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Abstract— In a communication system spectrum band has a 

crucial role. Spectrum band can efficiently use by cognitive 

radio because of its ability to sense surrounding environment. 

Cognitive radio sense vacant holes or unoccupied spectrum 

band by detecting the primary users’ presence or absence in 

the spectrum. Also, prevent interference between signals. 

Using more than one cognitive radio in the detection process 

will increase the efficiency of spectrum usage. Conventional 

cooperative spectrum sensing detects signal for high SNR 

value but using machine learning techniques detection of 

signal occur under low SNR also increase efficiency and 

detection performance. The aim of is to classify signal and 

noise using Machine learning method for Cognitive Radio. 

Used machine learning technique for cooperative spectrum 

sensing method in cognitive radio based on the fuzzy 

membership functions and Fusion center (FC). At Fusion 

Center information combines from each the secondary users 

and using some fuzzy rules such as algebraic product, 

algebraic sum gives a final decision about the 

absence/presence of a primary user. Proposed System 

designed using multiple parameters. The Fuzzy Logic system 

gives much better results compared to the Referred system 

also Detection of signal occurs at low SNR condition. 
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I. INTRODUCTION 

Rapid growth in wireless communication which demands 

higher data rate leads to a spectrum shortage for both licensed 

users and unlicensed users. So, in that case, CRs especially 

aimed at improving the utilization of the electromagnetic 

spectrum. 

 Cognitive Radio help to detect the unused spectrum 

by the primary user so that the spectrum band can utilize by 

other unlicensed users for the efficiency of the spectrum. So 

it is important to detect the transmission of primary user in 

spectrum band the processing of searching unused spectrum 

is one of the primary processes of CR So sensing the 

environment by discovering vacant holes in the spectrum and 

utilizing that band without damaging primary user and when 

the primary user starts their transmission immediately vacant 

the frequency spectrum[1]. 

 In order to improve sensing and output accuracy also 

reducing problems like interference, shadowing fading and 

hidden node problem group of CRs used to sense the presence 

or absence of primary user transmission in the spectrum for 

that Cooperative Spectrum sensing technique is used [2]. 

 In centralized Cooperative Spectrum sensing more 

than one CRs are present mainly using energy detection 

method for local sensing process after sensing results are sent 

to the fusion center. In the fusion center, all decision occur it 

analyze the information and determine the presence or 

absence of a primary user in the band so that it can or cannot 

use spectrum. 

 Sensing the final result depends on the soft and hard 

combination in this paper mainly we concentrate on the hard 

combination which has quantized sensing data, limited 

bandwidth and one-bit decision are used from local sensing 

for a final decision [3]. 

 The machine learning based spectrum sensing 

techniques are able to completely learning the surroundings. 

In this paper, we mainly apply the fuzzy logic rule to get a 

final decision at the fusion center it maps each value between 

0 to 1 using membership function and applies the hard 

combination fuzzy rule to get the final result. 

II. SPECTRUM SENSING MODEL 

Spectrum sensing is the most important process performed by 

CR. It allows the secondary user to sense the environment by 

detecting the transmission of the primary user so that it 

occupied frequency band. 

Sensing process depends on two hypotheses 

p (t) =c (t)                H0  (spectrum is empty) 

p (t) = g (t) + c (t)   H1  (spectrum is occupied) 

Where, 

p (t) -- received signal at CR 

g (t) – transmitted signal from the PU 

c (t) – noise signal at AWGN 

H0: Absence of primary user 

H1: Presence of primary user 

 Detector output or energy (E) is compared to a 

threshold (𝝺) in order to make sensing about the presence or 

absence of pa rimary user 

If  E >𝝺        H1 hypothesis 

E<𝝺         H0 hypothesis 

 
Fig. 1: Spectrum Sensing Model 

 Mainly Energy detection method is used for 

spectrum sensing because it has long computation and 

execution complexity depending on information like 

frequency and bandwidth of the signal. It uses FFT 

implementation and output is sampled and squared this output 

is compared with threshold FFT provides size and narrow 

bandwidth. 

 
Fig. 2: Energy Detection Technique 

 Spectrum sensing does not require high processing 

time but error occur due to interference, shadowing, fading 

and hidden node problem so to overcome that we switch to 

cooperative spectrum sensing. 

III. COOPERATIVE SPECTRUM SENSING 

Cooperative spectrum sensing means more than one 

Cognitive radio pass the sensing information which is 
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received. Depending on received information we can evaluate 

spectrum usage over the particular bandwidth where 

Cognitive radios are present. This provides a more accurate 

spectrum sensing on specified given bandwidth area where 

the Secondary users present. Cooperative spectrum sensing 

helps in the research of CR and improves sensing 

performance. 

