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Abstract— One of the emerging areas in the field of next generation wireless network is theCognitive Radio Network 
(CRN). The traditional spectrum access approach leads to vast underutilization of the radio spectrum assigned to primary 
(licensed) users. The dynamic spectrum access is the most suitable approach to achieve finest spectrum utilization. The 
dynamic spectrum access technique allows the secondary (unlicensed) users to sense and use the available spectrum 
opportunistically, hence also known as opportunistic spectrum access. In this paper, an approach using a Sugeno type Fuzzy 
LogicSystem (FLS) to control the spectrum access has been proposed. Three parameters: spectrum utilization efficiency of 
the secondary user, its degree of mobility, and its distance to the primary userare used to describe the system. The output of 
the FLS gives the spectrum band accessing possibility for secondary users and the user with the highest possibility will be 
assigned the existing spectrum band. The Sugeno type FIS proposed in this work has been optimized using Particle Swarm 
Optimization (PSO) technique.The PSO optimized Sugeno FIS has also been compared favorably with Sugeno type FLS for 
dynamic spectrum access and with the Mamdani based FLS already reported in[1]. 
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I. INTRODUCTION 
 
Cognitive Radio Networks (CRNs), in wireless 
communication, is a new paradigm that focuses on 
increasing the spectrum utilization efficiency, as the 
spectrum is a limited resource [2]. It exploits the 
knowledge that it gains from its neighbors and 
through the acquired information, helps it in using the 
spectrum in an efficient manner. The key point is to 
make the cognitive radio capable, in sensing the 
spectrum orders so as to efficiently increase the 
utilization of spectrum.In this type of network, two 
classes of users such as Primary Users (PU) and 
Secondary Users (SU) are defined. The PUs are the 
high prioritized licensed user whereas the SUs are the 
opportunistic users. These SUs (or also sometimes 
called as cognitive radio users) are allocated with any 
part of the spectrum. As a result, interference will 
affect both PUs and other co-located SUs. In order to 
get rid of this situation a proper spectrum allocation 
mechanism needs to be framed. 
Dynamic spectrum access has been supported by 
cognitive radios (CRs). It can sense their 
surroundings and adapt their operation mode such 
that itmaximizes the QoS (Quality of Services) for 
secondary users while the interference to primary 
users is minimized. Hence, CRs must carry out 
spectrum sensing to identify spectrum holes which 
are frequency bands assigned to primary users, but, 
these bands are not being utilized by those users at a 
specific time and specific geographic location[3]. 
Manymethods on spectrum sensing havebeen 
proposed in [4], [5]. Once spectrum holes are 
identified, CRs opportunistically use these holes for 
communication without causing interference to 

primary users. Consider that a spectrum band is 
available for secondary users. What will happen, and 
which secondary user will be chosen to use the 
available band if many secondary users try to access 
the spectrum? Since these SU’shave the same rights 
to access the spectrum, they have to compete with 
each other in acollective and fair manner. This paper 
gives a more detail answer for these questions and 
proposes an approach using Fuzzy Logic System 
(FLS), an artificial intelligence system which is 
capable of making real time decisions, and decide the 
suitable secondary user which will use the available 
band. 
In [6], authors assumed that if two secondary users 
within each other’s distance use the same spectrum 
band, they would be unsuccessful to access spectrum. 
With this approach, some secondary users will lose 
their rights to compete for using spectrum and 
monitoring secondary users conflicting in using 
spectrum band is also a challenging issue. 
In the proposed approach, the rule-based FLS to 
assign the available spectrum to secondary users is 
used.To achieve these objectives, three parameters 
which are spectrum utilization efficiency of the 
secondary user, its degree of mobility, and its 
distance to the primary user are used. The linguistic 
knowledge of spectrum access based on these three 
descriptors is obtained from[1]. Twenty seven fuzzy 
rules are set up based on this linguistic knowledge. 
The output of the FLS givesthe possibility of each 
secondary user which will be assigned spectrum band 
and the user with the highest possibility will be 
assigned the accessible spectrum band. The FLS is 
further optimized using PSO optimization technique. 
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The rest of this paper is organized as follows. Section 
II briefly introducescognitive radios. The fuzzy logic 
system is introduced in Section III. Design of the 
Fuzzy Logic Systemis proposed in Section IV. 
Optimization of FLS is discussed in Section 
V.Section VI discusses the simulation results. 
Conclusions and future scope are presented in Section 
VI. 
 
