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Abstract: To serve the tremendous demand for wireless applications, Cognitive Radio (CR) is
investigated. CR technology is capable of accessing licensed users’ spectrum dynamically. In this
paper, the spectrum sensing method Matched Detector (MD) is analyzed under channel environment
additive white gaussian noise (AWGN). MD is also performed for orthogonal frequency division
multiplexing (OFDM) systems to utilize spectrum more efficiently under low SNR like -25 dB and -
30 dB here. Low range SNR are focused over here due to Prior to the data sent by Primary users, the
received signal is used to analyse the performance of MD. Results are validated based on parameters
like various SNRs, Probability of detection, probability of false alarm. These parameters are studied
practically and theoretically for each model.
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1. Introduction

Radio resources are very limited while the available radio spectrum is already occupied by all its
licensed users. Due to the rapid growth of wireless users, there is a huge demand for wireless
applications. In research [1], It has been found free slots in the licensed user’s spectrum. Cognitive
Radio (CR) is developed in Mitola’s thesis [2,3] which is the smart radio access of the licensed user’s
spectrum dynamically when there is no transmission going on through primary user (PU)’s signals.
CR suits best to serve the demand of wireless users [4]. CR networks enable the secondary user (SU)’s
when there is a white space or PU’s spectrum is idle for further transmission [5]. All SU’s transmit
their signal using a licensed band (PU’s Spectrum) without disturbing the PU’s signal. There is the
main task of CR is to sense the PU’s spectrum before utilising by SUs. There are various spectrum
sensing techniques available based on which we can select the best suitable spectrum sensing
technique.

Figure 1 shows the entire cognitive radio process cycle. The spectrum sensing is based on results of
probability of detection (Pp) and probability of false alarm (Pra). In spectrum sensing, probability of
miss detection (Pwmp) causes interference to PU while Pra decreases the spectrum efficiency [5,6]. For
efficient utilisation of spectrum, spectrum sensing technique should maximize the Pp, minimize the
Pra and avoid the Pwvp. There are many different spectrum sensing methods available. Based on
Primary User (PU)’s information is not available, partially available or available, one can select the
best spectrum sensing technique for cognitive radio users [7-12].

TV channels conversion happened from analogue to digital, white space is created in spectrum. There
is a IEEE 802.22 Wireless Regional Area Network (WRAN) standard used for utilising TV white
spaces [13]. Instead of single spectrum sensing, Cooperative Spectrum Sensing (CSS) technique is
also used. In CSS, a decision is not taken by a single CR user but based on distributed or centralized
type of approach used.
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Figure 1 Cognitive Radio Cycle

2. Background Theory

In [14], MD is studied for identification of PU’s signal and also recognizes the power level of PU’
signal. Comparative study of energy detection spectrum sensing techniques for CR networks under
different channel environments like AWGN , Rayleigh fading channel in [15] and SNR is chosen -1
dB,4dB, 7 dBand9 dB to simulate ROC parameters. Spectrum sensing based on cooperation among
SUs is used to improve detection of PU’s signal [16]. In a cooperative environment, a number of CR
users/ SUs made grouping based on their observations [17]. In CSS, centralized approach, SUs sense
the channel and send their observations to Fusion Centre [18].While in CSS , distributed approach,
SUs decision does not depend on Fusion Centre but each SU takes their decision itself only[19]. To
increase probability of detection with relevant probability of false alarm, SU’s data is weighted where
algorithm can find errors of SU without relevance of malicious effect on it [20].

In [21], all transmitter based spectrum sensing techniques are analyzed like Energy Detector, Matched
Detector and Cyclostationary Feature Detection. In [22, 23], improved ED is shown with a dynamic
threshold for increasing probability of detection at -20 dB SNR. In [24], IEEE 802.22 WRAN standard
parameters are analyzed for cognitive radio networks.

3. System model
Here MD is designed under AWGN channel environment and OFDM environments which are
represented by their system models respectively in section 3.1 and 3.2.

