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ABSTRACT 
 
Spectrum sensing is a key function of cognitive radio to prevent the harmful interference with licensed users and 
identify the available spectrum for improving the spectrum’s utilization. However this detection is done by 
different techniques with their successive result. The efficiency of spectrum is being increased by the unlicensed 
access of unused frequency band across the licensed radio spectrum. This access of unused frequency spectrum 
doesn’t effect the performance or operation of licensed user. The ability to reliably and autonomously identify 
unused frequency bands is envisaged as one of the main functionalities of cognitive radios. In this article we 
provide an overview of the methods and major challenges associated with the practical implementation of 
spectrum sensing functionality in cognitive radio systems. 
 

INTRODUCTION 
 
Increasing interest of wireless services in consumers’, demand for radio spectrum has increased 
dramatically. Moreover, with the emergence of new wireless devices and applications, and the compelling 
need for broadband wireless access, this trend is expected to continue in the coming years. The 
conventional approach to spectrum management is very inflexible in the sense that each operator is granted 
an exclusive license to operate in a certain frequency band. However, with most of the useful radio 
spectrum already allocated, it is becoming exceedingly hard to find vacant bands to either deploy new 
services or enhance existing ones. On the other hand, as evidenced in recent measurements, the licensed 
spectrum is rarely utilized continuously across time and space [2]. 
 

Figure 1 shows spectrum utilization in the frequency bands between 30 MHz and 3 GHz averaged 
over six different locations. The relatively low utilization of the licensed spectrum suggests that spectrum 
scarcity, as perceived today, is largely due to inefficient fixed frequency allocations rather than any 
physical shortage of spectrum. This observation has prompted the regulatory bodies to investigate a 
radically different access paradigm where secondary (unlicensed) systems are allowed to opportunistically 
utilize the unused primary (licensed) bands, commonly referred to as white spaces. 

 
With the increasing demand for the spectrum and the scarcity of vacant bands, a spectrum policy 

reform seems inevitable. The FCC's initiative to open up the TV bands for unlicensed access along with 
several other projects including the Defense Advanced Research Projects Agency (DARPA)'s “.Next 
Generation”. (XG) program and the national science foundation's .”NeTSProWiN” project signal a 
paradigm shift in the spectrum access policy. Meanwhile, IEEE has formed a working group on wireless 
regional area networks (IEEE 802.22) whose goal is to develop a standard for unlicensed access to the TV 
spectrum on a non-interfering basis. This raises several new technical and regulatory issues to be addressed 
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by academia as well as policy-makers. The interested reader is referred to for a general overview of the 
issues associated with the spectrum access policy reform. 

In order to alleviate the spectrum scarcity, secondary systems may be allowed to opportunistically 
access the temporarily unused licensed band of a primary system (a so-called white space). In the absence 
of cooperation or signaling between the primary licensee and the secondary user (e.g., when dealing with 
legacy primary systems), spectrum availability for the secondary access may be determined by direct 
spectrum sensing. In this case, the licensed spectrum is deemed accessible if no primary activity is detected 
by the secondary user. Therefore, instead of guarding the licensed spectrum in a rigid command and control 
fashion 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
And secondary users provide an on-demand interference-protection to the primary system by detecting and 
utilizing only the white spaces [1]. 

In this paper several spectrum sensing technologies and all the challenges which comes across will 
be studied. 

 

� Figure 1. Spectrum usage measurements averaged over six locations [2] 
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SPECTRUM SENSING TECHNIQUES 

 
There are many signal detection techniques which can be used in spectrum sensing. In this section, the 
overview of few of well-known spectrum sensing techniques are described: 
 
1) Energy Detection: A simpler alternative for the detection of a primary signal in noise is to employ 
energy detection. An energy detector simply measures the energy received on a primary band during an 
observation interval and declares a white space if the measured energy is less than a properly set threshold. 
While compared to matched filtering energy detection requires a longer sensing time to achieve a desired 
performance level, its low cost and implementation simplicity render it a favorable candidate for spectrum 
sensing in cognitive radio systems. 