II. COGNITIVE RADIO 
 
Cognitive Radios is the key technology that enables 
xG networks to use spectrum efficiently by allowing 
SU’s to sense and utilize available spectrum 
dynamically and opportunistically. 
 
Cognitive radios have two main characteristics [3]: 
Cognitive capability: It is the ability of CRsto sense 
information from their surroundings in order to figure 
out any spectrum holes. The most suitable portion 
will be selected for communication withoutcausing 
interference to other users. 
Reconfigurability: It enables CRs to be 
reprogrammed dynamically according to the real 
environment. This means that CRs can change the 
operating frequency, modulation scheme, 
transmission power, communication protocol, etc. on 
the fly without any modification of hardware 
components. 
The main functions of CRs are: 

•Spectrum sensing: It is active spectrum awareness 
process where CR observes its radio environment and 
geographical surroundings, sense usage statistics of 
other PUs and SUs and decides possible spectrum 
space holes. Spectrum sensing can be done by one 
CR, by multiple CR terminals or by independent 
sensing network exchanging information in a 
cooperative way which improves overall accuracy. 

• Spectrum decision: Based on spectrum sensing 
information CR selects when to start its operation, 
operating frequency and its corresponding technical 
parameters. CR primary objective is to transfer as 
much as possible information and to satisfy required 
quality of service, without causing excessive 
interference to the PUs. Additionally, CR may use 
data from regulatory database and policy database in 
order to improve its operation and outage statistics. 

• Spectrum sharing: Since there are a number of 
SUs participating in usage of available spectrum 
holes, cognitive radio has to achieve balance between 
its self-goal of transferring information in efficient 
way and altruistic goal to share the available 
resources with other cognitive and non-cognitive 
users. This is done with policy rules determining CR 
behavior in radio environment. 

• Spectrum mobility: If PU starts to operate, CR 
has to stop its operation or to vacate currently used 
radio spectrum and change radio frequency. In order 
to avoid interference to primary licensed user this 
function has to be performed in real time, therefore 

CR has to constantly investigate possible alternative 
spectrum holes. 
III. FUZZY LOGIC SYSTEMS 
 
After being mostly viewed as a controversial 
technology for two decades, fuzzy logic has finally 
been accepted as an emerging technology since the 
late 1980s. This is largely due to a wide array of 
successful applications ranging from consumer 
products, to industrial process control, to automotive 
applications [7]. Fuzzy logic is closer in spirit to 
human thinking and natural language than 
conventional logical systems [8]. Classical control 
theory is based on the mathematical models that 
describe the physical plant under consideration. The 
essence of fuzzy control is to build a model of human 
expert who is capable of controlling the plant without 
thinking in terms of mathematical model.Fuzzy 
systems are very useful in two general contexts: (1) in 
situations involving highly complex systems whose 
behaviors are not well understood, and (2) in 
situations where an approximate, but fast, solution is 
warranted [9]. 
Fig. 1 shows the basic structure of a fuzzy logic 
system (FLS). When an input is applied to a FLS, the 
system computes the output set corresponding to each 
rule. The defuzzifier then computes a crisp output 
from these rule output sets.  
 

 
Fig. 1: The structure of a Fuzzy Logic System 

 
IV. DESIGNING OF FLS 
 
Here, the fuzzy inference system to solve the 
opportunistic spectrum access problem in CR 
networks is designed. Expert knowledge for selecting 
the best suitable SU to access the available band is 
collected based on three antecedents such as spectrum 
utilization efficiency, degree of mobility and distance 
to the PU, with one consequent as spectrum access 
decision. Based on the knowledge of linguistic 
variables, 27 If-Then fuzzy rules are used to take the 
decision for opportunistic spectrum access [1]. In this 
work, using rule based fuzzy logic system, the above 
three parametersare combined to determine optimal 
solution to assign spectrum opportunistically. In radio 
environment, many users will access available 
spectrum and effectively utilize spectrum band in 
particular time duration.  Therefore, spectrum 
utilization efficiencyηs is introduced in the design. ηs 
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is defined as the ratio between the spectrum band 
which will be used by the SU and the available band, 

η = x100   (1) 
where, BWs and BWa are the spectrum band which 
will beused by the secondary and the available band, 
respectively. 

