
IJSRD - International Journal for Scientific Research & Development| Vol. 8, Issue 4, 2020 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 443 

Comparative Performance Evaluation of High Switching Frequency DC-

DC Converters with Conventional PI and Fuzzy Logic Controller 

M. Sethu Dinesh1 G.D.M.V. Kishan2 P.Vijay3 Ravindra Janga4 

1,2Student 3,4Assistant Professor 
1,2,3,4Department of Electrical and Electronics Engineering 

1,2,4Bapatla Engineering College, Bapatla, Andhra Pradesh, India 3
 Narasaraopeta Engineering College, 

Narasaraopeta, Andhra Pradesh, India

Abstract— This paper presents the improved performance of 

a fuzzy controller than a PI controller to control DC-DC 

Converter used in 24V DC Applications. The 

experimentation in fuzzy domain using five membership 

functions with the proposed input and output variables. A 

fuzzy controller can be implemented where linear control 

techniques fail. The experimental results of the considered 

converter using fuzzy control are evaluated in comparison 

with PI controller. All the analysis and simulations were 

performed using MATLAB software. The comparison of 

both the results indicate that the fuzzy controller is able to 

obtain better dynamic response. The results confirm the 

capability of the control methods in the improvement of the 

considered converter functioning. 
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I. INTRODUCTION 

Recent statistics DC-DC converters are the mostly used 

circuits in power electronic appliances. They can be found 

in almost every electronic appliance nowadays, since all 

semiconductor components are powered by DC sources. 

DC-DC converters are basically used for stabilizing a given 

dc voltage to a desired value. This is generally achieved by 

using chopping and filtering of input voltage through 

suitable switching action, generally implemented by using 

pulse width modulation. The boost converter is a popular 

non-isolated, inverting power stage topology, sometimes 

called a step-up converter. Most of the DC-DC Power 

supply designers choose the boost converter because the 

output voltage is higher than the input voltage particularly at 

a voltage level of 12/24/48V [1-4].  

 
Fig. 1: Over View of the Considered DC-DC Converter 

system 

Consequently, the regulation of the converters can 

be a difficult task, especially when the operating range is 

large. Because of the non-linear nature of the converter there 

is a necessity of controller for DC-DC converter system. A 

completely different approach is offered by the fuzzy logic 

control which does not require a precise mathematical 

modelling of the system nor are complex computations 

involved. Fuzzy logic control has been applied successfully 

to a wide variety of engineering problems, including dc to 

dc converters. Fuzzy control is an attractive control method 

because its structure, consisting of fuzzy sets that allow 

partial membership and “if-then” rules, resembles the way 

human intuitively approaches a control problem. This makes 

it easy for a designer to incorporate heuristic knowledge of a 

system into the controller.  

Fuzzy control is obviously a great value for 

problems where the system is difficult to model due to 

complexity, non-linearity and imprecision. DC-DC 

converters fall into this category because they have a time 

varying structure and contain elements that are non-linear 

and have parasitic components [5-7]. Fuzzy control is 

obviously a great value for problems where the system is 

difficult to model due to complexity, nonlinearity and 

precision. DC-DC converters fall into this category because 

they have a time varying structure and contain elements that 

are non-linear and have parasitic components [8]. However, 

since fuzzy control is based on heuristic rules, application of 

non-linear control laws to face the nonlinear nature of dc–dc 

converters is easy.  

This paper organized as follows, Section II 

explains operating principle of boost converter. Section III 

explains the Modelling of the Converter. Section IV 

describes the methodologies to design different controllers 

Section V presents computer simulations Section VI 

presents conclusion. 

II. WORKING OF DC-DC CONVERTER 

The behavioural A Boost converter is a switch mode DC to 

DC converter in which the output voltage is greater than the 

input voltage. It is also called as step up converter. The 

name step-up converter comes from the fact that analogous 

to step up transformer the input voltage is stepped up to a 

level greater than the input voltage. By law of conservation 

of energy, the input power has to be equal to output power 

Input power (Pin) = output power (Pout) 

Since Vin < Vout in a boost converter, it follows 

then that the output current is less than the input current. 

