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Abstract: - A boost converter is an electronic device 

which is used to change DC electrical power 

efficiently from one voltage level to another voltage 

level. Consequently, this converter requires a 

controller with a high degree of dynamic response. 

Proportional-Integral- Differential (PID) controller 

parameter are usually applied to the converter because 

of their simplicity. The controller design is perceived 

as an optimization process of dynamic response 

enhancement and solution is sought through genetic 

algorithm. The genetic algorithm (GA) is a process of 

finding and comparing feasible solutions until we 

don’t get better solution. These Genetic algorithms 

can find multiple optimal solutions in one single 

simulation run. 

The tuning of PID controller parameters for boost 

converter is based on traditional method Ziegler-

Nichols (Z-N) & genetic algorithm. These controller 

parameters observes the rise time, settling time, peak 

overshoot from the step response curves and from the 

comparison table it can be concluded that genetic 

algorithm is giving better response when compared to 

traditional method. 

Keyword: - GA, Z-N, PID,  Rise Time, Settling Time, 

Peak, Peak Overshoot,  

1. INTRODUCTION 

Boost converters provide an output voltage higher 

than the input voltage and are increasingly employed 

as front end converters for battery sources, 

photovoltaic solar systems, and fuel cells. When boost 

converter is employed in open loop mode, it exhibits 

poor voltage regulation and unsatisfactory dynamic 

response, and hence, this converter is generally 

provided with closed loop control for output voltage 

regulation. The mode of operation of the converter 

varies from ON to OFF state of the power switch and 

traditionally small signal linearization techniques 

have largely been employed for controller design.The 

electrical energy is converted at the utilization end to 

required forms of energy. There arises a need for an 

interface between the available source of electrical 

power and the utilization equipment. In most 

situations, the source of available power and the 

condition under which the load demands power are 

incompatible with each other. Large numbers of 

power converters are being utilized in various 

industrial applications [1] [3]. 

Boost converter is one of the basic modules of power 

electronic system which is used in the power 

conversion stage and its output voltage is greater than 

input voltage. It utilizes power semiconductor devices 
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controlled by integrated circuits and energy storing 

elements such as inductors and capacitors. 

2. DESIGN OF BOOST CONVERTER  

The schematic block diagram of traditional boost 

converter is shown in fig 2.1. It consists of constant 

input voltage Vs. Boost converter is connected 

between the supply and the load. To maintain constant 

output voltage a capacitor is connected to the load. 

The feedback is provided by the controller connected 

to the output of the boost converter [1].   

 

Fig 2.1 Block diagram of boost converter 

A dc-dc converter must provide a regulated dc output 

voltage under varying load and input voltage 

conditions. Hence, for the design of converter the 

following specifications are considered.  

SPECIFICATION: 

 Input voltage = 26V-36V  

 Output voltage = 54V  

 Output current = 0.54A  

 Switching frequency = 20KHz  

In steady state, the time integral of inductor voltage 

over one time period must be zero. 

𝑉𝑇 + (𝑉 − 𝑉 )𝑇 = 0  

=   

Assuming a lossless circuit, Pd =Po, 

𝑉 𝐼 = 𝑉 𝐼  

= 1 − 𝑑 

The average value of inductor current is given by 

𝐼 = 𝑖 =  

Formulae to calculate the inductor value and capacitor 

value 

The average output current at the edge of continuous 

conduction is 

𝐼 = 𝑇 𝑉
( )

∗
 

𝐿 = 𝑇𝑉
( )

∗
 

L=33mH 

The peak ripple voltage is given by 

∆𝑉 =
∆

= =  

∆
=  

Therefore we get  

𝐶 =
∆

 

C=1000uF 

= 1 − 𝑑 

Vs=36, Vo=80v 

d=0.55 

 

3. PID CONTROLLER 

This introduction will show us the characteristics of 

the each of proportional (P), the integral (I), and the 

derivative (D) controls, and how to use them to obtain 
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a desired response. Let us consider the following 

unity feedback system [2]. 

