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Abstract:  In recent years, a lot of interest has been shown in cognitive radio as a potentially useful method for 

dynamic spectrum allocation. One useful technique for optimizing the utilization of spectrum resources is cognitive 

radio (CR). A key component in locating open channels for CR use is spectrum sensing. One of the fundamental 

roles of the cognitive radio is spectrum sensing, which is essential to all other roles. Because of their extreme 

flexibility, software-defined radios, or SDRs, are being used more often to deploy CR in place of more costly 

spectrum analyzers. This work provides a thorough explanation of the wide-band sensing technology, as well as a 

real-time swept spectrum sensing solution and energy detection idea. Lastly, FFT graphs are used to analyze the 

suggested sensing solution's performance. The findings demonstrated that the suggested sensing method could 

achieve excellent resolution in the wide band measured frequency domain, suggesting that wide bands with 

heterogeneous signals may be accurately resolved and analyzed. In this paper, we successfully developed and 

implemented a cognitive radio-based communication system. It is inevitable that the spectrum access policy will be 

changed in light of the growing demand for radio spectrum and the inadequate usage of the allowed bands. As the 

signal-to-noise ratio increases, the probability of missed detection PMD and false alarm PFA decreases and the 

probability of detection PD increases. 

Index Terms: Cognitive radio, Spectrum sensing, primary users, Secondary Users, spectrum hole, energy detection. 

I. Introduction 

The Federal Communication Commission (FCC) 

survey on spectrum has revealed that improper use of 

the licensed spectrum occurs at different times, 

frequencies, and geographical regions [1]. The 

increased number of wireless applications is also 

driving up demand for allocating and using radio 

frequency spectrum [2]. When a licensed user is not 

present, a secondary user or an unlicensed user may 

use this band. In an effort to promote efficient 

spectrum utilization, the notion of cognitive radio 

(CR) has been put forth [3]. The principles of CR are 

covered, along with the difficulties of dynamic 

spectrum sharing and allocation in CR [4]. When 

permitted users are not using certain frequency 

channels, CR permits opportunistic use of such 

frequencies. Hence, in order to identify open 

spectrum bands, CR depends on effective spectrum 

sensing. In order to handle various kinds of signal 

processing, the deployment of new wireless devices 

and applications has also led to an increase in the cost 

of hardware infrastructure. Reconfigurable hardware 

platforms are therefore needed for this. The best way 

to address these issues is via SDR platforms. SDR in 

conjunction with GNU radio offers an affordable and 

adaptable platform. To match the capabilities of 

solely hardware solutions while delivering 

intelligence that software can provide is a significant 

problem for software defined radios. discusses the 

use of Universal Software Radio Peripheral (USRP) 

and GNU radio to construct software-based wireless 

transmission systems, or software defined radios [5-

8].  
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CR is able to adjust its operational parameters to best 

suit the trade-offs of the surrounding radio 

environment. When a part of the frequency band is 

not in use by the primary users (licensed users), it is 

known as spectrum white space. CR can identify this 

space and use it for secondary user (SU) 

transmission[9]. However, CR can utilize spectrum 

sensing to identify licensed users when they re-use 

the spectrum and can pause transmissions created by 

secondary users.  

Furthermore, by identifying and using the unutilized 

frequency band, CR may coexist with existing radio 

systems, maximizing spectrum use without 

negatively affecting main users (PU). Thus, there are 

primarily two kinds of users in CR. The first is PU, 

who is authorized to use the designated frequency 

band; the second is SU, who is not authorized to use 

the designated frequency band but is permitted to use 

it if it becomes available. The SU must leave the 

frequency band and search another open frequency 

band as soon as the PU or licensed user returns to it. 

Spectrum sensing is required by SU in order to 

determine if a given frequency band is in use or not. 

Sensing is therefore one of a CR's primary features, 

meaning that a CR has to be able to recognize the 

unoccupied spectrum band[10-12].  

SDR and CR competencies are integrated. By 

employing a clever approach that uses GNU radio to 

automatically adjust radio parameters and sense the 

spectrum, SDR improves the usefulness of CR.For 

spectrum sensing, a variety of detection techniques 

are available. Considerable research is done on 

spectrum sensing for CR-based systems [13]. Energy 

detection is a preferred method for spectrum sensing 

in CR because of its adaptability and ease of use.Due 

to its set threshold design, the classic energy 

detection technique [14] is susceptible to noise 

uncertainty, which is an inevitable occurrence in real-

world scenarios. Therefore, for the best CR 

performance, an effective energy detector is 

suggested in this study. The threshold of the energy-

based sensing approach is determined by measuring 

certain parameters in the suggested system, which is 

then utilized to an actual scenario. The goal of 

calculating thresholds is to reduce the likelihood of 

false alarms (PFA) and increase the likelihood of 

detections (PD). Based on theoretical analysis and 

simulation results, the suggested technique is more 

efficient than the conventional energy detection 

approach while requiring less complexity 

increase[15-16].  

