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Abstract

Optimum use of the spectrum is based on the observation of primary signal present in the spectrum.
Various methods are defined in the literature for signal detection. The work presented in this paper is
about the performance of different spectrum sensing methods. A comparative analysis the performance
of energy detection, matched filter detection, co-variance detection and cyclo-stationary feature
detection is done using MATLAB simulations. These methods have their own pros and cons. Computer
simulations show that matched filter detection gives the maximum value of detection probability, thus
proving the best method to sense the channel for the presence of primary signal. It is observed and
verified that matched filter detection is the most efficient type of spectrum sensing method in terms of
detection probability.
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1. Introduction

Spectrum is a finite resource; hence it should be optimally allotted to the requesting users. In current
scenario, we need an almost infinite spectrum to cater the needs of the young generation [1]. The
available bandwidth should be distributed in such a way, that every user gets a time to access the
channel. However, when the channels are statically assigned to a fixed number of licensed users, it is
observed that these channels never remain busy at all times [2]. Sometimes the channel is free and can
be accessed by the non-licensed users of the network. This fact is exploited by a cognitive radio to give
service to more number of users, thereby increasingthe overall system capacity. A cognitive radio
intelligently senses the free slots in the band and uses to transmit their signals. But the main problem

is to keep a track on the free time of the channel. For this purpose, the users continuously sense the
intended channel and report whenever there are blank spaces in the usage of the channel [3]. The need to
sense the channel gives rise to a vast research in the field of spectrum sensing. A lot of methods are
available to sense the channel. The problem lies in finding the ideal method to use for spectrum sensing.
This paper gives an insight into the advantages, disadvantages and applications of different spectrum
sensing methods.Spectrum sensing is limited by a number of factors [4]. Some of them are random
nature of noise, shadowing (especially in urban areas), multipath fading etc.

Concepts of Cognitive Radio Networks
Cognitive Radio: The radio device which is capable of adjusting its own operating features like
operating frequency, modulation format etc. depending on the current traffic conditions.
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Cognitive users: The users which are accessing the wireless channel. They are of two types- primary and
secondary. Primary user is the sole owner of the spectrum, also known as the licensed user. Secondary
user is the non-licensed users which uses the spectrum allotted to the primary user, when primary user is
not transmitting [5].

Spectrum Sensing: the cognitive radio identifies unused parts of the time frequency plane. The sensing is
done in the presence of noise and fading. Sensing makes it possible to determine the spectrum holes.
Spectrum sensing can be done by multiple users simultaneously to improve the sensing accuracy [6].
Spectrum Management: the cognitive radio decides in which part of the spectrum it should transmit and
at what time instant. Since the SU have only the causal knowledge of the spectrum, it uses Markov’s
Model that says that a channel can be either in the occupied state or unoccupied state and has a transition
probability to switch from one state to other. The CR takes care of the operating parameters such as to
maintain the required QoS.

Spectrum Mobility: it involves maintaining smooth and continuous connection during transition and
handoff across the spectrum. In order to minimize the interference for licensed user real time sensing is
important for as to continuous searching for the spectrum holes and free channels. The exploration of
free channels is a continuous process.

Spectrum Sharing: after sensing decision is made, the decision on distribution of the available spectrum
is taken. The CRs use a mathematical tool named Game Theory is used for the analysis of the spectrum-
sharing. The parameters used for a game includes the number of players, each player’s strategy and a
utility function named payoff. Player adjusts their strategies in a way to maximize their individual
payoff. It defines fair spectrum scheduling methods.

Therefore, the most popular research area when it comes to cognitive radios is spectrum sensing.

2. Detection Techniques

Spectrum sensing is the preliminary processes performed by cognitive radio. It permits the secondary
users to gain information about the radio traffic. This is done by SUs by recognizing the primary user
transmission in the concerned channel of interest using one or more techniques. Based on this
recognition it decides whether to transmit or not. Various techniques to detect the voids in spectrum
have been defined in literature. Depending on whether the primary user is accessing the channel or not
can be done with the help of many techniques.

Some of the widely used spectrum detectors are asfollows:

2.1 Energy Detector

Energy detector which is also known as Radiometer is the simplest and easiest method to sense the
spectrum. The receiver need not have advance knowledge of the primary user signal so it is called a non-
coherent technique. Samples of the received signal areused to calculate the received signal’s energy.
This energy is compared with a predefined threshold value. When the signal energy is more than the
threshold than it is assumed that the PU is accessing the channel. While if the signal energy falls below
the threshold than it is assumed that the PU is not accessing the desired channel. The input signal is made
band limited by passing it across a band pass filter to get the required frequency. The band-limited signal
is then squared and its energy is calculated by integrating it over N time instances.The integrator output
is used for decision making by comparing it with a predefined threshold.Energy detector is simple for
implementation.SU need not know anything about the transmitted waveform. The computational cost is
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low. However there are some major disadvantages of Energy detection. The performance is poor at low
SNRs due to the unpredictable nature of noise.lt is not capable of distinguishing between the
interference caused due to the secondary user or the primary user.

