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I.     INTRODUCTION 

Owing Spectrum shortage is a big concern in 

the present scenario. The allocation of static 

spectrum is specified by the International 

Telecommunications Union (ITU) so that we 

cannot use the unused spectrum band. To address 

miscommunication between under-use of 

bandwidth and lack of spectrum, a safer and more 

effective communication approach is called 

cognitive radio. The increase in the number of 

subscribers and the popularity of data and 

multimedia networks, the need of radio bandwidth 

for wireless connectivity is increasing. In cognitive 

radio networks, the frequency bands of the primary 

users may be used by the secondary users when 

they are not currently being used. The secondary 

users must sense the radio frequency environment 

and once the primary user is found to be active, the 

secondary users must vacate the channel under a 

short period of time. As a clever approach to 

increase access to the radio spectrum and address 

the issue of its shortage, intelligent radio 

technology has been suggested [1]. 

 Cognitive radio systems allow unused spectrum 

holes to be detected and permit secondary users to 

use them while preventing interfering with the main 

user (PU) [2]. The nature of the work is the 

gathering of real-time statistical data and the 

implementation of many analytical procedures to  

 

 

draw conclusions about the current condition of the 

frequency occupancy. For instance, we introduce a 

low SNR threshold for better analysis of the signal. 

The measurement setup, outlier’s removal and 

threshold values for different band of frequency are 

presented here. 

II.     MEASUREMENT SETUP 

The measurement campaign is set at the top of 

the main building, which proves to be an ideal 

position for such a purpose. The terrace has a direct 

line of sight with several FM transmitters, analog 

and DVB-T TV transmitters, base stations for GSM 

and UMTS and several other stations with a 

minimum altitude of 400 meters. 

A. Hardware Used 

One of the key aims of our monitoring campaign 

was to investigate spectrum use shifts over a 

prolonged period of time [3]. In this spectrum 

occupancy analyses we are using a discone antenna, 

R&S FSH3 spectrum analyzer, RS-232-C optical 

interface cable (RES II), The DA5000 is a compact 

discone aerial antenna used for the upper UHF 

frequency range applications of 700MHz to 3GHz. 

A discone antenna is a variant of a bi-conical 

antenna in which a disk covers one of the cones. 

Typically, it is vertically placed, with the disc at the 
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top and the cone below. It is unusually wideband 

with a frequency spectrum ratio of up to about 

10:10, Omni directional, vertically polarized and 

with a dipole-like gain. An antenna is an element 

that matches electromagnetic energy from the 

characteristic impedance of the free space (377 Ω) 
to the characteristic impedance of an antenna cable 

(50Ω).A spectrum analyzer measures the magnitude 

of an input signal versus frequency within the full 

frequency range of the instrument. The primary use 

is to measure the power of the spectrum of known 

and unknown signals [4]. The R&S FSH3 is the 

perfect spectrum analyzer for rapid, high-precision, 

cost-effective signal analysis from 100 kHz to 3 

GHz. The RS-232-C optical interface is for 

connecting a PC and spectrum analyzer. 

 
Fig. 1 Observations set up deployed on the roof of the Sinhgad College of 

Engineering, Pune 

We have elaborated in more depth on each part 

of our measuring setup below. The detailed set of 

measurement parameters used is seen in Table I and 

Figure 1 shows the complete setup of measurements. 

B. Data collection & format 

 We calculated the frequency spectrum from 700 

MHz to 2.7 GHz in general, where most cellular 

networks run today. We also consider DSA 

networks to be broadband systems because of the 

general trend in wireless networking towards more 

broadband applications. Based on the bandwidth 

characteristics of the chosen antennas and the fact 

that many common wireless systems, such as GSM, 

we use 200 kHz bandwidth channels. Spectrum 

white spaces of a few tens of kHz are not 

interesting for opportunistic usage and a very rough 

resolution bandwidth of 200 kHz is a reasonable  

TABLE I 

SPECTRUM ANALYZER CONFIGURATION 

 

balance. We have selected the above parameters for 

frequency span and bandwidth resolution [3][5].  

