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Abstract 

This paper present an efficient Genetic Algorithm 

based solution for Harmonic elimination in single 

phase PWM rectifier. A control loop has been designed 

to attain a suitable DC voltage with minimum ripple, 

input current with minimum harmonic and maximum 

input power factor. Theoretical studies have been 

carried out to show the effectiveness and robustness of 

the proposed method for elimination of harmonics. 

Theoretical results are validated through simulation 

using MATLAB software package. 
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“1 . Introduction” 

Diode rectifiers are widely used in industrial fields and 

consumer products thanks to its advantages of low 

cost, simple structure, robustness and absence of 

control. However, this type of converters may results 

in only unidirectional power flow, low input power 

factor, high level of harmonic input currents, 

malfunction of sensitive electronic equipment, 

increased losses and also contributing to inefficient 

use of electric energy. To maintain supply  

 

quality at acceptable levels, various standards and 

guidelines specify limits of current harmonic content 

for certain types of applications. Recently, many 

promising power factor correction techniques have 

been proposed for rectifiers. 

Apart from application of active and passive filters, 

the best solution is in using pulse width modulated 

(PWM) rectifiers. Research interest in three-phase 

PWM rectifiers has grown rapidly over the last few 

years due to some of their important advantages, such 

as power regeneration capabilities, control of dc-bus 

voltage over a wide range, and low harmonic 

distortion of input currents. Since the converter has 

abilities to control the input current in sinusoidal 

waveforms, unity power factor operation can be easily 

performed by regulating the currents in phase with the 

power-source voltages. Various control techniques 

have been proposed in recent works on this type of 

PWM rectifier [1-2]. It is well known that in order to 

obtain better ac supply power quality and high 

performance of these converters, it is preferable to 

directly control the magnitude and phase angle of 

three phase supply currents. So direct current control 

is probably the simplest technique used to forcing the 

supply current to follow the reference current. There 

are mainly six kinds of direct current control 

algorithm : hysteresis current control, predictive 

current control, current tracking control, sliding mode 

control, state feedback control and space vector 

control. Closed-loop PI controller based on the current 

tracking control strategy is a most widely used current 

tracking control strategy. But this control algorithm is 

difficult to realize parameters tuning of the controller 

and its ac current is easy to have the distortion [3-6]. 

In this paper a method based on the GA is proposed in 

order to optimize output DC voltage ripple, THD of 

input current and unity power factor 
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“2.Circuit Topology” 

In Fig.1 circuit of single phase PWM rectifier is 

shown in which is ,Vs , Ls and RL are input current, 

supply voltage, input inductor and load resistance, 

respectively. 

Assume that: 

                                (1) 

         (2) 

                                                                                                          

 

 
“Figure 1. Single-phase PWM Rectifier 

Circuit” 

      

     (3) 

 

 

Mathematic model can be written as above 

 

Where Vs and Is are peak values of supply voltage and 

current, respectively. 

 

Vab is modulated voltage that by adjusting phase and 

amplitude of Vab, Is can be controlled. In this control 

system output measured voltage is  compared with 

output voltage Vout that will be choose arbitrary and its 

output is multiplied by PI controller. The obtained 

result will be multiplied by sinusoidal wave. Previous 

operation result shows the is ref which will be 

compared with is. The current controller, which can be 

hysteresis controller or linear controller pulse PWM 

modulator, must respond fast enough to achieve 

sinusoidal current. BY using PWM generator the 

output of this comparison is applied to PWM 

generator as an input and in order to fire the 

switches[5-10]. Switching frequency (fs) is other 

parameters that have effect on generate the fires by 

PWM generator and was determined in PWM 

generator’s box

  “Figure 2. Proposed Block Diagram” 
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“3.Genetic Algorithm” 

 

A genetic algorithm is a problem solving 

method that uses genetics as its model of problem 

solving. It’s a search technique to find approximate 

solutions to optimization and search problems. GA 

handles a population of possible solutions. Each 

solution is represented through a chromosome, which 

is just an abstract representation. Coding all the 

possible solutions into a chromosome is the first part, 

but certainly not the most straightforward 

one of a Genetic Algorithm. A set of reproduction 

operators has to be determined, too. Reproduction 

operators are applied directly on the chromosomes, 

and are used to perform mutations and recombination 

over solutions of the problem. Appropriate 

representation and reproduction operators are really 

something determinant, as the behavior of the GA is 

extremely dependents on it. Frequently, it can be 

extremely difficult to find a representation, which 

respects the structure of the search space and 

reproduction operators, which are coherent and 

relevant according to the properties of the problems. 

Selection is supposed to be able to compare each 

individual in the population. Selection is done by 

using a fitness function. Each chromosome has an 

associated value corresponding to the fitness of the 

solution it represents. The fitness should correspond to 

an evaluation of how good the candidate solution is. 