3.1 Spectrum Sensing using Matched Detector in AWGN channel
Under Additive White Gaussian Noise channel, cognitive radio networks use matched detector
spectrum sensing.The system model is designed below through Eq.(1) with two hypothesis :

Hypothesis 0 (HO) : y=n &

Hypothesis 1 (H1) : y=n + x, X is a known pilot vector and w is a noise 1)
while using known value of x, we can perform matched filter operation as
y=X"y ()

Now put value of Eq. (2) in Eq. (1) to both hypothesis and estimated results are given as,

HO: y=X"y=X"n=n

H1: )7=XHy=XH(x+n)+||x||2ﬁ (3)
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InEqg. (3) noise i = X n which is Gaussian Random Variable with mean 0 & variance ||X||2c5,21

Now to determine PU’s signal, test statistics to decide HI & HO is in Eq. (4) ,

y>y = H1

y<y = HO 4)
Probability of false alarm Pra = Py > y] HO) = Q(7or— ) ()
Probability of detection Po= Py(§ > | H1) = Q (Y12 ) (6)

||X||Un

where threshold y can be calculated using y = ||x|| o, Q™ (Pea).

3.2 Spectrum Sensing using Matched Detector in OFDM systems

Orthogonal Frequency Division Multiplexing (OFDM) is a key broadband wireless technology and it
has a large transmission bandwidth which leads to significantly higher data rates. Several WI-FI and
Wireless Local Area Network (WLAN) standards are based on OFDM. For cognitive radio networks
operating in an OFDM Rayleigh fading channel, matched detector spectrum sensing is employed. The
system model is designed below through Eq.(7) with two hypothesis :

HO:y= n &

H1:y=XH+n=x+n (7)

where x= XH and X is a known diagonal matrix and H is N*1 DFT coefficient vector , X is
deterministic and known signal, using x , one can perform matched filteringas ¥ = x y

The result corresponding to both hypotheses is given as,
HO: 7= xfy =xfin =i
H1l: § = xfy =x"(x+ n) :||x||2+ i (8)

- . . . . . . 2
In Eq.(8), fi = x"n is again Gaussian random variable with mean zero and variance ||x|| a2

test statistics to decide H1 and HO is,

y>vy = H1

y<y = HO 9)

for Eq. (9) y can be selected as y = ||X||% Q-1 (PFA)

Probability of false alarm Pra = Pr(y = ¥| HO) = Q( 1) (10)

Probability of detection Pp= P«(j> y| H1) = Q (VH‘HL‘UV ) (11)
XI5

Eq.(10) & Eq.(11) are used to calculate Ppand Pra for spectrum sensing using OFDM environment for
CR users.

4. Simulation Results

In this paper, Matched Detector has been analyzed using various channel platforms and techniques.
Performance parameters like Probability of Detection (Pp) , Probability of False Alarm (Pra), number
of CR users on a network for cooperative spectrum sensing , different range of SNR and error
probability are focused and simulated.
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4.1 Performance Analysis of Matched Detector using AWGN channel

Matched detector is simulated for the AWGN channel environment here. Figure 2 shows SNR vs.
Probability of detection (Pp) results. It has been analysed for different ranges of Probability of false
alarm from 10 to 10°L. In figure 2 ,SNR is varied from -20 dB to +20 dB . Results say that when SNR
is increasing from -20dB to +20 dB, Pp is increasing from 0 to 1. It shows for a higher value of SNR,
there are better results for Pp, nearer to 1 value. In Figure 2, the ROC curve for a matched detector
under the same scenario, is plotted using simulated and analytical results for different SNR values. Pp
and Pra are calculated using Eqg. (5) and Eqg. (6) shown in section 3.1. In this ROC curve, simulated
and analytical results are matched for SNR values like -20 dB, -10dB , 0 dB and 10 dB . Results are
proved that the performance of the matched detector is better for SNR value 10 dB compared to -20
dB, -10 dB. and 0 dB.
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Figure 2 SNR (dB) Vs. Probability of detection (Pp) graph for Pea :10 6 to 10
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Figure 3 Probability of False Alarm (Pra) Vs. Probability of detection (Pp) graph for SNR : -20 dB to
10dB.

