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Abstract 

The ever increasing demand for wireless broadband services has imposed severe 

bandwidth constraints on wireless communication system. These demands have led to 

the technological responses such as the advancement in radio access, coding and 

modulation schemes as well as spectrum aggregation and cognitive radio capabilities 

of LTE-A and 5G networks developed by the 3GPP. In this paper a review of spectrum 

sensing algorithms for TVWS applications in wireless communication systems is 

conducted and the major findings and limitations highlighted. 
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INTRODUCTION 

It is a common knowledge that the International Telecommunication Union (ITU) has 

allocated frequencies from 54 MHz to 862 MHz to the Television (TV) broadcast band 

with a bandwidth of 6 or 8 MHz depending on which standard is chosen. Research 

works on these channels’ (frequencies) utilization have been carried out over the years. 

The channels that are not occupied by a primary user at a given location or time are 

called the Television White Spaces (TVWS). The TVWS can be used to provide 

wireless broadband multimedia access (Chakraborty et al., 2016).  Jaap et al (2011), 

Atimati et al (2015), and Arslan (2015) have conducted quantitative TVWS channel 

availability investigation across many cities/countries of the world and found on 

average that the TV spectrum is underutilized with low average occupancy values of 

less than ten percent (10%). This makes TVWS to serve as the effective way for 

spectrum utilization by offering application for various services including wireless 

broadband deployment (Santosh and Maziar, 2012, Ibiyemi and Gbenga-Ilori, 2010, 

IEEE 802.22 2011 and Carlson 2016). This paper is aimed at reviewing the spectrum 

sensing algorithm of TVWS for application in wireless communication systems.  The 

remainder of this paper is organized as follows: Section II discusses the background 
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knowledge of TVWS. In Section III reviews of TVWS spectrum sensing algorithm are 

presented and finally conclusion is drawn in section IV. 

 

BACKGROUND INFORMATION ON TVWS CHANNELS 

The International Telecommunication Union –Radio Section (ITU-R) has divided the 

world into three regions, namely: Region 1 comprises of Africa, Europe, former Soviet 

States, Middle East and Islamic Republic of Iran; Region 2 comprises of North and 

South America, Greenland and the Caribbean; Region 3 comprises of Asia and 

Oceania. The GE-06 ITU-R conference was organized for Region 1 countries on 

Digital Switch Over (DSO) implementation, (Elmoghazi at el 2013). The DSO is a 

process of migration from analogue to digital transmission of television signals. From 

the presentation of Amana (2017), the DSO is implemented on ultra high frequency 

(UHF) band ranging from 470MHz to 862 MHz comprising of 48 TV channels 

numbering from channel 21 to 69. The World Radio Conferences in 2007 and 2012 

(WRC-07and WRC-12) have modified the decision of GE-06 with the implication of 

operating Digital Terrestrial Television (DTT) on frequency band between 479 MHz 

and 694 MHz ranging from channels 21 to 48 only as depicted in Fig. 1. The remaining 

channels are to be used on co-primary basis pending when the analogue transmitters 

are finally switched off and are allocated for wireless communication and other 

services (Elmoghazi et al 2013). 

 

 
However, with the advent of dynamic spectrum access of cognitive radio technology 

through License Assisted Access (LAA), all TV UHF channels except channel 36 to 

38 could be used on co-primary basis to offer wireless broadband service provided 

there is no interference with the primary users (Steve 2010). Stephen (2009) has stated 

that based on Federal Communication Commission (FCC) rules, mobile (portable) 

devices are not allowed to operate on Very High Frequency (VHF) band. The channels 

obtained through DSO or dynamic spectrum accesses (also called open access) are 

referred to as the TVWS. Gbenga-Ilorin and Ibiyemi (2010) and Opawoye at el (2015) 

CH 21 

 

     CH 

48 

 

CH 49 

 
    CH 69 

 694 

MHz 

DTT UHF Service Band Freed Analogue UHF Channels 

470 

MHz 

862 

MHz 

Fig.1: Implication of WRC-7 and WRC-12 on UHF TV Spectrum 
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mentioned some number of benefits that would be derived from using the TVWS 

which include maximizing economic benefits, maximizing the social values, provision 

of broadband for all by bridging the digital divide, media and audiovisual policy 

objectives, and  promoting innovation and competition. 

 

REVIEWS OF SPECTRUM SENSING ALGORITHMS FOR TVWS 

APPLICATIONS 

Spectrum sensing is meant to detect free TV channels for TVWS applications without 

interfering with primary users. IEEE 802.22 (2011) has specified the two major types 

of spectrum sensing methods, namely; parametric (signal specific) and non- 

parametric (blind). The signal specific approaches take cognizant of signal features 

while the blind are energy-based sensing approaches. Reviews of developed 

algorithms on spectrum sensing are presented in the subsequent paragraphs. 

