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Abstract. Spectrum availability is becoming scarce due to the rise of number of users and 
rapid development in wireless environment. Cognitive radio (CR) is an intelligent radio 
system which uses its in-built technology to use the vacant spectrum holes for the use of 
another service provider. In this paper, genetic algorithm (GA) is used for the best possible 
space allocation to cognitive radio in the spectrum available. For spectrum reuse, two 
criteria have to be fulfilled - 1) probability of detection has to be maximized, and 2) 
probability of false alarm should be minimized. It is found that with the help of genetic 
algorithm the optimized result is better than without using genetic algorithm. It is necessary 
that the secondary user should vacate the spectrum in use when licensed users are 
demanding and detecting the primary users accurately by the cognitive radio. Here, bit error 
rate (BER) is minimized for better spectrum sensing purpose using GA. 
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1. INTRODUCTION 

It is observed that the spectrum is not utilized by the licensed users effectively and 
some of the holes remain vacant. So, it is indeed necessary that the spectrum should be 
utilized effectively. Cognitive radio is secondary users who use the spectrum when the 
primary users are not using it [Fig. 1]. It is necessary due to the fast development of 
technology [1]. FCC has allowed cognitive users to use the unlicensed spectrum in 2004.  
Cognitive radio has the capability of sensing the spectrum in the real time environment 
and the dynamic wireless environment. It can acquire information from the environment 
and gets adapted to the environment accordingly by changing its various parameter like 
frequency, power, etc. Using these changes, a cognitive radio senses the spectrum in a 
better way. The main purpose of the cognitive radio is to sense the spectrum, learn from 
the environment, adapt to the environment. Primary users, who have the highest priority, 
exploit the spectrum and secondary users have to vacant the spectrum accordingly not to 
interfere in the operation of the primary users. 
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Fig. 1 Illustration of spectrum 

2. SPECTRUM SENSING METHOD  

Cooperative sensing methods are used here as they reduce the probability of false 
alarm and even reduce the hidden primary user problem [2]. Cooperative sensing can use 
different methodologies. Cooperation can be between the cognitive radios or between 
cognitive radio and external nodes. 

Distributed sensing uses many cognitive radios to collect information from the envi-
ronment. They use this information for using a spectrum and is decided by them. Distrib-
uted spectrum sensing has got many added advantages since it has got reduced cost and if 
one node fails the whole system does not. A far away cognitive user is informed by the 
nearby cognitive user weather a primary user is present or not [2-14]. The information is 
broadcast among the cognitive nodes and the decision is taken which part of the spectrum 
is to be used by which cognitive node. In multi-slot spectrum sensing, the sensing time is 
divided into multi mini discontinuous time slots, as shown in Fig. 2. 

 
Fig. 2 Multi-slot spectrum sensing 

Multi-slot spectrum sensing uses the information provided by various slots for sensing 
the spectrum. It uses two methods to detect the spectrum available: 

1. Data fusion: All data from the slots are fused together to make one single decision. 
2. Decision fusion: Separate decisions are taken and then one decision is made on  

the basis of the decisions taken. 
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3. GENETIC ALGORITHM 

There are various optimization techniques available. The most reliable one is the 
genetic algorithm which is adaptable to the radio environment. GA uses Darwin’s theory 
of survival of the fittest. GA is quite flexible to the wireless environment and can be 
implemented in multi-objective optimization [15-16]. A chromosome is defined where the 
variables are stored and a population is initialized by using array in a matrix. An objective 
function is taken and is tested for its best solution. In the process, two parents are chosen 
where crossover takes place. After mating, the offspring is a mixture of the two parents 
involved. In this way iteration process is carried out until a best solution is reached.   

4. SENSING THROUGH DISTRIBUTED AND MULTI-SLOT SPECTRUM SENSING 

During sensing, each secondary user senses the spectrum within its location area and 
takes a decision after sensing the primary user. When primary user is active, the sampled 
received signal Y(n) at the secondary user is represented as [3]: 

 ( ) ( )Y n u n  (1) 

Otherwise it is represented as: 
 ( ) ( ) ( )Y n s n u n   (2) 

Here, s(n) is the primary user’s signal. Ti(y) is the test statistic for the i-th mini-slot: 
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Where, gi ≥ 0 is the weighting factor with the ith mini-slot. For probability of false 
alarm Pd, the minimum achievable probability of false alarm is given by [3]: 
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For maximum probability of detection: 
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Probability of false alarm and probability of detection is represented as: 
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In distributed spectrum sensing, many cooperative nodes are taken for consideration 

 1 : ( ) ( ) ( )i i iH y n h s n u n   (10) 
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Hypothesis is equivalent to: 
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With the probability of false alarm given Pf, the probability of detection is given by: 
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Where Qd is the interference level and Qf is the throughput of the cognitive radio 
network. 

5. BER PERFORMANCE  

Fig. 3 shows three-node cognitive relay system. CR1 and CR2 are the cognitive users 
which are in the range of each other. CR1 is in the range of primary user PU while CR2 is 
not. Here, rc is the transmission range. It uses the principle of time division multiplexing. 
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In the first slot, the message is sent  and if the message is sent correctly then in the next 
slot the second message is sent.hsd is the power received by CR1, hrd is the power 
received by CR2 which is forwarded by CR1[14]. 
 

 
Fig. 3 Relay System in Cognitive Radio Environment 

BER of CR2’s can be expressed as [3]: 

 (1 )e dec e co dec e dirP P P P P     (20) 

The simplified form of BER, where P1/σ
2 and P2/σ

2 tends to infinity, then: 
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6. GA OPTIMIZED RESULTS  

Genetic algorithm using MATLAB is used to optimize the BER performance in 
cognitive radio. The cognitive relay system of Fig. 3 is used in optimization. Fig. 4 shows 
the BER performance of a cognitive radio which is reduced with the help of GA. 
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Fig. 4 BER performance 

Fig. 5 and Fig. 6 show the probability of false alarm and probability of detection for 
multi-slot spectrum sensing. Probability of false alarm has to be reduced for efficient 
utilization of the spectrum. On the other hand, probability of detection is maximized for 
protection of the primary users. The various data shown is for different values of M, mini-
slots.  

 
Fig. 5 The average probability of false alarm for multi-slot spectrum sensing,  

when channels are unknown. 
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Fig. 6 Probability of detection versus sensing time 

 
In Fig. 7 and Fig. 8 the advantages, obtained with the use of GA are shown. 

Probability of false alarm is further reduced which is necessary for better operation of the 
cognitive radio. Similarly, probability of detection is maximized further as shown. In the 
optimized results, various parameters are varied and multi-objective optimization is done. 
Sensing time is varied from 0 to 5 ms and hi is varied from 0.2 to 0.4. Number of frames 
simulated is 100000.When the fading coefficients are unknown, the weighting factors are 
chosen to be the same for all the mini slots, i.e., gi =1/m. 

 

Fig. 7 Advantages of using GA for average probability of false alarm 
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Fig. 8 Advantages of using GA for probability of detection 

7. CONCLUSION  

It is seen that probability of false alarm is minimized by varying the parameter with 
the help of GA. On the other hand, probability of detection is maximized by using GA in 
distributed spectrum sensing and multi-slot spectrum sensing. In distributed spectrum 
sensing, multiple secondary users are detecting the spectrum. The received SNR of each 
user are same, which is -15dB. BER is studied in cognitive relay system and also 
minimized by using GA. 
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