotes the probability of 

a CR user declaring that a PU is present when the spectrum is Indeed occupied by the PU. Typically, local sensing for primary 

signal detection can be formulated as a binary hypothesis equation (1.1) and (1.2) 

X (t) = n(t),  H0 (1.1) 

h (t) ・ s (t) + n(t), H1 (1.2) 

where x(t) denotes the received signal at the CR user, s(t)is the transmitted PU signal, h(t) is the channel gain of the 

sensing channel, n(t) is the zero-mean additive white Gaussian noise (AWGN), H0 and H1 denote the hypothesis of the absence 

and the presence. 

Pd = P {decision = H1|H1}= P {Y > λ | H1} (1.3) 

Pf = P {decision = H1|H0} = P {Y > λ | H0} (1.4) 
Where Y is the decision statistic and λ is the decision threshold. The value of λ is set depending on the requirements 

of detection performance. Based on the definitions given in equation (1.3) and (1.4), the probability of a miss or miss detection 
is defined as in equation (1.5) 

Pm = 1 − Pd = P {decision = H0|H1}  (1.5) 
 

Spectrum sensing should include the process of identifying occupancy in all dimensions of the spectrum space and finding 

spectrum holes, or more precisely spectrum space holes. For example a certain frequency can be occupied for a given time, but it 

might be empty in another time. IEEE 802.22 standards or Wireless Regional Area Network (WRAN) is the first standard based on 

Cognitive Radio. The standard‘s operation frequency ranges from 54 MHz to 862 MHz i.e. VHF and UHF portion of the Frequency 

spectrum. The licensed users in these bands include North America‘s Advanced Television System Committee (ATSC) DTV having 

a bandwidth of 6 MHz, Europe‘s Digital Video Broadcast-Terrestrial (DVB-T) having a bandwidth of 8 MHz and microphone users 

Employing FM with 200 kHz bandwidth. 
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II. CO-OPERATIVE AND NON-CO-OPERATIVE SENSING 

non cooperative \ spectrum-sensing technique that is suitable for applications in detection and avoidance (DAA) schemes to 

allow coexistence between ultra wideband multiband (secondary user) and Worldwide Interoperability for hence, improve 

spectral efficiency, Cooperative behavior helps to overcome all the earlier cited disadvantages of non-cooperative spectrum-

sensing and will improve its agibility and usability. In this technique cognitive radio users are in co-operated, for this two 

methods Gains and Group Intelligence are discussed, Gains the performance of spectrum sensing is limited by noise uncertainty, 

shadowing, and multi-path fading effect. When the received primary SNR is too low, there exists a SNR wall, below which 

reliable spectrum detection is impossible even with a very long sensing time. If secondary users cannot detect the primary 

transmitter, while the primary receiver is within the secondary user‗s transmission range, a hidden primary user problem will  

occur, and the primary user‗s transmission will be interfered. 

Cooperative sensing decreases the Probabilities of misdetection and false alarm Cooperative sensing decreases the 

probabilities of miss detection and false alarm considerably.[8] 

Group intelligence A spectrum sensing technique using group intelligence is proposed Where multiple users, each 

with incomplete information, can learn from the group‗s wisdom to 

Reach supposedly correct conclusion cooperation can be implemented in two fashions centralized or distributed these 

two methods and external sensing is discussed. Centralized sensing- a central unit collects sensing information from cognitive 

devices, identifies the available spectrum, and broadcasts this information to other cognitive radios or directly the cognitive 

radio traffic, The hard (binary) sensing results are gathered at a central place which is known as AP The goal is to mitigate the 

fading effects of the channel and increase detection performance. 

Distributed sensing - In the case of distributed sensing, cognitive nodes share information among each other but they 

make their own decisions as to which part of the spectrum they can use. Distributed sensing is more advantageous than 

centralized sensing in the sense that there is no need for a backbone infrastructure and it has reduced cost. 

External Sensing - Another technique for obtaining spectrum information is external sensing. In external sensing, an 

external agent performs the sensing and broadcasts the channel occupancy information to cognitive radio, the main Advantages 

of external sensing are overcoming hidden primary user problem and the uncertainty due to shadowing and fading. Furthermore, 

as the cognitive radios do not spend time for sensing, spectrum efficiency is increased. 

