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Abstract— The evolution of various mobile generation from 

1G to 4G is characterized by an increasing number of users 

with ever high bandwidth demands. These ever high 

bandwidth requirement calls for very high spectrum 

efficiency requirement. The increased spectrum efficiency 

comes at the cost of increase complexity. The spectrum 

efficiency is more scared in 4G. The proposed work increases 

spectrum efficiency keeping all other parameters such as 

amount of spectrum and cell-site spacing constant and at 

some load per user. Improvement of spectrum efficiency in 

4G will make it more advanced and flexible. In order to 

improve spectrum efficiency, an ideal way is used to 

cognitive radio. The proposed work enhances the cognitive 

radio waveform using genetic algorithm (GA). The main 

advantage of GA is its multi-objective optimization 

technique. In GA, the cognitive radio defines as a 

chromosome and genes. This paper focus on improving 

spectrum efficiency in 4G using GA in cognitive radio. 
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I. INTRODUCTION 

Wireless communication from generation to generation is 

continuously developing at a booming speed. As the wireless 

technology are expanding, there are bigger challenges for 

huge data transfer at higher speed [1]. The new generation 

technologies such as 3G and 4G are more spectrum 

congestion. The efficiency of any generation is depend on 

such parameters like data rate, channel capacity, energy 

efficiency, coverage ,spectrum efficiency, etc. spectrum 

efficiency is the optimized use of spectrum so that maximum 

data can be transmitted with fewest transmission errors. Many 

studies have found that spectrum is already allocated but 

result is poor spectrum utilization. To address this problem, 

the cognitive radio is proposed to address the spectrum 

efficiency scarcity problem. 

Cognitive radio is the radio system which is 

autonomously co-ordinate the internal environment of the 

communication system.it is programmable device that is 

capable of learning environment and sensing interference. It 

is done by allowing unlicensed (secondary) users to co-exist 

with the licensed (primary) users without interfering and 

degrade the quality of licensed users. The cognitive radio 

network (CRN) provide the programmable and reliable 

wireless communication network. 

In cognitive radio networks, there are so many 

techniques are introduced. There are expert systems, artificial 

neural networks, fuzzy logic, and genetic algorithms. All 

these techniques gives different optimal solution. But each 

has severe limitations which are reduce the real optimal value 

in cognitive radio. The complete knowledge about the 

environment is the limitation of expert system. Fuzzy logic 

permits approximate solutions to be found in uncertain inputs 

which do not allow proving that the system has an optimal 

behavior [2].  

Neural networks are most applicable within the field 

but their computation stays complicated. Genetic algorithms 

have been acknowledged for their rapidity to cover a large 

space of feasible configuration, and for this reason find the 

most suitable solution. 

In this paper, the proposed genetic algorithm 

technique in cognitive radio network is use to improve the 

spectrum efficiency. Genetic algorithms have so many 

application like mathematics, physics, chemistry, computer, 

engineering, biometrics etc. It will focus on spectrum 

allocation in secondary users with quality of service. Genetic 

algorithm is a multiobjective optimization technique in 

cognitive radio networks which gives the multiple solution 

over a large search space.  

Fast convergence, ease of implementation as well as 

optimization of discrete and continuous radio parameters 

render GA as an excellent optimization tool for making 

resource management decision in CR network [9].The 

genetic algorithm starts with chromosome. These 

chromosome is a sets of genes. There are so many genes like 

frequency, power, BER, spectrum efficiency, modulation. 

Each gene gives the particular solution. Genes are considered 

from CRN parameters.  

Objectives are combined to multi-objective and give 

the fitness function. Each fitness function using weighted sum 

approach. So each objective can represented by rank which 

gives the importance of objective. 

II. COGNITIVE RADIO 

Cognitive radio is the radio system that autonomously 

coordinate with the usages of radio band. Cognitive radio is 

programmable device which is aware of their internal 

environment. It can detect the communication channel which 

are in use or not and instantly move into unused channels.  