 
 
 
 
 
 
 
 
 
 
 
Fig. 2 shows the block-diagram of an energy detector. The input band-pass filter removes the out-of-band 
noise by selecting the center frequency, ƒs, and the bandwidth of interest, W. This filter is followed by a 
squaring device to measure the received energy and an integrator which determines the observation 
interval, T. The output of the  integrator is then normalized by N0/2, where N0 is the one-sided noise power 
spectral density. Finally the normalized output, Y, is compared to a decision threshold, �, to decide whether 
the signal is present. The goal of spectrum sensing is to determine if a licensed band is not currently being 
used by its primary owner. This in turn may be formulated as a binary hypothesis testing problem, 
 

���� � �		���,																			��	�����	�������	���� � 	���, �1		����������   

-(1) 
 
where x(t) is the signal received by the secondary user, s(t) is the primary users's transmitted signal, n(t) is 
the additive white Gaussian noise (AWGN) and h is the amplitude gain of the channel. The SNR is defined 

as ƴ =	 ���� with P being the power of the primary signal received at the secondary user. 

The main drawback of the energy detector is its inability to discriminate between sources of 
received energy (the primary signal and noise), making it susceptible to uncertainties in background noise 
power, especially at low signal-to-noise ratio (SNR). If some features of the primary signal such as its 
carrier frequency or modulation type are known, more sophisticated feature detectors may be employed to 
address this issue at the cost of increased complexity. 
 
2) Matched Filter Detection: When a secondary user has a prior knowledge of the PU signal, the optimal 
signal detection is a matched filter, as it maximizes the signal-to noise ratio (SNR) of the received signal. A 
matched filter is obtained by correlating a known signal, or template, with an unknown signal to detect the 
presence of the template in the unknown signal. This is equivalent to convolving the unknown signal with a 
time-reversed version of the template. The main advantage of matched filter is that it needs less time to 
achieve high processing gain due to coherent detection. Another significant disadvantage of the matched 
filter is that it would require a dedicated sensing receiver for all primary user signal types. 

In the CR, the use of the matched filter can be severely limited since the information of the PU 
signal is hardly available at the CRs. The use of this approach is still possible if we have partial information 

� Figure 2. Block diagram of an energy detector. [8] 
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of the PU signal such as pilot symbols or preambles, which can be used for coherent detection. For 
instance, to detect the presence of a digital television (DTV) signal, we may detect its pilot tone by passing 
the DTV signal through a delay-and-multiply 
circuit. If the squared magnitude of the output signal is larger than a threshold, the presence of the DTV 
signal can be detected.  
  
3) Cyclo-stationary Detection: Cyclostationary detection is more robust to noise uncertainty than an 
energy detection. If the signal of the PU exhibits strong cyclo-stationary properties, it can be detected at 
very low SNR values by exploiting the information (cyclo-stationary feature) embedded in the received 
signal. A signal is said to be cyclo-stationary (in the wide sense) if its autocorrelation is a periodic function 
of time t with some period. The cyclo-stationary detection can be performed as follows. 

• First, the cyclic autocorrelation function (CAF) of the observed signal x(t) is calculated as 
E{x(t+Γ) x*(t-Γ) ���� !"}, where E{.} denotes the statistical expectation opera-tion and α is called the 
cyclic frequency. 

• The spectral correlation function (SCF) S(ƒ,α) is then obtained from the discrete Fourier 
transformation of the CAF. The SCF is also called cyclic spectrum, which is a two-dimension function in 
terms of freqŋ ƒ and cyclic frequency α. 

• The detection is completed by searching for the unique cyclic frequency corresponding to the 
peak in the SCF plane.  

This detection approach is robust to random noise and interference from other modulated signals 
because the noise has only a peak of SCF at the zero cyclic frequency and the different modulated signals 
have different unique cyclic frequencies. As the cyclo-stationary detection method is employed for the 
detection of the Advanced Television Systems Committee DTV signals in wireless region-area network 
systems. Experimental results show superior detection performance even in very low SNR region. The 
distributed detection is considered for scanning spectrum holes, where each CR employs a generalized 
likelihood ratio test for detecting primary transmissions with multiple cyclic frequencies. 