2.2 Matched Filter Detector

Matched filtering is the optimum method for detection of primary users if the characteristics of the
transmitted signal are known. It takes very little time to achieve a certain probability of false alarm or
probability of miss-detection. Matched filtering is the best way to improve SNR of the detection process.
It is referred as the optimal method for spectrum sensing because even in the presence of AWGN noise it
can maximize the output SNR. It is called a coherent detection technique as advance knowledge of the
primary signal is required for detection. It is referred as a linear filter in where an unknown signal is
correlated with a known signal to track the presence or absence of primary signal. It quickly attains high
processing gain and error probabilities.It has low computational cost. It requires deliberately dedicated
sensors. However getting advance information of the signal characteristics of the primary user is
difficult for SUs. The main limitations of matched filter are large power consumption and large
execution time.

2.3 Cyclo-stationary Feature Detector

In this method cyclo-stationary features of the signal received are extracted to detect the presence of
primary signal. Cyclo-stationary features occur due to the periodicity in a signal or its statistics viz.
mean, standard deviation, autocorrelation etc. It is possible to intentionally induce these features in a
signal of interest. These features can be used to for signal detection even at very low SNR values. It is
called a coherent detection technique where a advance knowledge of the transmitted signal is mandatory.
If a PU’s signal is cyclo-stationary then its auto-correlation function should be a periodic function with
time period T. This ACF is compared to a threshold. If the ACF is more than the threshold level it is
assumed that the PU signal has seized the channel otherwise the channel is free.Cyclo-stationary Feature
detection shows good results at very low values of SNR also. It shows high sensing accuracy as noise
and interference does not correlate.No need of synchronization.It attains huge processing gain. The
major limitations are that they are applicable to sensors with signals with strong cyclo-stationary
property.Performance is worse when noise is stationary.Computational complexity is high. Sensing time
is long and high computational cost.

2.4 Covariance Detection

When no information regarding the primary signal and noise is known to the sensor it uses covariance
detection method. In this method the statistical covariance matrix or autocorrelation functions of the
primary signal and noise signal are different. The covariance matrix between the noise and transmitted
signal is computed. If the diagonal elements in the covariance matrix obtained from the received signal
have all non-zero elements it is assumed that PU is using the channel. If the diagonal elements are all
zero it is assumed that PU is not present. It is also known as Maximum Minimum Eigen value
detection.It is robust at small SNR. However detection is based on the units used to express the two
signals.It requires more sensing time.It is susceptible to synchronization errors.

2.5 Wavelet Detection:
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If the power spectral density(PSD) of the primary user signal is smooth within a frequency band, wave-
let transform may be used to detect a primary user signal. In this technique wavelet transform is used
which is a multi-resolution analysis system where an input signal is decomposed into different frequency
component and analyzed using the set of basic function which relate to each other by simple scaling and
translation.It is a non-coherent detection technique.lt has flexibility in adapting to the dynamic spec-
trum.High computation cost.Not applicable for spread spectrum signals and CDMA.High sampling rates
are required.

3. Simulation Details
Before performing the actual computer simulations the analytical design of various spectrum sensing
methods is done by solving a hypothesis that is been tested for different algorithms.

Ho: only noise present

Hi: signal plus noise present

Hypothesis Hy corresponds to false alarms while Hj indicates detection.Hy is known as the null
hypothesis indicating that the PUis not transmitting through that channel andH; is known as the alternate
hypothesis indicating that the PU is transmitting through that channel.lt is possible to define four cases
associated with the detected signal:

1. Hjvalidunder H; hypothesis contributing to a Probability of Detection(Pp).

2. HjvalidunderHohypothesis contributing to a Probability of False Alarm (Pg).

3. HovalidunderH;hypothesis contributing to a Probability of Missed detection(Pwp).

4. Hovalid underHohypothesis.
Numerous sets of simulations have been performed using MATLAB tool. The performance evaluation
of energy detection spectrum sensing is analyzed under the effect of AWGN channel. The result is
obtained in terms of probability of detection, the reverse probability of miss detection and probability of
false alarm at different values of SNR in different channels.
A set of metrics is used to assess the performance of the spectrum sharing system in a CR network. In
addition to its impact on the primary user’s network, these metrics comprise level of interference to
primary users and spectral utilization efficiency within the network. These metrics are defined below:

1. Probability of Detection (Pp): It specifies the probability that a SU verifies the existence of a
PUwhen the spectrum is actually occupied by the PU. For better performance it should have a
high value.