Spectrum sensing in CR is now the focus of most 

study, however theoretical detection techniques are 

insufficient. As covered in [17], SDR is a crucial and 

practical foundational technology for the context-

aware, adaptive, and learning radio units, or CRs, of 

the future. Software-based signal processing and the 

necessary hardware components must be combined 

for SDR to function.[18] presents an overview of the 

requirements for these platforms, as well as the state 

of development and future directions in this field.  

 
Figure1 spectrum sensing structure in a cognitive radio network 

To test and verify the CR's performances, a hardware 

test platform is needed. The solution to this issue is to 

use SDR's emerging technology, which offers cost-

effectiveness and ease of implementation by 

substituting software for hardware. SDR offers a 

number of advantages, including quicker execution 

times and adaptability to new demands. To assist 

with unique research initiatives, a multitude of 

experimental SDR platforms are available [19]. One 

of the most well-liked and intriguing software 

platforms for radio networks is GNU radio [20], 

which Blossom launched. It is a free software toolkit 

that works with SDR kits to build software radios 

[21]. The GNU license allows unrestricted use of 
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GNU radio components in research projects, and the 

entire GNU radio project is available under it. This 

GNU radio project includes a big library of functions 

for the SDR system developed in Python and C++ as 

well as a library of numerous fundamental parts for 

creating basic DAB radio receiver functions. 

Moreover, GNU radio is made to function with a 

low-cost piece of hardware. The modulation system 

known as Gaussian Minimum Shift Keying (GMSK) 

has shown to be successful in wireless scenarios. 

Maximum Shift Keying (MSK), which substitutes a 

sinusoidal pulse for the rectangular pulse, is the 

source of GMSK. This technique will shape pulses 

using a Gaussian filter. An advantage of a Gaussian-

shaped impulse response filter is that, in comparison 

to a rectangular pulse, it produces a signal with lower 

side lobes and a narrower main lobe. This modulation 

technique is known as GMSK modulation because it 

shapes pulses using a Gaussian filter[22,23]. 

II. Methodology 

 
Figure 2: Overall system block diagram. 

 

Figure 2 displays a block schematic of the CR-

GMSK system that is the subject of this research. The 

cognitive engine is in charge of setting the radio and 

physical layer (PHY) parameters as well as making 

intelligent judgments.  The decision unit uses data 

from the policy engine, local and network spectrum 

sensing, and other sources to identify the 

transmission opportunities. Regarding the PHY layer, 

CR can interact with a range of radio-access 

technologies in the surrounding environment or, 

depending on the conditions, can enhance 

communication quality by adjusting the GMSK 

system and SDR interface's configuration parameters. 

Take note that just one carrier frequency is used for 

spectrum sensing and detection. 

 

 

 

III. Design Procedures 

Figure 3 displays the total transmitter and receiver 

block diagram for energy-based spectrum sensing. A 

real-time signal modulated by GMSK is the system's 

input. It is processed using GNU radio tools and 

programming written in the Python 

language. Following this processing, an SDR-LAB 

device is used to transmit it wirelessly. The 

transmitted frequency is set on the receiver. A second 

SDR-LAB transceiver used for modeling and 

simulation in engineering receives the sent signal. It 

then transfers the incoming data to GNU radio 

software, which consists of two components: energy-

based spectrum sensing and GMSK demodulation, 

which are utilized to detect signals. This provides the 

signal to noise ratio and detection output (SNR) 

computations. 
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Figure 3a: block diagram transmitter for energy based spectrum sensing 

 
Figure 3b: block diagram receiver for energy based spectrum sensing. 

The straightforward spectrum sensing technique is 

energy detection as it's simple to utilize and doesn't 

require any prior understanding of the main signal. 