 
Fig. 1: Cognition Cycle 

It Can optimized use of available radio spectrum 

without interference to others.CR users to be capable of 
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sensing the available spectrum from the radio environment 

and dynamically programming the radio according to the 

environment changes [3]. Cognitive radio would follow the 

cognition cycle to implement the operation. This cycle gives 

outline of the cognitive radio’s general mode of 

operation.Fig.1 shows that the adaptive mode of operation in 

spectrum. 

The main step of cognitive cycle is spectrum 

sensing, spectrum analysis, and spectrum decision [4]. 

 Spectrum sensing: A cognitive radio identifies the 

portion of spectrum which are in use, empty spectrum, 

and information of environment by sensing spectrum. 

 Spectrum analysis: Result of sensing spectrum analyzed 

to allocate the best frequency band to secondary user 

without degrade the quality of service. When the 

spectrum analysis carried out, the cognitive radio change 

its parameters according to allocate spectrum in 

secondary user. 

 Spectrum decision: The decision for best possible 

frequency band assigned to secondary user is taken on 

the basis of spectrum analysis 

Characteristics of cognitive radio is [5] 

 Cognitive capability: It is the ability of radio technology 

is to sense the information from radio environment 

 Configurability: The radio programmed according their 

environment is due to configurability. 

Wireless communication technology developing at a 

very high Speed.it becomes wider in very few years. From 1G 

to 4G, different cellular networks have been implemented. 

From 1G to 4G, data rate and range of distance covered are 

different. Journey of cellular network is from “cell” to “Pico 

cell”. Each generation have a different technology and 

capacity. Channel capacity plays a vital role in wireless 

communication. Complete use of channel obtained high data 

rate. High channel capacity improve the spectral efficiency. 

In new generation, they are using less number of channels and 

maximum users. So the new generation provide a high 

channel capacity. Comparatively from 1G to 4G data rate is 

high, but channel capacity is low. In 4G, spectrum efficiency 

is 16-31 bit/s/Hz/cell and data rate is 30-50 mbps [6].due to 

high data rate and low channel capacity, the spectrum 

efficiency is less compared to other generation. 

III. GENETIC ALGORITHM 

Nowadays genetic algorithm have many application like 

physics, mathematics, computer, engineering, bio medical, 

chemistry etc. [7]. In cognitive radio system genetic 

algorithm is more suitable for multi-objective optimization 

solution. Genetic algorithm have a multiple solution to 

address the unknown environment. Genetic algorithm is use 

to solve the difficult problems like machine learning, 

programme evolution, non-deterministic problems etc. 

Cognitive radio is implemented using genetic algorithm. In 

cognitive radio, the main purpose of genetic algorithm is to 

accommodate the secondary users in best possible spectrum 

by interacting the radio environment. Genetic algorithm is use 

to improve spectrum efficiency in cognitive radio. 

The genetic algorithm based on mechanism of 

natural selection and genetics. Some fundamental ideas are 

used to construct search algorithm and genetic algorithm is 

more suited to give the multiobjective optimization. This 

process is based on this genetic operators. 

Basic steps of genetic algorithm. 

 Start with chromosome generation. Initialize the 

population of chromosome. 

 After population initialization, compute the fitness 

function. And give the rank of each chromosome. 

 Check the fitness function 

 Select the chromosome with their fitness function. 

 Check the crossover rate of the selected chromosome. 

 Check the mutation rate of selected chromosome. 

 If the criteria is achieved then terminate the GA 

otherwise start with step 2. 

 
Fig. 2: Flow diagram of Genetic Algorithm 

Brief explanation of each step of genetic algorithm. 

 Start: generate i random population of chromosome 

which gives the solution of problem. 

 Fitness function: give the fitness of the randomly 

generated chromosome. 

 Selection: according to fitness function, select the two 

chromosome of good fitness level among the population. 