 
Fig. 3: Cooperative Spectrum Sensing 

IV. PROPOSED COOPERATIVE SPECTRUM SENSING SYSTEM 

In this proposed system more than one cognitive radio and 

single primary user considered. Primary user signal is 

received by all the cognitive radios. Using energy detection 

method at each cognitive radio calculate energy value with 

respect to path difference between primary user and cognitive 

radio and that energy value is compared to a calculated 

threshold value. If energy value is greater than the threshold 

than the decision is given as a signal present. Energy 

detection method has an SNR threshold below which it will 

not work properly so detect signal at low SNR we go further 

for the fuzzy logic method. Energy values which are less than 

the threshold in energy detection that values are sent to the 

fusion Centre where fuzzy logic technique is applied to get 

better detection. 

 At first energy, values are converted into 

membership functions to apply fuzzy rules [9]. 

𝜌𝑖 = 𝑄(
(𝑍𝑖−𝑁)

2√𝑁
)                                (4.1) 

Where Zi – Energy values at H0 hypothesis 

N – Number of Samples 

ρi – Fuzzy membership functions 

 All the membership values are sent to the Fusion 

center using the noiseless channel. At Fusion center fuzzy 

rules are applied to membership functions to produces global 

membership function (ρfc). Decision threshold (TFC) is 

calculated using the false alarm rate and a number of samples. 

 

 
Fig. 4: Cooperative Spectrum Sensing using the Fuzzy 

System 

Mainly Hard combination Fuzzy rules used which include [9] 

 Intersection rule 

𝜌𝑓𝑐 = min (𝜌1, 𝜌2, 𝜌3, 𝜌4 … … . . 𝜌𝑚)              (4.2) 

 Union rule 

𝜌𝑓𝑐 = max(𝜌1, 𝜌2, 𝜌3, 𝜌4 … … . . 𝜌𝑚)               (4.3) 

 Algebraic product rule 

ρ f c   = ∏ 𝜌𝑖
𝑁
𝑖=0                                   (4.4) 

 Algebraic sum rule 

ρ f c    = 1 − ∏ (1 − 𝜌𝑖)                         𝑁
𝑖=0 (4.5) 

 Compare 𝜌𝑓𝑐(Global membership function) with 

decision Threshold for Final result about the presence or 

absence of signal. 

 Mainly detection performance is calculated using the 

probability of detection and probability of false alarm rate so 

then we can decide how well cognitive radio can detect the 

presence of the primary user. Higher the probability of 

detection indicates high detection performance. 

 In this paper mainly, detection performance is 

calculated using the fuzzy logic method at low SNR condition 

and compared with referred cooperative spectrum sensing 

scheme using fuzzy logic. Obtained simulation results much 

better compared to the referred system [9] because considered 

primary user signal. 

V. SIMULATION RESULTS 

In simulation results are obtained using MATLAB 2016a. 

Here mainly simulation results compared to the referred 

fuzzy logic system. Here Amplitude modulation signal is 

considered as primary user signal. For all the results number 

of samples considered is 200 at SNR -10dB with 10 cognitive 

radios. 

 Referred Cooperative Spectrum sensing using 

Fuzzy Logic[9] Graph comparing all the fuzzy fusion rules of 

hard combinations such as Union rule, Intersection Rule, 

Algebraic Sum Rule, and Algebraic Product Rule at -10dB 

SNR values using 200 number of Samples with Proposed 

CSS scheme using the fuzzy logic technique 
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Fig. 5: Comparison Graph of Fuzzy Logic Cooperative 

Spectrum Sensing Scheme 

 ROC curve simulated under AWGN channel for 

Referred and Proposed CSS scheme using the Fuzzy Logic 

technique at -10dB SNR of 10 Secondary Users using 200 

number of Samples. In which proposed system results gives 

better detection performance. 

 
Fig. 6.  PMD Vs PFA Graph Comparison of the Fuzzy 

Logic Method 

 Pmd vs Pfa graph simulated under AWGN channel 

for Referred and Proposed CSS scheme using the Fuzzy 

Logic technique at -10dB SNR of 10 Secondary Users using 

200 number of Samples. In which proposed system results 

gives miss detection very less compare to the referred fuzzy 

logic system. 

 Comparison graph mainly shows that Detection 

Performance of Fuzzy fusion rules like Algebraic product and 

algebraic sum much better compare to Detection performance 

of the   Referred Fuzzy Logic CSS scheme. 98% Detection 

Performance obtained using Fuzzy Logic Method also miss 

detection of signal very less compare to referred Method. 

VI. CONCLUSION 

In this paper, cooperative spectrum sensing using fuzzy logic 

machine learning technique compared. Using Energy values, 

we calculated fuzzy membership function for detection of the 

single primary user present in the frequency band. Mainly 

using the fuzzy logic method, we can detect at low SNR 

condition which cannot be detected by energy detection 

method. Hard combination rules are applied to detect signal 

which gives much better detection. The probability of 

detection is much better compared to the referred fuzzy logic 

system. The Fuzzy Logic method is complex to implement 

but it gives a much better performance at low SNR condition 

and also gives 98% of detection performance. But as 

disadvantage computational time is much high compared to 

another method. 
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