The above approach can detect the PU signal from other CR users signals over the same frequency 
band provided that the cyclic features of the PU and the CR signals differ from each other, which is usually 
the case, because different wireless systems usually employ different signal structures and parameters. By 
exploiting the distinct cyclo-stationary characteristics of the PU and the CR signals, a strategy of extracting 
channel-allocation information is proposed in spectrum pooling systems, where the PU is a GSM network 
and the CR is an OFDM-based WLAN system. However, cyclo-stationary detection is more complex to 
implement than the energy detection and requires a prior knowledge of PU signal such as modulation 
format. 
 
4) Wavelet Detection: Wavelet transform is a multi resolution analysis mechanism where an input signal is 
decomposed into different frequency components, and then each component is studied with resolutions 
matched to its scales. Unlike the Fourier transform, using sines and cosines as basic functions, the wavelet 
transforms use irregularly shaped wavelets as basic functions and thus offer better tools to represent sharp 
changes and local features [9]. For signal detection over wide-band channels, the wavelet approach offers 
advantages in terms of both implementation cost and flexibility in adapting to the dynamic spectrum, as 
opposed to the conventional use of multiple narrow-band bandpass filters. In order to identify the locations 
of vacant frequency bands, the entire wide-band is modeled as a train of consecutive frequency sub-bands 
where the power spectral characteristic is smooth within each sub-band but changes abruptly on the border 
of two neighboring sub-bands. By employing a wavelet transform of the power spectral density (PSD) of 
the observed signal x(t), the singularities of the PSD S(ƒ) can be located and thus the vacant frequency 
bands can be found. One critical challenge of implementing the wavelet approach in practice is the high 
sampling rates for characterizing the large bandwidth. As a dual-stage spectrum sensing technique is 
proposed for wide-band CR systems, in which a wavelet transform-based detection is employed as a coarse 
sensing stage and a temporal signature detection is used as a fine sensing stage [11]. 
 
5) Covariance Detection: Given that the statistical covariance matrices or autoco-rrelations of the signal 
and noise are generally different, covariance-based signal detection methods were proposed. By observing 
the fact that off-diagonal elements of the covariance matrix of the received signal are zero when the 
primary user signal is not present and nonzero when it is present, the authors in [7] developed two detection 
methods: covariance absolute value detection and covariance Frobenius norm detection. The methods can 
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be used for various signal detection and applications without knowledge of the signal, channel, and noise 
power. Later, and by applying eigen decomposition of the covariance matrix, the authors further developed 
other two detection methods, called max-min eigen value detection and max-eigen value detection in [6] 
and [17], respectively. The essence of the eigen detection methods lies in the significant difference of the 
eigen value of the received signal covariance matrix when the primary user signal is present or not. 
 

SYSTEM MODELS 
 
Network and Cooperative Spectrum-Sensing Model: It is considered that a CRN where both primary 
and secondary users coexist in the same geographical area, as shown in Fig.3. During each sensing period, 
cooperative sensors perform energy detection to measure the received primary signal strength, and report 
the sensing results to the BS to determine the presence/absence of a primary signal as well as to estimate its 
states. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
         Assuming an infrastructure-based secondary network, e.g. 802.22 WRANs, where each cell consists 
of a single base station (BS) and multiple secondary users (sensors). Since the BS is maintained by an 
expert, we assume that BSes are trusted. Each BS coordinates the opportunistic spectrum access of 
secondary users in its cell by directing a (sub)set N of sensors to perform spectrum sensing periodically for 
primary signal detection. At the end of each sensing period, cooperative sensors report their measurement 
results (i.e. sensing output) to the BS to make a final decision on the presence or absence of a primary 
signal. Finally, the BS broadcasts the final decision to the secondary users within the cell. The sensing 
reports and final decisions are communicated through a reliable, dedicated control channel. As it is 
assumed that the BS knows the location of the primary transmitter and sensors. For spectrum sensing, the 
energy detector [3] is used as the physical-layer sensing technology mainly because of its simple design 
and low overhead. Cooperative sensors simply measure the primary signal power on a target frequency 
band using the energy detector and reports the sensing results to the BS for the detection of a primary 
signal. Also it was estimated that sensors do not move together in close proximity, and thus they produce 
independent measurement results. 
 