 Crossover: two chromosome are selected and crossover. 

Created a new individuals. If bad individuals created, it 

is eliminated in next selection. And good one is used to 

select the next selection operator. 

 Mutation: mutation is also used to create a new 

individuals. Need of mutation in genetic algorithm is to 

keep diversity in population 

IV. IMPLEMENTATION OF GENETIC ALGORITHM IN 

COGNITIVE RADIO PARAMETERS 

Cognitive radio interact with the radio environment to detect 

the frequencies and take some decision related to new 

spectrum. The main function of cognitive radio is learning, 

optimization and decision. In CR system, information is used 

as an input and transmission is used as output. The 

relationship between environmental and transmission 

parameters are formed by fitness function that are defined as 

objective functions for GA used [8]. So, the environmental 

information is known, which is used to improve the quality of 
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service of new behavior. This information includes several 

parameters such as power, bit-error rate, frequency, 

modulation, spectrum efficiency, signal-to-noise-ratio, 

throughput etc. Genetic algorithm is used in 4G cognitive 

radio to improve spectrum efficiency. 

As described above section, genetic algorithm works 

at some defined steps. These steps are as follows 

A. Construct Chromosome Structure 

The chromosome structure proposed in this paper is of five 

genes which is frequency band encoded on 10 bits, power 

encoded on 6 bits, bit error rate encoded on 3 bits, spectrum 

efficiency encoded on 4 bits and the modulation encoded on 

2 bits. These five parameters needed total 25 bits 

B. Generate initial population from chromosomes 

C. Calculate the fitness function of each chromosome 

In fitness function we set the total parameters x1, x2, x3, x4, 

x5 which is frequency band, power, BER, modulation scheme 

and spectrum efficiency which is derived by [2] 
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D. Construct a new population using selection, crossover 

and mutation. 

E. Return to step 3 until the desired value not obtained. 

Replace the old population with the new population   

F. When a desired value obtained, this process is terminated 

V. SIMULATION RESULT 

For the evolution of proposed solution, several results are 

tested. The Qos requirement of application that a user wants 

to use is shown in table .these values are gives as an input in 

a simulation model.it has been stated in fig 2I that a 

communication link already exists. The result are obtained 

which is shown in table.  

Frequency Power BER 
Modulation 

scheme 

Spectrum 

Efficiency 

95000 25 10^-3 1 26 

Table 1: Qos requirement by user 

 
Table 2: Resultant Chromosome with Their Fitness Function 

 
Fig. 3: Generation vs Frequency Fitness 

 
Fig. 4: Generation vs BER Fitness 

 
Fig. 5: Generation vs Power Fitness 

 
Fig. 6: Generation vs Modulation Fitness 

 
Fig. 7: Generation vs Spectrum Efficiency Fitness 
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Fig. 8: Frequency Fitness Gene 

 
Fig. 9: BER Fitness Gene 

 
Fig. 10: Power Fitness Gene 

 
Fig. 11: Modulation Fitness Gene 

 
Fig. 12: Spectrum Efficiency Fitness Gene 

There are total ten best values obtained using QoS 

requirements. Out of ten best values only one best value is 

selected to give the solution of user’s requirement which is 

shown in below table. 

Frequency Power BER 
Modulation 

scheme 

Spectrum 

Efficiency 

93684 
27.42

93 

0.00

20 
2 25 

Table 3: Best Fitness Function 

VI. CONCLUSION 

The proposed methodology shows the use of optimization 

technique in order to achieve optimal performance of 

cognitive radio in terms of spectrum efficiency. The proposed 

work tries to enhance the performance in order to reach the 

desired QoS requirement of user. With the genetic algorithm, 

we are able to obtain the ten best solution for the desired QoS 

requirements. Out of ten best values one best value is selected 

based on the criteria of maximization of spectrum efficiency, 

minimization of power and BER requirements. 
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