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Abstract – This paper exposes the investigation of the 

cognitive radios, specifically the implementation of the stage: 

Spectrum Detection. 

The study is performed in the Television (TV) band using 

the Energy Detection technique, which consists of measuring 

the power of the received TV signal within a bandwidth and 

comparing it with a defined signal that will act as a threshold 

to detect the existence of TV White Spaces (TVWS) in a 

suburban environment. 

The project is based on Software Defined Radio (SDR) 

technologies, since this technology allows an evolution of the 

SDR concept to a higher level such as Cognitive Radio. 

Initially, the implementation for the detection of primary 

users using Python programming in the GNU Radio software 

is presented, and experimental tests will be complemented 

with the reception of TV signals using the Universal Software 

Radio Peripheral (USRP) devices. 

Finally, the results show that in some television channels the 

level of occupation is null for some periods of time, which 

proves the existence of TV White Spaces in suburban 

environments shown in this project. 
 

Keywords – Cognitive Radio, Energy Detector, Software 
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I. INTRODUCTION 

 

The radio spectrum is constituted by electromagnetic 

waves propagated in the space at frequencies between 30 

(MHz) and 300 (GHz). It is a limited resource but above all 

it is the most used by telecommunications systems, defense, 

security services and emergencies, among other 

applications. Many studies have shown that it is not being 

used efficiently, and therefore a new usage strategy is 

needed as it becomes increasingly difficult to find vacant 

frequency bands to deploy services or improve those that 

already exist. 

According to one study, to determine if there are spectral 

gaps a program was adapted from the University of 

Berkeley, California [1]. 

With the information of the television stations, a 

propagation model recommended by the International 

Telecommunication Union (ITU) is used, the footprints of 

primary users are seen by the secondary ones through the 

spatial and spectral dimensions, and are slightly larger than 

the original coverage footprints of the primary users, the 

areas outside these parameters are known as TV White 

Spaces (TVWS). 

This report proves the quantification of blank spaces that 

are not used from the perspective of three dimensions: the 

temporal, the spectral and the spatial perspective, as well as 

the feasibility of using them for broadband services and 

using information from the stations transmitting signals of 

TV, the country's population and propagation models. 

  Concluding that there existed such unused spaces by 

primary users and the largest numbers of unoccupied 

channels are in rural and suburban areas. 
 

II. COGNITIVE RADIO IN TELEVISION 

FREQUENCIES 
 

A. Spectrum Detection in Cognitive Radio 
A Cognitive Radio is a radiofrequency device capable of 

sensing the spectrum over a wide frequency band and 

exploiting this information to provide wireless 

communications that need requirements depending of the 

application [2], its main objective is to maximize spectrum 

utilization, allowing dynamic access of unlicensed users, 

also known as cognitive users, to use frequency bands 

assigned to licensed users [3], that is, cognitive users can 

use bands that are inactive and release them at the moment 

that the licensed user requires the band. 

The first step in the creation of a cognitive radio device 

is the development of techniques that allow the reliable 

detection of the unused parts of the spectrum, which is 

known as Spectrum Detection. Thus, a cognitive radio 

device must periodically scan its radiofrequency 

environment to detect those parts of the spectrum that are 

not being used temporarily by its primary users, the 

spectrum detection phase is the most challenging stage in 

cognitive radio systems, is still in its early stages of 

development. 

B. Television Frequencies 
According to the planning of bands originally allocated 

to broadcasting services, the entire 470-806 (MHz) segment 

is part of the transition process to digital TV. The operations 

of the TV service in the band 470-512 (MHz) is not the most 

optimum, since in this segment operates multiple private 

radio communication systems, currently there are registered 

around 2000 systems, which generate serious problems in 

the operation of TV broadcasting service. In this regard, 

particular attention is given to the release of radio 

communication services in order to favor the rearrangement 

of television channels in these bands [4] and, remunerate 

this band for other radio communication services.  

C. TV White Spaces 
TV White spaces are unused resources from the 

perspective of three dimensions: temporal, spatial and 

spectral, are frequencies not used or areas where service 

providers do not have coverage area. In 2003 the Federal 

Communications Commission (FCC) showed that the 

spectrum used by primary users in specific areas only 

operates from 15% to 85% and in certain time periods, this 

allows the free frequencies to be exploited in an instant of 

time, in 2008 the FCC issued regulations to allow operation 

of unlicensed devices using spectral gaps [1]. In order to 

restructure spectral resources, the government created 
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strategies such as the analogue power outage where digital 

technologies are used to transmit TV, releasing frequencies. 

For optimum use of the TV White Spaces, it is necessary 

to have cognitive radio devices that select the most 

appropriate TV channels available in the area to be studied, 

not all white spaces channels are the same due to the user’s 

coverage area, devices must be able to self-locate or have 

sensing procedures that help determine a range of blanks in 

your locality. Secondary devices need to be well-defined 

which is an appropriate white space and how they would be 

associated with those channels so as not to interfere with 

those being used by a primary user. Thus through an ad-hoc 

network through routing algorithms internet services can be 

provided using Wi-Fi technologies. 