In first 2 days of measurement campaign, which 

was designated for RF band, the band from 

700MHz to 2.7GHz spectrum is selected for 

scanning. For data collection, program is written in 

the Remote Control software of FSH (R&S FSH-

Remote) using the commands of FSH-Remote 

software. The whole band from 700MHz to 2.7GHz 

is divided into 34 sub-bands each of frequency span 

is 60MHz. This 60 MHz frequency span has 301 

frequency points. Therefore, the total number of 

frequency points in the whole band is 301 X 34 = 

10234. The whole band is scanned in 1.5 minutes. 

The files are collected in .CSV (comma-separated 

values) format. 

This spectrum scanning for whole spectrum 

is carried out at the same location for 2 days (48 

hours) continuously. Also the noise measurements 

were taken in the same location. The data is then 

processed and viewed for further analysis and 

comparison. 

III. SPECTRUM  SENSING 

Energy detection is the most widely used method 

since it has low complexity and it does not require 

prior information about of the primary signals. In 

the energy detection process, the spectrum 

Measurement Type Analyzer 

Dynamic Range Low Distortion 

Centre Frequency 
Changed with frequency 

band 

Frequency Span 60MHz 

Frequency Offset 0 

Sweep time 0.1 sec 

Trigger Mode Free Run 

Trigger Delay 0 

Trigger Level 0 

Resolution Bandwidth 100 KHz 

Video Bandwidth 100 KHz 

Reference Unit dBm 

Reference Range 10 dB/div 

Reference Level -20 

Reference Offset 0 

Input Value (Ohm) 50 

Trace Mode Clear / Write 

Trace Detector RMS 
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occupancy decision is based only on the threshold 

obtained depending on the noise. The threshold is 

compared with the perceived energy and it is 

decided whether the primary user is present or not. 

It aims essentially to decide between two states: 

primary user signal is absent, denoted by 𝐻0, or 

primary user signal is present, denoted by 𝐻1. The 

decision of energy detector is the test of the 

following hypothesis: 

  𝐻0 :( 𝑛) =𝑊 (𝑛)             ∶ primary user absent 

  𝐻1 :( 𝑛) =𝑆 (𝑛) +𝑊 (𝑛) ∶ Primary user present 

Where (𝑛) is the signal received by the 

secondary user and (𝑛) is the primary user‘s 

transmitted signal, 𝑊 (𝑛) is the Additive White 

Gaussian Noise (AWGN) with zero mean [6] .  

 Energy detection is one of the most used 

techniques for spectrum sensing because it does 

not require any prior information about the 

characteristics of the primary user signal. However, 

this technique does not distinguish between the 

signal and the noise. It has a low performance at 

low SNR [7]. 

IV. SNR THRESHOLD DETECTION 

 Received Signal strength is an approximate 

measure of the power level that the RF client 

interface receives from the access point or router. 

The signal becomes weaker at greater distances and 

the wireless data speeds become higher, leading to 

lower overall data throughput. The optimum 

network is for the mixed network used,-70 to-80 

dBm and noise is considered to be below the 

threshold values. Threshold value specification is a 

very critical parameter, since the threshold value 

explicitly influences the occupancy of the 

continuum. Owing to the high decision threshold 

and the low decision threshold, two big issues have 

occurred: underestimation and overestimation of 

spectrum occupancy. To maximize the spectrum 

sensing efficiency of spectrum sensing methods and 

to decrease the overall likelihood of error, the 

threshold determination procedure is suggested. 

If this energy is larger than this threshold, the 

primary user is found to be present; otherwise, the 

primary user signal is assumed to be missing. This 

approach is simple since it does not need any prior 

knowledge about the primary consumer signal, 

which makes it much easier than the sensing 

strategy of matched filter and autocorrelation [8]. It 

will be considered as a signal if the power level 

reaches a predetermined threshold, otherwise it will 

be considered a random noise. 

  
Fig. 2 Time Series profile of SNR 

 

Absolute measure of signal strength i.e. received 

signal power, which is measured in decibels, or 

dBm on a logarithmic scale. Basically, the closer to 

0 dBm means the better the signal is. Signal is more 

prominent than noise while SNR are to be 

considering low values. 