2. Probability for False Alarm (Pg): It specifies the probability of aSU that verifies the existence of
a PU misleading that the spectrum is occupied when it is actually free. It should have a low value
for better performance of a CRN.

3. Probability of Miss-detection (Pup): It specifies the probability of a SU stating the absence of a
PU again misleading that the spectrum is free in contrast to the occupancy of the spectrum by a
PU. It creates interference to the PU. It should have a low value for better performance of a
CRN.

4. Total Error Probability/ Probability of Error (Pg): It denotes the error caused due to false alarms
and missed detections in the sensing process. In fusion rules this is simply the sum of Pr and Pp.
For better performance it should be low.
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A number of assumptions and initializations have been done for simulation. The number of samples use
for simulation are1000 and the simulations are done for 10000 iterations. The targeted SNR is from -25
dB to 25 dB.Above detection techniques are simulated and obtained results are plotted in the form of
Receiver’s Operating Characteristics and Complementary Receiver’s Operating Characteristicscurves.

4. Results and Analysis

All non-cooperative sensing methods (ED, MFD, CFD, MME) are simulated and the results are
presented in this section. To start with, the graphs regarding the performance of energy detection are
presented.

Energy Detection - Plot for Pd vs Pf for AWGN channel for SNR = -10 dB
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Figure 1: ROC for Energy Detector
The curve in figure 1 shows that Pp increases with the increasing value of Pg. For the sake of analysis
SNR =-10 dB and PF = 0.1 is selected. At Pr = 0.1, it is observed that Pp attains a value of 0.3. This
value increases linearly till it reaches 1 at P = 1. This happens due to the fact that as the number of
sensing attempts increase, the number of detections increases and correspondingly false alarms also
increase.

Ene1rgy Detection - Plot for Pm vs Pf for AWGN channel for SNR =-10 dB
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Figure 2: CROC for Energy Detector
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The complementary curve for the figure 2 is shown here. It shows the reverse pattern. As Pg increases
Pwmp decreases till becoming zero at P = 1.The curve verifies the fact that Pyp = 1 - Pplt is obvious that
when false alarms are less, the sensor will not create alarms regarding presence of PU and the possibility

of missing the detection increases. This increases the probability of missed detections.
Plot for Pd vs SNR for Detection Methods
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Figure 3: SNR vs Pp for Non-cooperative Detection methods in AWGN channel

Different detection methods are simulated under the influence of AWGN channel. The performance of
Energy Detection (ED) is already discussed in the above figures. Matched filter detection (MFD)
performs excellent at higher values of SNR while cyclo-stationary feature detection (CFD) works well at
lower SNRs. Covariance detection (MME) show excellent performance at all values of SNR. Even at -
25dB it achieves a Pp of 0.8. At around -8 dB it Pp attains 1 and remains flat for higher SNRs. All
detection methods show fairly good performance with their own pros and cons. However energy
detection is the most popular and versatile detection technique. In the further work energy detection is
ben used for individual sensing by each of the SU. ED is the foundation of cooperative spectrum

sensing.

5. Conclusion
Spectrum is a very valuable resource in wireless communication systems and it has been a focal point

for research and development efforts over the last several decades. Cognitive Radio is a novel
technology that can potentially improve the utilization efficiency of the radio spectrum.In this research
several spectrum sensing techniques have been implemented using MATALB software and the results
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are plotted as ROC and CROC curves. The work commenced from the analysis of simple energy
detector and is used as the reference to study the results of all other detection methods. The value of Pp
attained is 0.38. Other non-cooperative sensing methods were also simulated and their relative
performance with energy detection was studied. It is observed that all non-cooperative detection
techniques perform well at low SNR values also. The optimum results are obtained for Matched filter
detection. Each sensing method hasits own pros and cons.

5.

1

10

11

12

13

14

References

C. T. Chou, N. S. Shankar, H. Kim and K. Shin, “What and How Much to Gain by Spectral Agility,"
IEEE Journal on Selected Area in Communication, vol. 25, No. 3, pp. 576-588, April 2007.

W. Ejaz, N. ulHasan, S. Lee and H. S. Kim, “I3S: Intelligent Spectrum sensing scheme for cognitive
radio networks”, EURASIP Journal of Wireless Communications and Networking, Springer 2013.
Simon Haykin, “Cognitive Radio: Brain-Empowered Wireless Communications”, IEEE Journal on
Selected Areas in Communications, VVol. 23, No. 2, February 2005.