Mobility of the SU is the important aspects in the 
design. When the SU is moving at a velocity v m/s, it 
causes the doppler effect. 

f = 푓                           (2)  
where, fDis the doppler shift, 휃is the arrival angle of 
the received signal relative to the direction of motion, 
c is the wave velocity and fcis carrier frequency. 
Mobility can reduce capability of detecting signal 
from the PUs. If the SU is not capable of detecting 
the primary signal, it will incorrectly determine that 
the spectrum is unused; therefore leading to potential 
interference between the users.  
The third factor is the distance of the SU, because SU 
at a closer distance should be given priority to access 
spectrum, which depends upon the signal to noise 
ratio. Assume the primary user at the distance R from 
the secondary user transmits signal at powerP1 and 
the power gain between the primary user and 
secondaryuser, g(R), is a continuous, nonnegative, 
strictly decreasing function of R defined on the 
interval [0;1]. SNR at the secondary user,γ , is given 
by 

γ = 10푙표푔 ( )         (3) 

where, P1 is the transmit power of the PU and 휎 is 
noise power measured at the secondary user. From 
(3) we can derive the distance R between the PU and 
SU. 
In the proposed FIS, three antecedent propositions are 
expressed in three fuzzy partitions such as 
Low/Near,Moderate and High/Far. The consequence 
i.e. the possibility that the SU is chosen to access the 
spectrum is divided in to five levels which are Very 
Low, Low, Medium, High and VeryHigh. The 
trapezoidal and triangular membership functions are 
used to represents input and constant term are used 
(Sugeno type) to represent output parameters of 
decision making structure. The membership functions 
for the three descriptors are shown in Fig.2,3&4. 
Since there arethree antecedents and three fuzzy 
subsets, 27 rules are to be setup for this fuzzy system. 
The rule base obtained from [1] is shown in Table I. 

 
Fig. 2 Membership Function for Spectrum Utilization 

Efficiency 

 
Fig. 3. Membership Function for Degree of Mobility 

 

 
Fig. 4. Membership function for Distance to PU 

 
V. PSOOPTIMIZATION OF FLS 
 
Particle swarm optimization (PSO) is a population 
based optimization technique developed by Dr. 
Eberhart and Dr. Kennedy in 1995, inspired by social 
behavior of bird flocking or fish schooling [10]. 
The system is initialized with a population of random 
solutions and searches for optima by updating 
generations. In PSO, the potential solutions, called 
particles, fly through the problem space by following 
the current optimum particles. In past several years, 
PSO has been successfully applied in many research 
and application areas. It is demonstrated that PSO 
gets better results in a faster, cheaper way compared 
with other methods [11].  
Each particle keeps track of its coordinates in the 
problem space which are associated with the best 
solution (fitness) it has achieved so far and the fitness 
value is also stored. This value is called pbest. 
Another "best" value that is tracked by the particle 
swarm optimizer is the best value, obtained so far by 
any particle in the neighborhood of the particle. This 
location is called lbest. When a particle takes all the 
population as its topological neighbors, the best value 
is a global best and is called gbest. 
The particle swarm optimization concept consists of, 
at each time step, changing the velocity of 
(accelerating) each particle toward its pbest and lbest. 
Acceleration is weighted by a random term, with 
separate random numbers being generated for 
acceleration toward pbest and lbest locations. 
Position of the particle is influenced by velocity. Let 
xi(t) denote the position of particle i  in the search 
space at time step t ; unless otherwise stated, t 
denotes discrete time steps. The position of the 
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particle is changed by adding a velocity, vi(t) to the 
current position [12].  

x (t + 1) = x (t) + v (t + 1)                        (4)  
 
Where 
v (t) = w ∗ v (t − 1) + c r (lbest(t) − x (t − 1) 
+c r (gbest(t) − x (t − 1) (5) 
 

With x (0)in the range of x ,x , acceleration 
coefficient  c and c  , inertia weight parameter w and 
random vector r   and r . 
Particle swarms are used to determine the optimal 
input membership functions. The particles for the 
input membership functions (MFs) are shown in Fig. 
4.2, where X1, X2, X3 corresponds to the three 
inputs. 
For a swarm Xi in a population U having N members 
(where i∈ [1,N]), the particles are arranged as, 

Xi = [x1, x2, x3]                             (6) 
The initial velocity and position of each particle was 
randomly generated. 
The goal of the system is to maximize the output, i.e 
to increase the probability of detection. The fitness of 
each swarm is evaluated using  

f(Xi)= max(systemoutput)                         (7) 
 

 
Fig.5 Membership function distribution for inputs 

 
The tuning of the FLC parameters can be summarized 
as follows: 
 Step 1: Encode the MF particles for inputs as 

presented in Fig.5 
 Step 2: Initialize the swarm position vector Xi 

and corresponding velocity Vi for all swarms in 
the population. All particles are randomly 
generated (i.e no experienced particles are used). 