 

III. 802.22 STANDARD, WIRELESS REGIONAL 

AREA NETWORK (WRAN) 
 

The IEEE 802.22 standard was published in July 2011 

[5], which specifies the air interface including the cognitive 

media access (MAC) and physical (PHY) layers of point-

multipoint networks such as the Wireless Regional Area 

Network WRAN) composed of fixed radio bases (BS) and 

fixed or mobile users (CPE) terminals operating in the TV 

bands (VHF / UHF) between 54 (MHz) and 862 (MHz) [6] 

and in the guard bands. 

Fig. 1 shows that each CPE performs a spectrum sensing 

and then sends the reports (in an established format) to the 

BS who makes the decisions of the parameters that will be 

used to establish the communication under the non-

interference constraint [7]. 

 

 
Fig. 1. IEEE 802.22 WRAN network application with BS 

and CPE 

 

This standard specifies the thresholds for vacating a 

channel [8] in the presence of a TV signal, Table I: 

 

Table I. Thresholds for a digital television signal 

Signal                                                 Sensibility SNR 

Digital Television 
-116 (dBm) on a  

6 MHz channel 
-21 (dB) 

   

IV. MATERIAL AND DETECTOR METHOD 
 

In order to present the work, Software Defined Radio 

technology was used, which allows the processing of a 

signal through software, thus reducing costs by 

manufacturing hardware and facilitating the availability of 

applications. 

Universal Software Radio Peripheral (USRP) is a range 

of software-defined radios intended to be a comparatively 

cheap hardware platform for software radio, and is 

commonly used by research laboratories. 

 

Table II.  Specifications of the equipment used 

Device Frequency Range Model 

Directional Antenna 400 MHz – 1 GHz LP0410 

SMA-SMA Cable 0 Hz – 6 GHz --------- 

Daughterboard 50 MHz – 2 GHz WBX - 40 

SDR Device ----------- USRP E100 

 

Next, the design and implementation of the energy 

detector, which allows the cognitive user to identify the 

spectral opportunities in the television band, is described in 

detail, describing in a diagram the script created for the 

detection of television carriers. 

The Energy Detector is the most widely used spectrum 

detection method due to its low level of computational 

complexity [9]. 

𝑦 [𝑛] = 𝑥[ 𝑛 ] + 𝑟[ 𝑛 ]                                        (1) 

"n" is the number of samples in the time domain and the 

samples x [n] are independent, so the correlation of these 

samples as shown in equation (2) improves the performance 

of the method. 

𝑀 = ∑ |𝑦(𝑛)|2𝑁
𝑛=1                                               (2)                                            

"M" is the number of samples that will fit into the primary 

user detector buffer. 

There are two hypotheses for detecting opportunities in 

the spectrum: 

 
 

Where: 

𝑦[𝑛] = 𝑠𝑖𝑔𝑛𝑎𝑙 𝑟𝑒𝑐𝑒𝑖𝑣𝑒𝑑 

𝑥[𝑛] =  𝑝𝑟𝑖𝑚𝑎𝑟𝑦 𝑢𝑠𝑒𝑟 

𝑟[𝑛] =  𝑛𝑜𝑖𝑠𝑒 
 

A threshold (λ) must be defined and each reading 

obtained will be compared to that threshold, to evaluate the 

performance of the spectrum detection are defined: 

𝑃𝐷 = 𝑃 (𝑀 >  𝜆)⃒𝐻1 (𝑆𝑢𝑐𝑐𝑒𝑠𝑠𝑓𝑢𝑙 𝑑𝑒𝑡𝑒𝑐𝑡𝑖𝑜𝑛)           (5) 

𝑃𝐹𝐴 = 𝑃 (𝑀 >  𝜆)⃒𝐻0 (𝐹𝑎𝑙𝑠𝑒 𝑎𝑙𝑎𝑟𝑚 𝑑𝑒𝑡𝑒𝑐𝑡𝑖𝑜𝑛)       (6) 

The balance between 𝑃𝐷 and 𝑃𝐹𝐴 will give an optimal 

threshold value, the parameters for the design of the energy 

detector are specified in the IEEE 802.22 standard where in 

the case of Digital Television in the Advanced Television 

System Committee (ATSC) and considering a receiver 

noise figure of 11 (dB) [9] the performance conditions 

mentioned in the standard are detailed in Table III. 

 

Table III. Design values of the Power Detector. 