Arooj (2017) implemented a two stage (hybrid) sensing algorithm to detect the 

presence of primary user (PU) in a TVWS within the 500 – 698 MHz spectrum using 

a so called pilot-tone and energy detection technique. This technique was used to 

initially detect the presence of incoming pilot signal that conforms to Advanced 

Television Systems Committee (ATSC) TV standards. The decision made on the 

presence of this type of signal is passed to the second stage where the signal’s energy 

was computed and compared with some threshold value. The final decision on whether 

a PU was present or not was computed using equation (1). 

Signal detected (𝑑) = {
0, 𝜆 < 𝛾

1, 𝜆 ≥ 𝛾
                                                                            --- (1) 

Where 𝜆 is the average energy of the incoming signal and 𝛾 is the predefined threshold. 

A “0” and “1”decisions indicated the absence and presence of primary users 

respectively. Their algorithm was tested on the data collected during a simulated real-

time environment with a Universal Software Radio Peripheral (USRP) hardware and 

radio software written in C++. The performance of this method was measured by its 

probability of detection (Pd) and the probability of false alarm (Pf).  

Bharatula and Murugappan (2016) developed an Intelligent Fuzzy Based Energy 

Detection Algorithm for Cooperative Spectrum Sensing. The algorithm was proposed 

to overcome the transmission overhead as a result of the noise variance and channel 

state information during cooperative spectrum sensing process. Cooperative sensing 

is meant to improve sensing accuracy by taking advantage of the spatial diversity in 

multiple cognitive radio user networks. In the proposed spectrum sensing energy 

detection was performed at secondary users (SU) followed by the fuzzy based fusion 

for decision making. Based on the energy detection at SUs, local observations are 

transmitted to the fusion centre (FC). The global decision was made at the FC using 

the local observations by means of adaptive Sugeno’s fuzzy system based on multiple 

threshold values. The global decision was given by 

Signal detection (𝑢𝑜) = {
0, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

1, ∑ 𝑝𝑑𝑘 > 0𝑁
𝑘=1

      ---- (3) 
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Where 𝑃𝑑𝑘denote the private decision reflecting the possibility that the PU signal was present 

based on the observation of the 𝑘𝑡𝔥 SU according to the fuzzy inference rule. The global 

decision was made by comparing the energy spectrum of the received PU signals at SUs to 

determine presence or absence of PU signal using Fuzzy fusion center for decision making.    

Arslan (2015) conducted an experimental non-parametric energy spectrum sensing technique 

on the Universal Software Radio Peripheral 2 (USRP2) hardware interfaced with MATLAB 

for cognitive radio applications. The amount of energy present in a channel was computed 

from the Fast Fourier Transform (FFT) of incoming signal. The channel was assumed to be 

free if the energy level was below a specified threshold and occupied otherwise. The algorithm 

that was developed was aimed at finding the available TVWS channels; simulation results 

showed that about 83% of the allocated TV spectrum band was unoccupied. Accommodation 

of broadband services on the free TV channels was made as future recommendation of the 

work. 

Yue et al. (2016) developed a parametric sensing algorithm to detect the presence of signals 

from Phase Alternating Line – Delay (PAL-D) analogue TV signals primary users within TV 

spectrum. The flowchart of the implemented algorithm is shown in Figure 3. 

 
                                                                                              Source: Yue et al. (2016) 

Figure 2: Parametric Algorithm for Analog TV Signals (PAL-D) 
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Field experiments were conducted to test the performance of their method using the 

Agilent N5182A MXG signal generator to generate analog TV signals. The detection 

probability Pd achieved over 90%. Their algorithm improved the weak signal detection 

ability significantly compared to the energy detection method under the same 

condition.  

Ikuma and Mort (2010) presented an autocorrelation-based spectrum sensing 

algorithm to detect the presence of primary users (PUs). In this work, the TV channel 

signal underwent the processes of down conversion, low-pass filtering and sampling 

in order to obtain the complex baseband signal. The Power Spectral Density (PSD) of 

the autocorrelated signal (𝑿) was computed and then subjected to the decision 

statistics  by comparing it with threshold value λ  as shown in equation (2). 

 Sensing Algorithm = {
PSD(X) < λ,     PU Absent 

PSD(X) ≥ λ,    PU present
                            --- (2) 

Their results showed remarkable performance improvement when compared with 

covariance-based detector. In addition the autocorrelation-based sensing technique has 

the ability of differentiating between signals and noise, which makes it less sensitive 

to noise uncertainty, passing the 𝑃𝑆𝐷(𝑿) through a window function reduced spectral 

losses and improved the sensing performance.  