 

Fig 3.1 structure of PID controller 

The transfer function of the most basic form of PID 

controller, 

𝐶(𝑆) = 𝐾 + + 𝐾 𝑆  

Where KP= Proportional gain,  KI= Integral gain 

and KD =Derivative gain. 

The controller is used in a closed-loop unity feedback 

system. The variable e denotes the tracking error, 

which is sent to the PID controller. The control signal 

u from the controller to the plant is equal to the 

proportional gain (KP) times the magnitude of the 

error plus the integral gain (KI) times the integral of 

the error plus the derivative gain (KD) times the 

derivative of the error. 

Problem Formulation 

4. PROBLEM FORMULATION & 

CONTROLLER DESIGN USING 

GENETIC ALGORITHM 

The objective function which is considered 

for all the optimization techniques is given 

as 

𝑓 =   

Where er represents the cumulative error. 

er =sum of err. 

𝑒 = 1 − 𝑌  

Y represents the output array for each step 

response obtained by using different 

methods. 

5. GENETIC ALGORITHM 

GA is a stochastic global adaptive search optimization 

technique based on the mechanisms of natural 

selection. Recently, GA has been recognized as an 

effective and efficient technique to solve optimization 

problems. GA starts with an initial population 

containing a number of chromosomes where each one 

represents a solution of the problem which 

performance is evaluated by a fitness function.  

Basically, GA consists of three main stages: Selection, 

Crossover and Mutation. The application of these 

three basic operations allows the creation of new 

individuals which may be better than their parents. 

This algorithm is repeated for many generations and 

finally stops when reaching individuals that represent 

the optimum solution to the problem [1].  

 

Fig 5.1 Flow Chart of GA 

Population size 20 

Coding Matlab 
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Number of 

Generation 

100 

Selection Scheme Roulette-wheel 

selection 

Crossover 

probability 

0.6 

Mutation probability 0.01 

 

Operators of Genetic Algorithm 

A basic genetic algorithm comprises three 

genetic operators. 

 Selection 

 Crossover 

 Mutation 

Starting from an initial population of strings 

(representing possible solutions), the GA 

uses these operators to calculate successive 

generations. First, pairs of individuals of the 

current population are selected to mate with 

each other to form the offspring, which then 

form the next generation. 

[A] Selection 

This operator selects the chromosome in the 

population for reproduction. The more fit the 

chromosome, the higher its probability of 

being selected for reproduction. The various 

methods of selecting chromosomes for 

parents to crossover are 

 Roulette-wheel selection 

 Boltzmann selection 

 Tournament selection 

 Rank selection 

 Steady-state selection 

Roulette-Wheel Selection 

The commonly used reproduction operator is 

the proportionate reproductive operator 

where a string is selected from the mating 

pool with a probability proportional to Fi 

where Fi is the fitness value for that string. 

Since the population size is usually kept 

fixed in a simple GA, The sum of the 

probabilities of each string being selected for 

the mating pool must be one.  

The probability of the ith selected string is 

𝑃 =
∑

 

Where n is the population size. 

[B] Crossover 

The cross over operator involves the 

swapping of genetic material (bit-values) 

between the two parent strings. This operator 

randomly chooses a locus (a bit position 

along the two chromosomes) and exchanges 

the sub-sequences before and after that locus 

between two chromosomes to create two 

offspring. 
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[C] Mutation 

The two individuals (children) resulting from 

each crossover operation will now be 

subjected to the mutation operator in the 

final step to forming the new generation. 

This operator randomly flips or alters one or 

more bit values at randomly selected 

locations in a chromosome. 

6. MATLAB/SIMULINK RESULT 

Open loop response for the boost converter 

was obtained. After that the PID controller 

was designed for the boost converter by 

using Ziegler Nichols method then the step 

response was obtained by writing the 

MATLAB code. Then to obtain the PID 

controller parameters Kp, Ki and Kd the 

MATLAB code for the genetic algorithm 

was written. With the controller parameters 

obtained from the optimization techniques 

the step response was obtained. 