Parameter                                          Value 

Probability of detection  0.9 

Probability of false alarm  0.1 

 

In the block diagram in Fig. 2, each element to be used 

for the implementation of the energy detector block in 

USRP E100 is detailed below. 
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Fig. 2. USRP Implementation Scheme 

 

The code was made in the Python programming 

language, each sample obtained at the output of the detector 

block is compared based on a configurable number of input 

elements. 

 

V. USRP E100 PROBES 
 

The selected testing site was in a suburban area, as 

Broadcast service providers often do not reach sufficient 

coverage area and this would benefit rural and suburban 

areas or to provide higher bandwidth mobile 

communication systems. 

To capture the results, the frequency range of 506 to 512 

(MHz) is shown, although the analysis and the sensing were 

performed for each of the TV channels by analyzing their 

respective frequencies, this band of frequencies was 

selected because it corresponds to the frequencies assigned 

to the National Autonomous University of Mexico channel. 

Configuring the detection parameters gives the graphic 

output shown in Fig. 3 with the values of the input 

parameters such as noise uncertainty, false alarm 

probability (𝑃𝐹𝐴) and noise floor power; also the resulting 

calculated threshold, total signal power, power spectral 

density and detector output. 

 

 
Fig. 3. Spectrum obtained from the Energy Detector 

By increasing the uncertainty of noise and maintaining 

the probability of false alarm, the threshold increases and 

by increasing the probability of false alarm that the IEEE 

802.22 proposes, decreases the threshold, which can cause 

interference to a primary user and poor detector quality of 

energy, remembering that the probability of detection has a 

higher value (𝑃𝐷 = 0.9) since in a cognitive environment it 

is preferred to lose transmission opportunity rather than to 

interfere with a primary user. 

Finally, adding simulated noise shows how SNR levels 

and threshold output vary.  

Concluding that it is true that when the total power of the 

signal at the input of the detector (primary user power + 

noise floor power + simulated noise power) exceeds the 

threshold level the block output equals "1" or otherwise Is 

equivalent to "0". The simulated noise increase is taken into 

account by the block and also updates the threshold value 

based on it. 

Fig. 4 shows that by increasing Gaussian Noise to 

20 ∗  10−3, which is not a very large value, the threshold is 

modified but the power of the signal continues to be higher 

than the threshold, the summed noise does not affect the 

signal transmitted by the primary user so the presence of a 

primary user in surroundings is detected Real "1" and the 

cognitive user can not initiate the transmission protocol. 

 

 
Fig. 4. Amplitude of Simulated Gaussian Noise 1 

 

While in Fig. 5 the value increases to  35 ∗ 10−3 and the 

threshold calculation increases as well as the signal 

strength, but making a comparison between them to 

determine if there is a primary user transmitting, it is 

observed that the power of the signal does not exceed the 

threshold value by throwing a "0" as a result, or primary 

user is absent, that is, because the detector only detects 

noise and therefore gives a guideline so that the cognitive 

user can begin with the transmission protocol. 

User is absent, that is, because the detector only detects 

noise and therefore gives a guideline so that the cognitive 

user can begin with the transmission protocol. 

The amplitude levels were adjusted in each segment of 

the spectrum analyzer and the USRP E100 equipment 

without exceeding the signal levels at the input; since 

otherwise changes occur larger than the average variation 

of floor noise, for each measure.  
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Fig. 5. Increase in simulated noise 2 

 

The goal was to have as much sensitivity as possible in 

the receiver, avoiding that external signal levels could be 

detected as a primary user activity.  

Decision levels (λ) are presented in Table IV, and were 

found with a false alarm probability (𝑃𝐹𝐴) of 10 %. 

 

Table IV. Detection Threshold for USRP E100 

TV band                                Noise Level   Sensitive  Level State 

506 – 512 

[MHz] 

-118 dBm Occupied: -116 

dBm Free -118 

dBm 

Occupied:  85% 

Free: 30 sec 

512 – 518 

[MHz] 

-106 dBm -102 dBm Occupied 

524 – 530 

[MHz] 

-108 dBm -90.4 dBm Occupied 

530 – 536  

[MHz] 

-111 dBm -60.4 dBm Occupied 

536 – 542  

[MHz] 

-118 dBm -116 dBm Occupied 

542 – 548 

[MHz] 

-119 dBm Occupied: -106 

dBm Free: -119 

dBm 

Occupied: 90% 

Free: 1-10 sec 

548 – 554 

[MHz] 

-119 dBm Occupied: -109 

dBm  Free: -118 

dBm 

Occupied: 90% 

Free: 3 min 

560 – 566 

[MHz] 

-118 dBm Occupied: -106 

dBm  Free: -118 

dBm 

Occupied: 80% 

Free: 1-10 sec 

566 – 572 

[MHz] 

-119 dBm Occupied: -104 

dBm  Free: -120 

dBm 

Occupied: 90% 

Free: 1 min 

584 – 590 

[MHz] 

-118 dBm -60.4 dBm Occupied 

650 – 656 

[MHz] 

-107 dBm -104 dBm Occupied 

674 – 680 

[MHz] 

-112 dBm -95.6 dBm Occupied 

680 – 686 

[MHz] 

-119 dBm -80.4 dBm Occupied 

 

In order to corroborate the energy levels through the 

USRP E100, the measurement equipment is complemented 

by a Spectran HF-6060 spectrum analyzer, which is used 

for spectral power measurements and the recording of 

spectral activity over the range of frequencies in the 

television band, this way you can make a comparison with 

both readings and show more accurate results in Fig. 6. 