REGULATORY CONSTRAINTS 
 
Realization of the opportunistic spectrum access paradigm is contingent on satisfactory protection of 
primary systems from harmful interference. Consequently, sensing performance is subjected to certain 
regulatory constraints, which are characterized in what follows: 
 
Sensing Periodicity: While utilizing a white space, the secondary system should continue to periodically 
sense the band (e.g., every Tp) in case a primary user starts to transmit. The sensing period, Tp, determines 
the maximum time during which the secondary user will be unaware of a reappearing primary user and 
hence may harmfully interfere with it. Therefore, the sensing period determines the delay, and thus the 

� Figure 3: A CRN model with primary-secondary coexistence. [3] 
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quality of service (QoS) degradation, incurred by the primary users in accessing the band. In general, Tp 
will depend on the type of the primary service (e.g., delay sensitivity of the primary application) and has to 
be set for each licensed band by the regulator. For instance, one expects Tp to be very small for the public 
safety spectrum, while less frequent sensing may be allowed for the TV spectrum where the spectrum usage 
varies over a much larger timescale. 

Since it is not possible to transmit on a licensed band and sense it simultaneously, sensing has to 
be interleaved with data transmission. While from the regulator’s perspective it suffices for the secondary 
system to monitor the band and make a decision about the presence of the licensee once every Tp s, from 
the secondary system’s point of view it is desired to maintain the sensing time well below Tp in order to 
maximize the time available for data transmission. 
 
Detection Sensitivity: Interference due to a cognitive radio network is deemed harmful if it causes the 
signal-to-interference ratio (SIR) at  

 
 

� Figure 4: Interference range of a cognitive radio. [2]  
 
any primary receiver to fall below a certain threshold, Γ, supplied by the regulatory bodies. This threshold 
depends on the receiver’s robustness toward interference and varies from one primary band or service to 
another. 

Thus, transmitter may be defined as the maximum distance from a primary receiver at which the 
incurred interference is still considered harmful. As such, the interference range depends not only on the 
secondary user’s transmitted power, but also on the primary user’s interference tolerance. Let Pp and Ps 
denote the transmitted power of the primary and secondary users, respectively. We also denote by R the 
maximum distance between a primary transmitter and its corresponding receiver. Thus, R may be the 
maximum length of a point-to-point microwave link or the coverage radius of a TV station, as shown in 
Fig. 4. The interference range of the secondary user, D, is then determined by the following condition: 
 

 
�#$�%�

�&$�'�(�) =Γ   (2) 

 
Where Pb is the power of background interference at the primary receiver and L(d) denotes the total path 
loss (including shadowing and multipath fading effects) at a distance d from the transmitter. Since path loss 
varies with frequency, terrain characteristics and antenna heights, these parameters should be taken into 
account in the evaluation of D. 

The condition in Eq. 2 ensures that a primary receiver, even if located at the edge of its service 
area, is still protected from harmful interference if it is not within the interference range of the secondary 
user. Consequently, in a sensing-based system, the cognitive radio has to be capable of detecting any active 
primary transmitters within a radius of R + D to ensure that no primary receivers are operating within its 
interference range. Defining the detection sensitivity (gmin) as the minimum SNR at which the primary 
signal may still be accurately (e.g. with a probability of 0.99)  detected by the cognitive radio, this 
regulatory requirement may be expressed as 
 

γmin	�	�#$�'(%�� 	   (3) 
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Where, N is the noise power. In order to determine the required detection sensitivity, in addition to G, Pp 
and R should also be supplied by either the regulator or the corresponding primary system. 
 