4.2 Performance Analysis of Matched Detector using OFDM systems

OFDM technique has been added to the previous section 4.1 with Matched Detector spectrum sensing
for cognitive radio network environments shown in Figure 4. Using OFDM, spectrum sensing can be
done under the worst SNR scenario like -25 dB & -30 dB .There is also advantage of OFDM Matched
Detector spectrum sensing technique to utilize the available spectrum efficiently due to orthogonality
in carrier signal. Figure 5 shows OFDM Matched Detector spectrum sensing technique under
Cooperative Spectrum Sensing (CSS) heterogeneous environment. All algorithms of CSS , perform
similar results in terms of Pp and Pra with SNR range -30 dB to -15 dB (low SNR region).
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Figure 4 Probability of False Alarm (Pra) Vs. Probability of Detection (Pp) for OFDM Matched
Detector for SNR -25 & -30 dB .
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Figure 5 With CSS: Probability of False Alarm (Pra) Vs. Probability of Detection (Pp) for OFDM
Matched Detector for SNR -30: 5: -15dB .

5. Conclusion
In this paper, Matched Detector spectrum sensing technique is analyzed under AWGN environment.

Further, OFDM has also been added to sense the spectrum under lower SNR regions. The different
parameters like Probability of Detection (Pp) , Probability of False Alarm (Pra ), are tested in this
different channel environment. Results have also been compared with Cooperative Spectrum Sensing
(CSS) heterogeneous environment. It states that using CSS, performance of detectors has increased
with OR logic. When the Detector operates in low SNR zones, its output is lowered. When there is a
good SNR, the detector performs better in terms of PU signal detection and O error probability for
Cognitive Radio Networks. In this paper, it's targeted on SNR like -10 dB to -30 dB( low region) and
obtained good results practically and theoretically. Detector is targeted Matched Detector in this paper
for all performance parameters analysis. Matched Detector required PU’s signal prior information to
generate reference signal.

References
[1] Federal Communications Commission, “Spectrum policy task force report, FCC 02-155,” Nov. 2002.
[2] J. Mitola and G.Q.Maguire,” Cognitive radios: Making software radios more personal,” IEEE Pers.

Commun., vol. 6, no. 4, pp. 13-18, Aug. 1999.

UGC CARE Group-1, Sr. No.-155 (Sciences) 563



e Industrial Engineering Journal
ISSN: 0970-2555
Volume : 52, Issue 2, No. 1, February : 2023

,
o £
Mo Y

[3] J. Mitola,“Cognitive radio: An integrated agent architecture for software defined radio,” PhD. diss.,
Royal Inst. Technol. (KTH), Stockholm, Sweden, 2000.

[4] S. Haykin, “Cognitive radio: Brain-empowered wireless communications,” IEEE J. Selected Areas
Communications, vol. 23, no. 2, pp. 201- 220, Feb. 2005.

[5] I. F. Akyildiz, W.-Y. Lee, M. C. Vuran, and S. Mohanty, “A survey on spectrum management in
cognitive radio networks,” IEEE Communications Magazine, vol. 46, no. 4, pp. 40—48, 2008.

[6] A. M. Wyglinski, M. Nekovee, Y. T. Hou,“Cognitive Radio Communications and Networks: Principles
and Practice” Elsevier, December 2010.

[7]1 Y. C. Liang, Y. H. Zeng, E. Peh, and A. T. Hoang, “Sensing—throughput tradeoff for cognitive radio
networks,” IEEE Trans. Wireless Commun., vol. 7, no. 4, pp. 1326-1337, Apr. 2008.

[81 H. Urkowitz, “Energy detection of unknown deterministic signals,” Proc. IEEE, vol. 55, no. 4, pp.
523-531, Apr. 1967.

[9] F. F. Digham, M. Alouini and M. K. Simon, "On the Energy Detection of Unknown Signals Over
Fading Channels," in IEEE Transactions on Communications, vol. 55, no. 1, pp. 21-24, Jan. 2007.
[10]S. Kim, J. Lee, H.N.Wang, and D.Hong,*“ Sensing performance of energy detector with correlated

multiple antennas,” IEEE Signal Process. Lett., vol. 16, no. 8, pp. 671-674, Aug. 2009.