The results presented in the graphs are not perfectly ideal, 

the detected frequency bands presented include a large 

number of transmitters of diverse nature, from narrowband 

to broadband systems and from weak signals received near 

the noise floor to strong signals. 

 

 
Fig. 6. Comparative graph of results between spectrum 

analyzer and USRP 

 

The digital television band (between 584 and 692 MHz) 

has a spectral occupation of approximately 100%. But there 

are many individual channels from 542 to 572 (MHz) that 

have low occupancy levels, approximately 90% occupancy 

for the entire band that is between 542 and 572 (MHz). 

Fig. 7 shows the infrastructure installed for the 

monitoring of television channels. 

 

 
Fig. 7. Monitoring of TV bands 

 

VI. ANALYSIS OF RESULTS 
 

A. Power Detector Performance 
The graph 𝑃𝐷 in function of 𝑆𝑁𝑅 serves to visualize the 

conditions which the method detects the primary signals. 

To observe the performance was simulated a signal given 

a certain probability of false alarm (𝑃𝐹𝐴) that allowed to fix 

a threshold , the amplitude of the noise simulated Additive 

White Gaussian Noise (AWGN) to have different Signal 

Noise Ratio (SNR) is varied. 
 

 

𝑃𝐷 = 𝑄 (
𝜆 − (𝑆𝑁𝑅 + 1)

(𝑆𝑁𝑅 + 1)√2
𝑁

                                                (7) 

For a given level of AWGN noise amplitude several 

detector outputs were recorded, these outputs were 

averaged as well as the SNR of each and to obtain each 

point of the graph, approximately 500 samples were 

obtained. 

In Fig. 8 the probability of detection result for two 

different noise uncertainties and different false alarm 

probabilities (0.1 𝑦 0.02) was plotted. In the blue and green 

curve, a noise floor is assumed with an error of 10% which 
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 is the estimate that has in practice. 

Taking as a reference the dotted curve it is observed that 

below a SNR of -23 (dB) the detector blocks obtains a 

probability of null detection; therefore, it is shown that 

below those values the detector is not effective. On the other 

hand, with a SNR of -21.5 (dB) the method obtains a unit 

detection probability, which indicates that from this value 

the Energy block will always detect signal. 

 

 
Fig. 8. Power Detector Performance 

 

B. Receiver Operating Characteristic (ROC) Curves 

This graph is 𝑃𝐷 in function of 𝑃𝐹𝐴 allows to observe the 

behavior of the method as a function of the probability of 

detection and false alarm under different SNR conditions, it 

is important to emphasize that 𝑃𝐹𝐴 it is strongly linked to 

the non-primary signal with which the detector is tested. 

The input signals of the detector are an empty channel 

and a channel of TV varying the threshold for both inputs 

and as the output can be linked to the same vector of 

threshold values the graphic can be obtained, for this 

method it was chosen to vary the Noise uncertainty 

parameter which directly impacts the threshold. 

In Fig. 9 it is also observed that as the SNR decreases, 

lower values are obtained and the detector performance is 

not good, such as the blue curve. It can be seen in the graph 

how the curve that approaches the unit faster is the one that 

corresponds to the highest SNR, whereas the curve that 

takes longer to reach the same probability is the one that has 

the lowest SNR, Probability of false alarm can be reached 

to a good detection of a primary user. 

 

 
Fig. 9. Receiver Operating Characteristic (ROC) Curves 

 

VII. CONCLUSIONS 
 

Once the Energy Detector and Application method was 

chosen in the USP E100, according to the values obtained 

during the test sense of spectrum occupancy statistics, in the 

function of Digital TV services and results obtained, they 

have periods of time without occupation. 

IEEE 802.22 the power level is -116 (dBm), in the tables 

obtained with the values of the threshold decision, many 

channels in effect were busy, however there were others that 

for periods of 10 to 180 seconds did not reach the -116 

(dBm) levels, hence in the study work cycle calculated as 

the ratio between the number of samples of the power 

spectral density. The channels occupied and the total 

number of samples captured during the period of 

measurement, the band of digital television (between 584 

and 692 MHz) has a spectral occupation of approximately 

100%. However, there are many individual channels from 

542 to 572 (MHz) that exhibit low levels of occupancy. 
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