Assume for the moment that the received signal fits 

the following hypothesis model[25]: 

𝑆(𝑖) = {
 𝑛(𝑖),                                      𝐻0
 𝑦(𝑖) + 𝑛(𝑖),                         𝐻1 

                                                                     (1) 

Where the signals received at CR nodes, the signals 

transmitted at main nodes, and the white noise 

samples are denoted by the variables S(i), y(i), and 

n(i), respectively. We use the two aforementioned 

theories to determine whether or not the signal is 

present. It is assumed that the n(i) noise is a random 

process and is additive white Gaussian noise 

(AWGN) with zero mean. The ratio of signal to noise 

is 

𝑆𝑁𝑅 =
𝐺𝑝𝑜𝑤𝑒𝑟
𝐼𝑝𝑜𝑤𝑒𝑟

                                                                                                        (2) 

  

where Ipower is the noise power and Gpower is the signal 

power.  

Assuming complete deterministic ignorance of the 

signal y(i), the energy detection algorithm operates in 

a semiblind manner. Assume for the moment that all 

we know about the signal is its average power. The 

correlation detector is the best type of detector [14]. 

The model of decision-making is 

𝑍(𝑖) =

{
 
 

 
 1

𝑀
 ∑𝑆(𝑖)𝑦(𝑖)

𝑖−1

𝑖=0

     < 𝜆             𝐻0

 
1

𝑀
∑𝑆(𝑖)𝑦(𝑖)

𝑖−1

𝑖=0

   > 𝜆             𝐻1 

                                                                     (3) 

Where 𝜆 is the threshold and Z(i) is the decision 

variable. The following approximation can be made 

using the Central Limit Theorem if the noise variance 

is fully understood. 

𝑍(
𝑖

𝐻0
) = 𝑈( € 

2  2€ 
4

𝑀
 )                                                                                                       

𝑍(
𝑖

𝐻1
) = 𝑈(A +  € 

2  2(𝐴 +  € 
2
)2

𝑀
  )                                                                                            (4) 
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Where M is the number of samples, A is the average 

signal strength, and  € 
2
 is the noise variance.A 

symbol for approximation is 𝑈().  

By comparing the detection statistics with a 

predefined threshold (𝜆), the occupancy of the 

spectrum is decided. The two probabilities that are 

used to describe the detector's performance are PFA 

(the probability of false alarm) and PD (the 

probability of detection). The probability that the test 

determines 𝐻1 when it is actually 𝐻0 is indicated by 

𝑃FA. 

 PFA =   Pr(𝑍 >  𝜆 | H0) .                                                                                                (5) 

PD denotes the likelihood that the test will correctly determine H1, which is determined by 

PD =   Pr(𝑍 >  𝜆 | H1) .                                                                                                     (6) 

The noise term can be obtained from (3) and (4) if it 

is considered to be a circularly symmetric complex 

Gaussian and the probability density function of PM is 

approximated using the Gaussian distribution 

approximation. 

PFA = F( 
𝜆 − 2𝑀

√4𝑀
 )                                                                                                              (7) 

 

PD = F( 
𝜆 − 2𝑀(𝑆𝑁𝑅 + 1)

√4𝑀(2𝑆𝑁𝑅 + 1)
 )                                                                                             (8) 

Where F( ) and SNR stand for the F-function and the 

signal-to-noise ratio, respectively. Choosing between 

the two hypotheses with sufficient reliability to 

obtain high PD for effective PU protection and low 

PFA for SU access is a challenge in local spectrum 

sensing. 

A good detector should maximize the efficiency of 

spectrum consumption or guarantee a high detection 

probability (PD) and a low false alarm (PFA). The 

development of many methodologies can enhance the 

efficiency of spectrum sensing based on energy 

detectors. 

An effective energy detector is proposed, in which 

the threshold for this system is determined by 

measuring certain parameters under real-world 

conditions. 

The decision variable is obtained from the output of 

an integrator, which comes after a squaring device in 

the design of this energy detecting system. The 

output of the detector indicates the presence of a PU 

if this variable is above the predetermined threshold 

after it has been compared to it. An energy detector 

compares the energy of the input data stream with a 

threshold that is defined based on the noise floor. A 

band pass filter is used to select the necessary 

bandwidth from the input signal before sampling it. 

The Fast Fourier Transform (FFT) is used in the 

digital implementation of this approach, which 

squares and integrates the absolute value of the 

samples over the observation band. Ultimately, the 

presence or absence of the primary user can be 

determined by comparing the integrator's output to 

the threshold. Figure 4 shows the block diagram for 

this technique. 

 
Figure 4 Block diagram of an energy detector 
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Figure 5 GNU Radio Companion (GRC) implementing the energy detection method with FFT. 