The signal to noise ratio displayed in dB for 

approximately 1 hour data span as shown in figure 

5. Frequency filled, i.e. The GSM, WCDMA, LTE 

bands are shown above 15dB and the unused 

frequency holes are shown below 0- 5dB. So we 

can set the threshold below 5 dB, and then we can 

approximate the right signal. We may set complex 

data thresholds for the data given. Threshold values 

are varying from -10 dB to +5dB according to the 

signal power and frequency levels. 

V. ELIMINATE OUTLIERS USING SNR 

THRESHOLD 

 
Fig. 3. Received Signal & Noise Relationship (outliers) 

 

The average Received Signal plot and the 

average Signal to Noise Ratio (SNR) plot 

relationship give some indication of the SNR 

threshold and the identification of a weak signal can 

be seen here. 
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Outliers can have several reasons, such as: 

calculation/measurements error, input error, data 

corruption, real outlier discovery. The detection 

performance of an energy detector used for 

spectrum sensing in cognitive radio networks is 

investigated under such very low signal-to-noise 

ratio (SNR) levels. Generally, the SNR is defined as 

the ratio of signal power to the noise power, often 

expressed in decibels. A ratio greater than 1:1 

(greater than 0 dB) implies more signal than noise. 

When we used to pick 3.5dB as SNR threshold, 

further outliers will be eliminated and performance 

will also be accurate. With datasets and noise 

values found at various sites, the SNR threshold 

often varies. 

When energy from the received 

transmission is more than the detection threshold, 

ERx  >  εth                                        (1) 

ERx  is Received Signal Energy  

εth is applies Threshold Values 

This illustrates both the real existence associated 

with PU expressed as H1 and vice versa. If ERx is 

less than εth, it is deemed absent as the primary 

customer (PU), represented as H0. Or else, the key 

consumer is displayed, represented as H1. For 

various spectrum bands, the different SNR 

threshold values are observed. So the SNR 

threshold will separate the signal and the noise.  

If the signal intensity obtained is higher, it 

means that the signal or primary consumer (PU) is 

present and that it will specifically affect the 

spectrum occupancy. Signal intensity is less than 

threshold value, means the PU is lacking and 

secondary users (SU) will be assigned such gaps. 

One more relevant thing is that low data quality 

often produces more noise. So the threshold of the 

SNR will separate out the signal from the noise. 

VI. SIMULATION RESULT 

Numerical findings are discussed in this segment 

to validate the efficacy of our proposed SNR 

detection algorithms. We found here every 

frequency or band of frequency gives a different 

SNR threshold values. Those values of SNR 

threshold are tabulated in Table 2. 
 

TABLE. 2 

DETECTION OF THRESHOLD FOR DIFFERENT BAND 

Band Frequency Span 
Decision 

threshold (dBm) 

1 700-806 MHz -92.112 

2 806-890 MHz -92.180 

3 890-960 MHz -92.198 

4 960-1429 MHz -92.186 

5 1429-1525 MHz -92.182 

6 1525-1710 MHz -92.182 

7 1710-1880 MHz -94.208 

8 1880-2400 MHz -97.201 

9 2400-2700 MHz -98.351 
 

With reference to the frequency span of the 

measurement sample, the average received signal 

power variability above the threshold is shown in 

the fig4. Because of the SNR threshold detection, it 

is quickly seen that the outliers are eliminated and 

signal and noise are both isolated. The averaged 

profile over a band of 700MHz to 2.7 GHz is 

plotted after applied SNR threshold values to each 

band. These are important steps for the estimation 

of spectrum occupancy and prediction using various 

machine learning algorithms. 

 
 

VII. CONCLUSIONS AND FUTURE SCOPE 

In this study, a new threshold model is proposed 

to improve the precision of spectrum sensing in 

cognitive radio networks. Detection of outlier and 

cleaning data is achieved with good extend using 

low SNR threshold. The proposed sensing scheme 

significantly enhanced the detection efficiency of 

energy detection under low SNR conditions.  

In future experiments, we plan to extend and 

validate the efficiency of the proposed algorithm to 

various spectrum sensing methods. We would also 

concentrate on accuracy of frequency occupancy 

and spectrum prediction using machine learning 

algorithms. 
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