Amir Gashmi and Elvino S. Sousa, “Spectrum Sensing in Cognitive Radio Networks: Requirements,
Challenges and Design Trade-offs”, Cognitive Radio Communicationsand Networks, IEEE Commu-
nication Magazine, April 2008.

TevfikY ucek and H useyinArslan, “A Survey of Spectrum Sensing Algorithms for Cognitive Radio
Applications”, IEEE Communications Surveys & Tutorials, Vol. 11,No. 1, First Quarter 2009.

Ian F. Akyildiz, Brandon F. Lo and RavikumarBalakrishanan, “Cooperative Spectrum Sensing in
Cognitive Radio Networks: A Survey”, Physical Communication, Sciencedirect, Elsevier, 2011.

S. Maleki and G. Leus : “Censored Truncated Sequential Spectrum Sensing for Cognitive Radio
Networks,” IEEE Journal on selected areas in communications, Access year-2013 vol. 31, no. 3, pp.
364-378.

A Tony Cladia, S EsakkiRajavel, “Optimizing Spectrum Sensing For Energy Efficient Cognitive
Radio Sensor Networks” ICSSIT, IEEE Tirunelveli, India, 2018.

Yan Cai, Yiyang Ni, Jun Zhang, Su Zhao, Hongbo Zhu, “ Energy efficiency and spectrum efficiency
in underlay device-to-device communications enabled cellular networks”, China Communications,
IEEE 20109.

Feiyu Yan, Jihong Zhao, HuaQu, XiguangXu, “Energy-Efficient Cooperative Strategy in RF Energy
Harvesting Cognitive Radio Network”, Chinese Journal of Electronics, 2019

Anu Maria Joykutty,. B. Baranidharan, “Cognitive Radio Networks: Recent Advances inSpectrum
Sensing Techniques and Security”, Proceedings of the International Conference on Smart Electronics
and Communication (ICOSEC 2020), IEEE 2020.

R. Suresh Babu and M. Suganthi, “Review of Energy Detection for Spectrum Sensing in various
channels and its performance for Cognitive Radio Applications”, American Journal of Engineering
and Applied Sciences, 2012, 5 (2), 151-156.

Sk.M Shabber, K.UpendraChowdary,” Performance Analysis of Energy and Matched Filter Detec-
tion based Spectrum Sensing and Cognitive Radio Networks”, International Journal of Engineering
Sciences & Research Technology, 7(3): March, 2018.

ChhaganCharan and RajooPandey, “Cooperative Spectrum Sensing Using Eigenvalue-Based
Double-Threshold Detection Scheme for Cognitive Radio Networks”, Applications of Artificial In-

IJFMR21032517 Volume 3, Issue 3, May-June 2021 7




v\ International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.iffmr.com e Email: editor@ijfmr.com

15

16

17

18

19

20

telligence Techniques in Engineering, Advances in Intelligent Systems and Computing, Springer Na-
ture Singapore Pte Ltd. 2019.

YounessArjoune and NaimaKaabouch, “A Comprehensive Survey on Spectrum Sensing in Cogni-
tive Radio Networks: Recent Advances, New Challenges, and Future Research Directions”, Sensors,
MDPI Journals, 2019.

ChilakalaSudhamani and M. SatyaSai Ram, “Cooperative Spectrum Sensing Over Rayleigh Fading
Channel”, Innovations in Electronics and Communication Engineering, Springer Nature Singapore
Pte Ltd. 2019.

Krishan Kumar, Hitesh Tripathi and Mani Shekhar Gupta. “Energy Detection-Based Spectrum Sens-
ing Scheme Using Compel Cooperation in Cognitive Radio Networks”, Smart Computational Strat-
egies: Theoretical and Practical Aspects, Springer Nature Singapore Pte Ltd. 20109.

Gerges M. Salama, Sarah A. Taha, “Cooperative Spectrum Sensing and Hard Decision Rules for
Cognitive Radio Network”, IEEE 2020

D. Teguig, B. Scheers and V. Le Nir, “Data Fusion Schemes for Cooperative Spectrum Sensing in
Cognitive Radio Networks”, 2012.

SrinivasNallagonda, S. Kumar Bandari, Sanjay Dhar Roy and SumitKundu, “Performance of Coop-
erative Spectrum Sensing with Soft Data Fusion Schemes in Fading Channels”, Annual IEEE India
Conference (INDICON), IEEE 2013.

IJFMR21032517 Volume 3, Issue 3, May-June 2021 8