There have been many other energy–based spectrum sensing techniques in literature 

which are based on periodogram with different degrees of enhanced capabilities in 

terms of spectral estimation through applications of different window functions 

(Leopoldo et al. 2013, Shazad et al. 2013). These windowing functions were used to 

reduce spectral losses (leakages) and improve estimation accuracy.  

 

COMPARATIVE ANALYSES OF THE REVIEWED ALGORITHMS 

Table I showed comparative analyses of the reviewed algorithms for wireless 

communications applications. This serves not only as a systematic review method with 

the aim of providing knowledge on the various spectrum sensing algorithm approaches 

but also discussing the findings and limitations of each reviewed algorithm. 

Author’s 

Name/ 

Date 

 Spectrum 

Sensing  

Algorithm 

Technique 

Type Findings Limitations 

 

Arooj (2017) 

 

 

 

 

 

Hybrid 

Energy and 

Pilot 

Detection 

 

 

Parametric and 

Nonparametric 

 

 

 

The pilot-detection method was to 

only detect digital ATSC TV signal and 

employed Bandpass FIR filter using 

the Kaiser window. Then the signal 

was passed to the energy detection 

1). Possible inconsistent `   

spectral estimation due to 

periodogram as  no windowing 

function presented and the type 

of energy detection method was 

not specified. 
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Bharatula 

and 

Murugappan 

(2016) 

 

 

 

 

 

 

Intelligent 

Fuzzy Based 

Energy 

Detection 

 

 

 

 

Parametric 

stage which used binary detection 

hypotheses 

 

Spectrum sensing energy detection 

was performed at secondary users 

(SU) followed by the fuzzy based 

fusion for decision making. Based on 

the energy detection at SUs, local 

observations were transmitted to the 

fusion centre (FC). The global decision 

was made at the FC using the local 

observations by means of adaptive 

Sugeno’s fuzzy system based on 

multiple threshold values. 

2) Not suitable for spectrum 

aggregation 

Process. 

 

 

1) Increased 

complexity and 

decision processing 

delays 

 

  

 

Yue 

(2016) 

 

 

 

Arslan 

(2015) 

 

 

 

 

 

 

Ikuma 

and Mort 

(2010) 

 

 

 

 

Shazad 

et al 

(2013) 

 

 

 

Analogue signals (PAL-

D) 

 

 

Energy detection using 

the Universal Software 

Radio Peripheral 2 

(USRP2) hardware. 

 

 

 

 

Autocorrelation 

coefficient of the 

received signal. 

 

 

 

 

Blackman Tukey PSD 

stimation   
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Nonparametric 

 

 

 

 

 

 

 

Nonparametric 

 

 

 

 

 

 

Nonparametric 

 

Detection of the presence of 

analogue signals (PAL-D) in TVWS 

channels using the features of 

analogue TV signals  

 

 

The energy of the received signal 

was computed and passed through 

Blackman – Harris window to 

remove leakages of the spectrum 

signal. The result was then 

compared with a threshold  

 

 

Autocorrelation of the incoming 

base band signal the computing the 

PSD and compare result with 

reference value 

 

 

 

Described direct application of 

window function to the auto-

correlation 

coefficients of the signal samples 

using Blackman-Turkey (BT) 

method 

 

1.long time sensing duration 

due to iteration and 

computational complexities 

2. PMSE and DTV signals cannot 

be sensed 

 

The possibility of constant 

variance as number of samples 

increases that can lead  to 

inconsistent estimation (since 

it used periodogram) 

 

 

 

No windowing function for 

spectral leakages and 

estimation accuracy 

2. It was not meant to be 

applied in spectrum 

aggregation process 

 

Although this sensing method 

used widowing function, no 

algorithm was presented for 

TVWS applications when 

considering the temporal 

variability of the TVWS 

channels.   
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CONCLUSION 

Spectrum sensing algorithms for wireless communications were reviewed and the 

major findings and limitations highlighted. Although no literature was accessed as at 

the time of writing this paper  on the developed algorithm for TVWS applications- 

such as spectrums aggregation of component carriers from 4G/5G and TVWS bands- 

developing an algorithm based on energy sensing techniques using windowing 

functions such as Blackman-Tukey can provide consistent estimate of the transmitted 

signal by eliminating signal samples with high variance at the receiver, thereby, 

providing the power spectrum with small variance values. This would enhance the 

sensing accuracy and lead to optimal primary user’s protection against interference by 

secondary user. 
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