Data reduction and display of the measured band X 

require additional processing. A spectrogram that 

accounts for the measurement period or a single 

sweep spectrum plot are the two ways in which the 

measured band is displayed. To create a clean FFT 

frame for each windowed block, the FFT samples are 

averaged over several FFT frames that are gathered 

for a center frequency. The spectrogram data is then 

created using the final FFT findings from each block, 

along with the measurement timeframe. Operating 

the spectrum analyzer requires a few parameters.The 

bandwidth that has to be measured is represented by 

the span and center frequency. It can also be stated as 

the frequency of start and stop. To create a clean 

trace, the VBW modifies the smoothness of the trace 

of the measured samples in the same way that each 

measured block is averaged.  

IV. Discussion and Analysis of Results 

The output of signal detection from an energy-based 

spectrum sensing block is a flag known as the 

detection output. When a signal is present, its energy 

surpasses the threshold and the detected output equals 

one. However, the signal's energy falls below the 

threshold and the observed output is zero if the 

signal's transmission stops. In this case, signal is the 

main user. This demonstrates the effective usage of 

an energy-based detector that sets the detection 

output to detect the presence of the primary user on a 

specified frequency. Scope plots and Fast Fourier 

Transforms (FFT) are used to view the signals at each 

point. 

In Figure 6, power transfer is displayed. The sensing 

data on the receiving end. We may view received 

signals in GNU Radio by using the FFT sink block. 

Additionally, the signal processed at the SU is saved 

in a data file that is integrated into the Detect upload 

block. We then utilized MATLAB to analyze the data 

file. The likelihood of detection in relation to the 

quantity of sensing samples is displayed in Figure 7. 

It demonstrates that the energy detector performs 

better when increasing SNR. The likelihood of 

detection and false alarm based on SNR is displayed 

in Figure 8. The performance in terms of detection 

probability and false alarm probability improves 

significantly with increasing SNR. 
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Figure 6a Comparison on spectra for power transmitted at 1x𝟏𝟎𝟓Hz 

 
Figure 6b Comparison on spectra for power transmitted  
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Figure 7 a-Relation between PD and SNR      b- Relation between PD and Threshold at SNR=-10dB 

 

  

 

 

 

 

 

 

 

Figure 8 Relation between PD and  PFA at SNR=-15:1:5 

VII. Conclusion 

An unique GNU radio method has been developed 

and deployed on software defined radios platform to 

detect transmitted signal by energy-based spectrum 

sensing of cognitive radio. Averaging blocks are used 

to successfully implement an energy detector, and the 

transmitted signal is modulated using GMSK. To 

sum up, a substantial number of theoretical and 

algorithmic results for energy detector have been 

created by this effort; also, the software defined 

radios implementation in conjunction with GNU 

radio provides a set of tools that enable the 

development of a practical cognitive radio system 

with real-time spectrum sensing capabilities. Thus, 

we have created and executed a cognitive radio based 

communication system with success. Given the 

increasing demand for radio spectrum and the poor 

use of the permitted bands, a reform in the spectrum 

access policy becomes inevitable. The likelihood of 

missed detection PMD and false alarm PFA declines 

and the likelihood of detection PD improves as the 

signal-to-noise ratio rises. 

Funding No funding was received to assist with the 

preparation of this manuscript. 

Data availability No Availability Data in this 

research paper 

References 

[1] D. D.Ariananda, M. K. Lakshmanan, 

H.Nikookar, “A Survey on Spectrum Sensing 

techniques for Cognitive Radio”, Wireless 

VITAE'09, Aalborg, Denmark, pp. 74-79, 2009. 

[2] R. Indrakanti, E. Elias “Low complexity 

spectrum sensing technique for cognitive radio 

using Farrow Structure DigitalFilters”, Eng Sci 

Technol Int J 22(1), pp. 131–142, 2019. 

[3] S. R. M. González, R. T. R. Márquez, 

“About Cognitive Radio Access Models”, 



International Journal of Intelligent Systems and Applications in Engineering                   IJISAE, 2024, 12(23s), 1907 - 1915  |  1915 

European Journal of Engineering and Technology 

Research, 7(3), 7-10, 2022. 

[4] C. Vlădeanu, A. Marţian, D. C. Popescu, 

“Spectrum Sensing With Energy Detection in 

Multiple Alternating Time Slots”, IEEE Access, 10, 

38565-38574, 2022. 

[5] G. Alnwaimi, H. Boujemaa, “Enhanced 

spectrum sensing using a combination of energy 

detector, matched filter and cyclic prefix”, Digital 

Communications and Networks Published by 

Elsevier Ltd 6(4), 2019. 

[6]  C. V. Nastase, A. Marrian, C. Vladeanu, I. 

Marghescu, “Spectrum Sensing based on Energy 

Detection Algorithms using GNU Radio and USRP 

for Cognitive Radio”,  IEEE, 2018. 