III. SENSING TECHNIQUES 

Sensing techniques are crucial Sense that how primary signals sensed, sampled, and processed is strongly related to how CR 

users cooperate with each other. Thus, sensing techniques are one of the Fundamental elements in the sensing. [5] 

1) Energy detection - The straight forward method for detecting unknown signals is energy detection. Energy detection is a 

non-coherent detection method that detects the primary signal based on the Sensed energy, Due to its simplicity and no 

requirement on a priori knowledge of PU signals, energy detection is the most popular sensing technique in cooperative 

sensing. It is a simple detector which detects the total energy content of the received signal over specified time duration. It 

has the following components:- 

2) Band-pass filter -- Limits the bandwidth of the received signal to the frequency band of interest. 

3) Square Law Device – Squares each term of the received signal. 

4) Summation Device – Add all the squared values to compute the energy. 

A. Advantage 

1) Do not need knowledge of the primary user‘s signal require  

2) Computational and implementation complexity less to other techniques  

B. Disadvantage 

1) Low SNR conditions  

2) Inability to differentiate interference from primary users and Noise 

 
Fig. 1: Principal of Energy Detection 

Matched Filter - The Matched Filter Technique is very important in communication as it is an optimum filtering 

Technique which maximizes the signal to noise ratio (SNR). If know the transmitted signal, this is the method very optimized 

to detect the signal. 

C. Advantage  
1) Shor time required for Detection  

2) False alarm at low SNR  
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D. Disadvantage 
 
1) Large Power consumption 

 
Fig. 2: Principal of Matched Filter 

 
Fig. 3: Principal of Waveform based Sensing 

Waveform based Sensing- This method is only applicable to systems with known Signal patterns, and it is termed 

coherent or waveform-based sensing and pattern include Preambles, Mid-ambles. Uplink Packet preambles are exploited for 

detecting Worldwide Interoperability for Microwave Access (WiMAX) signals. 

E. Advantage 

1The sensing time required low. 2. It is more reliable 

F. Disadvantage 

1) More accuracy requires a longer length of the sequences 
Wavelet Based Sensing –In this method the frequency band is divided into a number of sub-bands each band characterized by 

its self-changes in frequency. Using sub-Nquist sampling. Function can be changed by adjusting the Width and Frequency 
1) Power Consumption is less. 

2) Real time 

Operation Disadvantage 

1) The higher sampling rates may be required 

 
Fig. 4: Principal of Wavelet Based Sensing 

Multiple Antenna Based Sensing – In Wireless transmissions multiple transmit and receive antennas, so called multi 

input multi output (MIMO) systems obtain gained considerable during recent times. Systems generally using sensing schemes 

based on the Eigen values [7] 

In order to perform sensing for MIMO systems two basic steps are followed 
In these method two algorithms are generally used, one being the maximum Eigen value detection and the other being 

condition number detection. 

 
Fig. 5: Principal of Multiple Antenna Sensing 
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G. Advantage 

1) It not needs to have prior knowledge of the received signal characteristics. 
2) Better transmission quality 

H. Disadvantage 

1) Use of multiple antennas increases the cost of the detector.  

2) Complexity of detector is also increased. 

Cyclo-Stationary Detector - In telecommunication, radar and sonar fields it arises due to modulation, coding etc. It might 

be that all the processes are not periodic function of time but their statistical features indicate periodicities and such processes 

are called cyclo-stationary process. For a process that is wide sense stationary and exhibits cyclo-stationarity has an auto-

correlation function which is periodic in time domain. Now when the auto-correlation function is expanded in term of the 

Fourier series co-efficient it comes out that the function is only dependent on the lag parameter which is nothing but frequency. 

[1] 

I. Advantage 

1) Works well for low SNR conditions. 
2) 2 Capability to distinguish between primary user and noise. 

J. Disadvantage 

1) Computational complexity is higher than energy Detector. 

IV. IEEE 802.22 SPECTRUM SENSING BASICS 

The 802.22 network is responsible for ensuring that it creates no undue interference to other users of the relevant spectrum. The 

overall network comprises of the base station, BS, and a number of user equipments known as customer premises equipments, 

CPE. The IEEE 802.22 standard takes cogniscence of the fact that there will be three main types of users of the frequencies 

used by IEEE 802.22 In order to effectively provide the level of interference avoidance that is required, 802.22 spectrum sensing 

is distributed across the network of users. One particular technology that is key to the deployment of new services that may 

bring better spectrum utilization is that of cognitive radios technology. By using this the radios can sense their environment and 

adapt accordingly. The use of cognitive radio technology is therefore key to the new IEEE 802.22 WRAN standard. [3] 

A. Analogue television - 

For North America this based on the NTSC standard, whereas for Europe it is generally PAL. The level of an analogue signal 

above which the 802.22 system will vacate the channel is -94 dBm measured at the peak of the sync pulse - different levels may 

be applied for other television systems. 