[11] Ashish Bagwari, Brahmjit Singh,” Comparative performance evaluation of Spectrum Sensing
Techniques for Cognitive Radio Networks, 2012 Fourth International Conference on Computational
Intelligence and Communication Networks, IEEE 2012.

[12] G. Yang et al., "Cooperative Spectrum Sensing in Heterogeneous Cognitive Radio Networks Based on
Normalized Energy Detection,” in IEEE Transactions on Vehicular Technology, vol. 65, no. 3, pp.
1452-1463, March 2016.

[13] C. Cordeiro, et al., “IEEE 802.22: An Introduction to the First Wireless Standard based on Cognitive
Radios,” Journal of Communications, Vol. 1, No. 1, April 2006.

[14] X. Zhang, R. Chai and F. Gao, "Matched filter based spectrum sensing and power level detection for
cognitive radio network,” 2014 IEEE Global Conference on Signal and Information Processing
(GlobalSIP), Atlanta, GA, USA, 2014, pp. 1267-1270, doi: 10.1109/GlobalSIP.2014.7032326.

[15]R. Abdelrassoul, E. Fathy and M. S. Zaghloul, "Comparative Study of Spectrum Sensing for Cognitive
Radio System Using Energy Detection over Different Channels,” 2016 World Symposium on
Computer Applications & Research (WSCAR), Cairo, Egypt, 2016, pp. 32-35, doi:
10.1109/WSCAR.2016.13.

[16]Prince Semba Yawada, Mai Trung Dong, "Performance Analysis of New Spectrum Sensing Scheme
Using Multi antennas with Multiuser Diversity in Cognitive Radio Networks", Wireless
Communications and Mobile Computing, vol. 2018, Article ID 8560278, 13 pages, 2018.

[17]1A. Ostovar and M. Zheng, “Low-SNR Energy Detection Based Cooperative Spectrum Sensing in
Cognitive Radio Networks,” Wireless Personal Communications, 2017.

[18]J). Liu, R. Xiao, H. Zhang, and Z. Zhang, “A reliable cooperative spectrum detection scheme in
cognitive radio networks,” Wireless Networks, vol. 23, no. 3, pp. 651-661, 2017.V

[19] V. Arthi, P. S. Chakkravarthy, and R. Ramya, “Improved Two Stage Detection in Cooperative Spectrum
Sensing In Cognitive Radio Networks,” Cognitive Radio Networks, vol. 6, no. 9, Article ID 581, 2016.

[20]P. Prasain and D.-Y. Choi, “Nullifying malicious users for cooperative spectrum sensing in cognitive radio
networks using outlier detection methods,” Lecture Notes in Electrical Engineering, vol. 331, pp. 123-131, 2015.

[21]Ejaz, W., ul Hasan, N., Azam, M.A. et al. Improved local spectrum sensing for cognitive radio
networks. EURASIP J. Adv. Signal Process. 2012, 242 (2012).

[22] S. Nandakumar et al., "Efficient Spectrum Management Techniques for Cognitive Radio Networks for
Proximity  Service,” InlEEE  Access, wvol. 7, pp. 43795-43805, 2019, doi:
10.1109/ACCESS.2019.29064609.

[23] Kavita Bani and Vaishali Kulkarni, "Analysis of energy detector with improved ED and variable threshold
ED suitable for digital TV IEEE 802.22 WRAN", 2020, Journal of Physics, 1706 (2020) 012061.

[24] K. Bani and V. Kulkarni, "Simulation and Analysis of IEEE 802.22 Cognitive Radio Network," 2020
First IEEE, International Conference on Convergence to Digital World - Quo Vadis (ICCDW),
Mumbai, India, 2020, pp. 1-4, doi:10.1109/ICCDW45521.2020.9318712.

UGC CARE Group-1, Sr. No.-155 (Sciences) 564