 Step 3: Update the velocity of each particle in the 
swarms using (5), and the position using (4). 

 Step 4: Decode each swarm (Xi) into a fuzzy 
inference system (FIS) structure and output the 
results. The fitness of each FIS structure is then 
evaluated and used to update Pbest and Gbest. 

 Step 5: Repeat Steps 3 and 4 for the set number 
of iterations. 

 
VI. SIMULATION RESULTS 
 
Simulations were carried out in MATLAB, using the 
fuzzy logic tool box and Simulink.To evaluate the 
response of fuzzy system in CRs, normalized 
sequence values of three descriptors were randomly 
generated. Spectrum utilization efficiency of each SU 
was a random value in the interval [0 100] and its 
mobility degree in [0 10] with third parameter as the 

distances to the PU were normalized to [0 10]. The 
FLS was optimized by using the PSO algorithm 
defined as a function in MATLAB. The output of 
fuzzy decision making, i.e. the possibility that a SU 
was selected to access the available spectrum was 
computed for Sugeno-FIS and Fig. 6 represents the 
opportunistic spectrum access decision surface for the 
cognitive user. The user with the maximum 
possibility was selected to use the spectrum. Since 
there are three inputs and one output, i.e. total four 
variables, it is impossible to obtain a 4-D graph, 
hence the distance to PU was made constant and the 
3-D graph was plotted to view the decision surface. 
The output of fuzzy decision making, i.e. the 
possibility that a SU was selected to access the 
available spectrum was computed for Mamdani-FIS 
and Fig. 7 represents the opportunistic spectrum 
access decision surface for the cognitive user.  
The PSO optimized membership functions of the 
inputs are shown in Fig.8, Fig.9, and Fig.10. The Fig. 
11, represents the opportunistic spectrum access 
decision surface for the cognitive user for PSO 
optimized Sugeno based FIS. 
 

 
Fig.6. Surface plot of sugeno based FLS 

 

 
Fig. 7. Surface plot of mamdani based FLS 

 

 
Fig.8 PSO optimized MF for antecedent1 

The image part with relationship ID rId17 was not found in the file.
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Fig.9  PSO optimized MF for antecedent2 

 

 
Fig.10 PSO optimized MF for antecedent3 

 

 
Fig. 11 Decision surface of PSO optimized Sugeno based FIS 

 
A comparison between the Mamdani FLS, the 
proposed Sugeno-FLS and the PSO optimized 
Sugeno FLS was done. The study of the three 
surfaces provides an insight that sugeno model has 
higher probability of detection as the possibility of 
choosing a secondary user is high in the caseof 
Sugeno compared to Mamdani type and also that the 
PSO optimization of the Sugeno type FLS increases 
the possibility of choosing the secondary user. Table 
II shows the different values of output obtained both 
for mamdani sugeno, and PSO optimized sugeno for 
same input.  
 
CONCLUSION AND FUTURE SCOPE 
 
A rule-based Sugeno type FLS to control the dynamic 
spectrum access for SU in cognitive radio networks 

was proposed. The SU is selected based on three 
parameters i.e., spectrum utilization efficiency of the 
secondary user, its degree of mobility, and its 
distance to the primary user. The scenario was 
analyzed and simulated. Further, the FLS was 
optimized using PSO algorithm. The comparison 
between Sugeno type, PSO optimized Sugeno type 
and Mamdani type FLS revealed that the proposed 
system can have more probability of detection, as the 
decision surface is improved compared to the 
Mamdani type FLS and also optimizing the Sugeno 
type FLS  using PSO algorithm, increases the 
possibility of selecting the secondary user. 
In the proposed approach, the membership functions 
of parameters can be modified in accordance to 
requirements of the primary network and the 
spectrum using policy. Hence, this approach can be 
implemented practically in future cognitive radio 
networks.Since this model is based on Sugeno type 
system, further optimization techniques such as 
genetic algorithm, ant colony optimization etc. can be 
implemented to optimize the system so as to increase 
the probability of detection. 
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TABLE I Rule Base 

 
 

 
Table II Comparison of Mamdani ,Sugeno and PSO optimised Sugeno for different inputs 

 
 
 
 
 
 
 

 
 

 
 