[7] V. Valenta, R. Maršálek, Baudoin, G. 

Villegas, M. M. Suarez, F. Robert, “Survey on 

spectrum utilization in Europe: Measurements, 

analyses and observations”, In 2010 Proceedings of 

the fifth international conference on cognitive radio 

oriented wireless networks and 

communications (pp. 1-5). IEEE, June 2010. 

[8] S.H. Mousa, M. Ismail, R. Nordin, N.F. 

Abdullah, “Effective Wide Spectrum Sharing 

Techniques Relying on CR Technology toward 5G: 

A Survey”, J. Commun., 15, 122–147, 2020. 

[9] M. Khasawneh, A. Azab, A. Agarwal, 

“Towards securing routing based on nodes 

behavior during spectrum sensing in cognitive 

radio networks”, IEEE Access, 8, 171512-171527, 

2020. 

[10] Ahmed M. Elkhateeb, Hassan, A.M.A. & R. 

A. A. Seoud, “Performance evaluation of cognitive 

radio to limit interference on primary 

system”, SIViP (2024). 

https://doi.org/10.1007/s11760-024-03555-w 

[11] L. Claudino1, T. Abrao, “Spectrum sensing 

methods for cognitive radio networks: a review”, 

Wireless Personal Communications: pp 5003–

5037, 2017. 

[12] M. Ayad Saad, S. T. Mustafa,  M. H. Ali, M. 

M. Hashim, M.B. Ismail, A. H. Ali, “Spectrum 

sensing and energy detection in cognitive 

networks”, Indones J Electr Eng Comput Sci 

17(1):465–472, 2020. 

[13] V.  Amrutha, K. V. Karthikeyan, “Spectrum 

sensing methodologies in cognitive radio networks: 

A survey”, Proceedings of IEEE International 

Conference on Innovations in Electrical & 

Electronics, 306–310, 2017. 

[14] X. Liu, M. Guan ,  X. Zhang, H. Ding, 

“Spectrum sensing optimization in an UAV-based 

cognitive radio”,  IEEE Access, 6, 44002-44009, 

2018. 

[15] I. Develi, “Spectrum sensing in cognitive 

radio networks: threshold optimization and 

analysis”, EURASIP Journal on Wireless 

Communications and Networking, pp.1-19, 2020. 

[16] Y. Arjoune, E.Z. Mrabet, E.H. Ghazi, A. 

Tamtaoui, “Spectrum sensing: Enhanced energy 

detection technique based on noise measurement”, 

in 2018 IEEE 8th Annual Computing and 

Communication Workshop and Conference 

(CCWC), pp. 828–834, 10 January 2018. 

[17] K.V. Pappu, K.S. Sanjay, J. Priyanka, 

“Performance evolution of ED-based spectrum 

sensing in CR over Nakagamim/ shadowed fading 

channel with MRC reception”, Int. J. Electron. 

Commun. AUE 83, 512–518, 2018. 

[18] O. Ahmed, A. Salam, E. Ray, R. Saleh, A.  

Araji, K. Mezher, Q.  Nasir, “Adaptive threshold 

and optimal frame duration for multitaper spectrum 

sensing in cognitive radio”, Sci Direct ICT Express 

5(1):31–36, 2019. 

[19]  Y. Arjoune, Z. E. Mrabet, H. E. Ghazi, A. 

Tamtaoui, “Spectrum Sensing: Enhanced Energy 

Detection Technique Based on Noise 

Measurement”, Elec Eng Syst Sci 1–6, 2018. 

[20] V. Balaji, P. Kabra, P. V. P. K. Saieesh, C. 

Hota, G. Raghurama, “Cooperative spectrum 

sensing in cognitive radios using perceptron 

learning for IEEE 802.22 WRAN”, Elsevier 

Eleventh International Multi-Conference on 

Information Processing 14–23, 2015. 

[21] X. Song, J. Li, J. Liu, Y. Li, G. Ding, 

“Spectrum Sensing of Noncooperative Beam 

Signals”, Wireless Communications and Mobile 

Computing, 2022. 

[22] Z. Idrees, M. Usman, H. E. Gelani, L. 

Zheng, “Fast and robust spectrum sensing for 

cognitive radio enabled IoT”, IEEE Access, 9, 

165996-166007, 2021. 

[23] S. Atapattu, C. Tellambura, H. Jiang, 

“Energy detection based cooperative spectrum 

sensing in cognitive radio Networks”,  IEEE Trans 

Wirel Commun 10(4):1234–1241, 2011. 

 