 

SPECTRUM SENSING CHALLENGES 
 
There are several challenges which comes across while Spectrum sensing in cognitive radio networks, like 
uncertainty ranging from channel randomness to device level and network-level uncertainties. Since 
spectrum sensing should perform robustly even under worst case conditions, such uncertainties usually 
have implications in terms of the required detection  sensitivity, as discussed below. 
 
Channel Uncertainty: The spectrum sensing of CR under channel fading or shadowing, it is not necessary 
that a low received signal strength is implied and primary system is located out of the secondary user’s 
interference range, as the primary signal may be experiencing a deep fade or being heavily shadowed by 
obstacles. Therefore, spectrum sensing is challenged by such channel uncertainty since cognitive radios 
have to be more sensitive to distinguish a faded or shadowed primary signal from a white space. As it is 
seen from Eq. 3 that any uncertainty in the received power of the primary signal translates into a higher 
detection sensitivity requirement. 
 

Under severe fading, a single cognitive radio relying on local sensing may be unable to achieve 
this increased sensitivity since the required sensing time may exceed the sensing period, Tp. This can be 
improved by taking a group of cognitive radios share their local measurements and collectively decide on 
the occupancy state of a licensed band. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Noise Uncertainty: Required Detection sensiti-vity is calculated by knowing the value of noise power in 
Eq. 3, and N has to be estimated by the receiver. But calibration errors as well as changes in thermal noise 
caused by temperature variations limit the accuracy with which noise power can be estimated. Since a 
cognitive radio may violate the sensitivity requirement due to an underestimate of N, (gmin) should be 
calculated with the worst case noise assumption, thereby necessitating a more sensitive detector. 

Spectrum sensing is further challenged by noise uncertainty when energy detection is used as the 
underlying sensing technique. More specifically, a very weak primary signal will be indistinguishable from 

 

� Figure 5: The operation of network A forces network B to move to another band; however, the 
aggregate interference of networks A and C may still be harmful.[8]  
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noise if its SNR falls below a certain threshold determined by the level of noise uncertainty [16]. On the 
other hand, feature detector are not susceptible to this limitation because of their ability to differentiate 
between signal and noise. 
 
Aggregate-Interference Uncertainty: It is very well known that the ratio of possibility of multiple 
cognitive radio networks operated over the same licensed band will be increased rapidly due to widespread 
access of secondary systems. As a result, spectrum sensing will be complicated by uncertainty in aggregate 
interference (e.g., due  
to the unknown number of secondary systems and their locations). If in case, any primary system may be 
out of any secondary system’s interference range, the aggregate interference may turn out to be harmful. 
This will be more sensitive detectors as a secondary system may harmfully interfere with primary systems 
located beyond its interference range, and hence should be able to detect them. The requirement for higher 
detection sensitivity may be relaxed by using energy detection. 

In this case nearby cognitive radio networks (e.g., networks A and B in Fig. 5) detect each other 
and therefore refrain from occupying the same band simultaneously, thereby reducing the aggregate 
interference. However, as shown in Fig. 5, cognitive radio networks located further apart may still be 
oblivious to each other and simultaneously transmit. Alternatively, system-level coordina-tion among 
different cognitive radio networks enables them to overcome the above uncertainty at increased 
implementation cost. For instance, different secondary systems can negotiate access and manage aggregate 
interference through a standardized common control channel. This approach starts to move the spectrum 
sensing solution closer to the other alternatives listed in Table 1. It shows that the uncertainty levels arising 
from initial deployme-nts may still be addressable by increasing the detection sensitivity without resorting 
to system level coordination, thereby maintaining the cost advantage of the spectrum sensing solution. 

 
CONCLUSION & FUTURE SCOPE 

 
It is studied that Spectrum Sensing of Cognitive Radio is done by different methods and which can be 
implemented in several tools (eg. MATLAB) for its respective output. Several challenges comes across this 
spectrum sensing as it is been studied in this paper. Spectrum Sensing in CR is in big time fashion now a 
days, it reduces network traffic and increase its efficiency, thus it is very clear that future scope of this is 
quite bright. Several challenges which comes across this can be faced with some effort in future, which will 
increase its performance. 
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