Then from the step response the dynamic 

response specifications rise time, settling 

time, peak overshoot were obtained. [1] [4] [8]. 

(A) Circuit for Step Change in I/P Voltage 

The simulink circuit for the boost converter when a 

step change in input voltage is applied is shown in the 

below fig. 6.1.  

 

Fig. 6.1 Simulink circuit for step change in input 

voltage 

(B) Circuit for Step Change in Load Resistance 

The Simulink circuit for the boost converter when a 

step change in load resistance from 100 ohms to 200 

ohms is applied the output voltage variation is shown 

in the below fig. 6.2. 

 

Fig 6.2 Simulink circuit for step change in load 

resistance 

(C) Output Waveform of Voltage & Current 

The boost converter with the traditionally designed 

controller is now simulated in MATLAB/SIMULINK 
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with step change in input voltage from 36v to 26v,and 

the output voltage observed is shown in the below 

fig.6.3.  

 

Fig 6.3 output waveform for step change in i/p 

voltage 

The boost converter with the traditionally designed 

controller is now simulated in MATLAB/SIMULINK 

with step change in load resistance  from 100 ohm to 

200 ohms and the output voltage observed is shown in 

the below fig 6.4.  

 

Fig 6.4 output waveform for step change in load 

resistance 

 

7. COMPARISON BETWEEN 

TRADITIONAL & GENETIC 

ALGORITHM CONTROLLER 

PARAMETERS 

The PID controller is tuning using Traditional 

Ziegler-Nichols & Genetic Algorithm. Initially the 

design of PID controller parameters for the boost 

converter was designed based on the conventional 

method i.e. Ziegler – Nicholas method. Secondly 

another optimization technique Genetic Algorithm 

(GA) using the tuning of PID controller parameters 

for the boost converter was finished. The results of 

Ziegler-Nichols & Genetic Algorithm are checked by 

MATLAB program as well as simulation. According 

to the results of the computer simulation, By 

observing the rise time, settling time, peak overshoot 

from the step response curves which are obtained by 

using the controller parameters from the comparison 

table it can be concluded that GA (Genetic 

Algorithm) technique is giving satisfactory response 

compared to Ziegler-Nichols Method . 

 

 Kp Ki Kd Ts Tr Tp 

Z-N 

MET

HOD 

0.35 25 0.00

17 

0.5 0.02

74 

0.

75 

GA 

MET

HOD 

0.27

62 

24.4

69 

0.00

28 

0.7

54 

0.00

18 

0.

25 

Table 7.1 Results comparison between controller 

parameter of Z-N & GA 
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8. CONCLUSION 

The design of controller for the boost converter is 

perceived as an optimization task and the controller 

constants are estimated through evolutionary search 

algorithms. The design of PID controller parameters 

for the boost converter is based on the conventional 

method i.e. Ziegler – Nicholas method gives a good 

performance, they create poor robustness and high 

exceeding. It is obvious that in case of few parameter 

changes of the plant led to decline of the performance 

of the conventional PID controller drastically. By 

using the method of GA (Genetic Algorithm) the 

design of PID controller parameters for the boost 

converter was done. 

By observing the rise time, settling time, peak 

overshoot from the step response curves. The 

controller’s effectiveness is studied by the comparison 

table it with the conventional PID controlled DC-DC 

converter. It is proved that the peak overshoot of the 

response is very much reduced and it settles at a very 

less time. Also it is proved that the genetic Algorithm 

tuned PID controller fed Boost converter is robust in 

its stability when subjected to external disturbances. 

These results of Ziegler-Nichols method & Genetic 

Algorithm are checked by MATLAB program as well 

as simulation. It can be concluded that GA (Genetic 

Algorithm) technique gives better response when 

compared to Conventional methods. 
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