B. Digital television 

For North America DTV is used, although within Europe DVB-T is most widespread. The level of a DTV digital television 

signal above which the 802.22 system will vacate the channel is -116 dB. 

C. Wireless microphones  

These may have a variety of formats as they are not standardized, although typically they use FM and have a bandwidth of 

around 200 kHz. The level of a wireless icrophone signal above which the 802.22 system will vacate the channel is -107 dBm 

measured in a 200 kHz bandwidth.[2] 

 Analog TV Digital TV Wireless 
   Microphone 

Sensitivity - 94 dBm -116 dBm - 107 dBm 
Table 1: sensitivity of analog, digital and wireless microphone 

In this way the IEEE 802.22 WRAN performs spectrum sensing across the whole network and adjusts itself 

accordingly. This means that the 802.22 WRAN systems is a true cognitive radio network, rather than an individual cognitive 

radio operating in isolation 

V. IEEE 802.22 SPECTRUM SENSING MEASUREMENT 

The channel management and spectrum sensing or signal measurements form an important part of the overall 802.22 scheme. 

The MAC layer within the CPEs carries out many important tasks that enable this to work efficiently and smoothly. 

The base station instructs the CPEs to perform periodic measurements in one of two formats. [9] 

A. In Band Spectrum Sensing 

The in-band spectrum sensing applies to the channels that are being currently used by the BS to communicate with the CPEs. 

In order for this type of sensing to be undertaken it is necessary for the BS to quieten the transmissions on the channel. With a 

short break of the transmissions, the CPEs can then listen for any other transmissions. [4] 
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1) Fast Scanning:  

This form of spectrum sensing is accomplished quickly, as the name implies. This form of sensing typically uses a simple 

energy detection algorithm and is completed within 1 ms. The results of the fast sensing are returned to the BS which then 

analyses them and determines whether a fine sensing measurement is required.. 
2) Fine Sensing:  

His fine sensing procedure is undertaken if the BS believes there is need for a more accurate measurement. During the fast 

sensing a more detailed examination is made of the particular channels. This form of spectrum sensing takes around 25 ms. 

During any fine sensing time, the CPE looks at the signatures of signals that may be the primary user, television. 

B. Out of Band Spectrum Sensing 

The out of band spectrum sensing refers to channels that are not currently being used by the BS to communicate with the CPEs. 

These measurements are made to locate possible alternative channels, should those in use become occupied. It also ensures that 

there is a sufficient guard band between the channels in use by the BS and any TVs stations that may be using adjacent channels. 

VI. COMPARISON OF SENSING 

A basic comparison of the sensing methods given in this Section is presented in Waveform-based sensing is more Robust than 

energy detector and cyclo-stationary based method because of the coherent processing .that comes from using deterministic 

signal component. The performance of energy detector based sensing is limited when two common assumptions do not hold. 

The noise May not be stationary and its variance may not be known. Other problems with the energy detector include baseband 

filter effects and spurious tones [6]. It is stated in literature that cyclostationary-based methods perform worse than energy 

detector based sensing methods when the noise is stationary. [10] 
Comparison of Different Sensing Technique is shown in Table 2 and Comparison of Different Sensing using Parameter 

is shown in Table 3 

 Cyclostationary Energy  Waveform 
  Detection  Sensing 

SNR VERY  LOW LOW  HIGH 
     

Probability FAST Slow  SLOW 
Detection  comparison to  

TIME  Cyclostationary  

Table 2: Comparison of Different Sensing Technique 
 Complexity Accuracy Robust 
    

Energy Detector Less Less Less 
    

Cyclostationary More High Less 
    

Waveform Less Medium More 
Sensing    

Table 3: Comparison of Different Sensing using Parameter 

VII. CONCLUSION 

The spectrum sensing can be performed most reliably and successfully by using the Cyclo-stationary feature detection and other 

different Method. Even though this method increases the complexity of the system, it is worth the risk since its noise immunity 

is high as when compared to the existing methods. Thus the cyclostationary based cooperative spectrum sensing is implemented. 

Onto the enhancement would be useful in applying the benefits of the cognitive radio onto many of the indor aplications. 

Cognitive radio technology provides future wireless devices with additional bandwidth, reliable broadband Communications 

and versatility for rapidly growing data Applications. Primary functions of a cognitive radio:-spectrum Sensing, spectrum 

management, spectrum sharing discussed 
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