The optimal solution is the one, which maximizes the 

fitness function. Genetic Algorithms deal with the 

problems that maximize the fitness function. But, if 

the problem consists in minimizing a cost function, the 

adaptation is quite easy. Either the cost function can be 

transformed into a fitness function, for example by 

inverting it; or the selection can be adapted in such 

way that they consider individuals with low evaluation 

functions as better. Once the reproduction and the 

fitness function have been properly defined, a Genetic 

Algorithm is evolved according to the same basic 

structure. It starts by generating an initial population 

of chromosomes. This first population must offer a 

wide diversity of genetic materials. [11-13]The gene 

pool should be as large as possible so that any solution 

of the search space can be engendered. Generally, the 

initial population is generated randomly. Then, the 

genetic algorithm loops over an iteration process to 

make the population evolve. Each iteration consists of 

the following steps: 

“3.1Selection” 

The first step consists in selecting 

individuals for reproduction. This selection is done 

randomly with a probability depending on the relative 

fitness of the individuals so that best ones are often 

chosen for reproduction than poor ones. 

“3.2Reproduction” 

In the second step, offspring are bred by the 

selected individuals. For generating new 

chromosomes, the algorithm can use both 

recombination and mutation. 

“3.3Evaluation” 

Then the fitness of the new chromosomes is evaluated. 

“3.4Replacement” 

During the last step, individuals from the old 

population are killed and replaced by the new 

ones.The algorithms stopped when the population 

converges toward the optimal solution. 
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In short, the basic four steps used in simple Genetic 

Algorithm to solve a problem are: 

The representation of the problem 

1 The fitness calculation 

2 Various variables and parameters involved in 

controlling the algorithm 

3 The representation of result and the way of 

terminating the algorithm 

 

 

“4.Proposed Method” 

One of the optimization methods which can be used to 

obtain the best results of the system is the Genetic 

Algorithm. In this article, four factors including ripple 

of the output voltage, harmonic of the input current, 

settling time and power factor are considered to be 

optimized by using the Genetic algorithm.    [10-12] 

For gaining the best results for the considered 

parameters above, four parameters including the 

switching frequency ( fs ) , k p , T and the value of the 

capacitor (C) have been varied in the simulink and the 

simulations have been done 50 times by using the 

Genetic algorithm. The input voltage of rectifieris 220 

V, 50 Hz and the load parameters are L=10mH and 

R=200Ω. 

“ 5.Simulation Result ” 

Dedicated software is developed in MATLAB [10] for 

the application of GAs for voltage harmonic 

elimination in the PWM single phase inverter. The 

parameters of GAs, such as crossover and mutation 

probability, population size and the number of 

generations, are usually selected as common values 

given in literature, or by means of a trial and error 

process to achieve the best solution set. 

“Table1. Applicability Range for Four 

Variable Parameters” 

Variable Applicable range 

fs (Hz) 35000 70000 

C(μF) 390 1200 

Kp 2 5.1 

T 0.01 0.08 

 

Start 

 

 

      Create initial random 

population 

 

 

Evaluate fitness for each 

population 

 

 

Store best Individual 

                                         

Creating mating pool 

         YES 

      

 

NO 

Reproduce and ignore few population 

 

Performance mutation 

 

“Figure 3.Block Diagram of Genetic   

Algorithm” 

Optimal 

or good 

solution 

found 

 

Stop 
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 “Table 2. The Best Result from the Genetic 

Algorithm” 

Variable The best result 

Fs 68500.8432 HZ 

k p 2.8557 

T 0.028026 

C 0.028026 

 

 

 

Although these parameters influence the dynamics and 

quality of convergence of the GAs, the proper 

determination of these parameters for a particular 

problem is still an open question. A higher population 

might increase the rate of convergence but also 

increase the execution time. The selection of an 

optimum sized population requires some experience in 

GAs. In the present work, the authors vary the 

parameters and study the impact. 
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“Figure 4. Simulink Model of Proposed 

Work” 

 

   

“Figure 5.TDH of Input Current Without 

GA”   

 

   

“Figure 6.TDH of Input Current With 

GA“Table3.Simulation Results for Arbitrary  

Values” 

figure is 3.5 %. Thus the GA is reducing THD almost 

to half as in un-optimized parameters. 

“ 6.Conclusion ” 

 

     Calculated THD = 7.2076 % 

“Table4. Simulation Results for Optimized 

Value by Genetic Algorithm” 

Variable Result 

 68500.8432 

C 0.00041578 

 
2.8557 

T 0.028026 

       Calculated THD = 3.7458 % 

Simulation results have been shown in figure above. 

Figure 4 showing the THD of input current with 

arbitrary parameters of simulation, the THD value 

obtained of figure is 7.2 %.The genetic algorithm 

toolbox is used for optimization of parameters. Figure 

5 is showing the THD of input current with optimized 

parameters of simulation, the THD value obtained of  

An efficient technique of calculating switching angles 

through the Genetic Algorithm method is illustrated. 

An optimized PWM-SHE switching method is 

proposed for Single-phase Rectifier circuit. In this 

paper,  a single phase pulse width  

modulated rectifier is presented and first simulated 

with arbitrary parameters. Then to obtain DC voltage 

with minimum harmonic of input current, genetic 

algorithm is used to optimize the operational 

parameter. Result of simulation shows the impact of 

optimized parameter over the total harmonic distortion 

of input current. Particle swarm optimization 

Variable Result 

 60000 

C 0.00039 

 
2 

T 0.035 
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technique has shown the improvement in results then 

genetic algorithm in many electronic domain 

problems, thus our work can be proposed to replace 

GA and improve THD of input current. 
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