Therefore, in boost converter [7] 

Vin < Vout and Iin >Iout 
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Fig. 2: Basic DC-DC Boost Converter 

 
Fig. 3: Boost Converter with PWM Signal 

A. Principle of operation: 

The main working principle of boost converter is that the 

inductor in the input circuit resists sudden variations in input 

current. When switch is OFF the inductor stores energy in 

the form of magnetic energy and discharges it when switch 

is closed. The capacitor in the output circuit is assumed 

large enough that the time constant of RC circuit in the 

output stage is high.  

1) Modes of operation of Boost converter 

The boost converter can be operated in two modes. 

1) Continuous conduction mode: Here current through the 

inductor never goes to zero i.e. inductor partially 

discharges before the start of the switching cycle. 

2) Discontinuous conduction mode: Here current through 

the inductor goes to zero i.e. inductor is completely 

discharged at the end of switching cycle. 

B. Circuit analysis of Boost converter under Continuous 

conduction mode:  

Assume in the entire analysis that the current swing 

(maximum to minimum value) through inductor and voltage 

swing through capacitor is very less so that they vary in a 

linear fashion. This is to ease the analysis and the results we 

will get through this analysis are quite accurate compared to 

real values. 

Case-1: When switch S is ON 

 
Fig. 4: Grid connected System 

When switch in ON the diode will be open 

circuited since the n side of diode is at higher voltage 

compared to p side which is shorted to ground through the 

switch. Hence the boost converter can be redrawn as follows 

During this state the inductor charges and the inductor 

current increases. Assume that prior to the opening of switch 

the inductor current is IL, off. Since the input voltage is 

constant. The switch is open for ton seconds which is given 

by D*Ts where D is duty cycle and Ts is switching time 

period. 

The current through the inductor at the end of 

switch on state is given as (1). 

Hence, 

𝛥𝐼𝐿 =  (1/𝐿) ∗ 𝑉𝑔 ∗ 𝐷 ∗ 𝑇𝑠.                                    (1) 

Case 2: When switch is off 

When switch in OFF the diode will be short circuited and 

the boost converter circuit can be redrawn as follows 

 
Fig. 5: Grid connected System 

 

The inductor now discharges through the diode and 

RC combination. Assume that prior to the closing of switch 

the inductor current is IL, off. The current through the 

inductor is given as 

Note the negative sign signifies that the inductor is 

discharging. Assume the switch is open for toff seconds 

which is given by (1-D)*Ts where D is duty cycle and Ts is 

switching time period. The current through the inductor at 

the end of switch off state is given as 

 𝐼𝐿 𝑜𝑓𝑓 = – (1/𝐿)  ∗ (𝑉𝑔 − 𝑉𝑜𝑢𝑡) ∗ (1 − 𝐷) ∗ 𝑇𝑠         (2) 

In steady state condition as the current through the 

inductor does not change abruptly, the current at the end of 

switch on state and the current at the end of switch off state 

should be equal. Also the currents at the start of switch off 

state should be equal to current at the end of switch on state. 

Hence, 

 ILoff =IL on and using the equations 1 and 2 we get 

(1/𝐿)  ∗ 𝑉𝑔 ∗ 𝐷 ∗ 𝑇𝑠 
= – (1/𝐿)  ∗ (𝑉𝑔 − 𝑉𝑜𝑢𝑡) ∗ (1 − 𝐷) ∗ 𝑇𝑠 

𝑉𝑔 ∗ 𝐷 = − (𝑉𝑔 − 𝑉𝑜𝑢𝑡) ∗ (1 − 𝐷) 
𝑉𝑔 ∗  (𝐷 − 1 + 𝐷)  =  𝑉𝑜𝑢𝑡 ∗ (1 − 𝐷) 

𝑉𝑜𝑢𝑡/𝑉𝑔 =  1/ (1 − 𝐷)                                              (3) 
Since D < 1, Vout > Vg. Assuming no losses in the circuit and 

applying the law of conservation of energy. 

𝑉𝑜𝑢𝑡 ∗ 𝐼𝑜𝑢𝑡 =  𝑉𝑔 ∗ 𝐼𝑖𝑛 

This implies 𝐼𝑜𝑢𝑡/𝐼𝑖𝑛 =  (1 − 𝐷), 𝑇ℎ𝑢𝑠 𝐼𝑜𝑢𝑡 <  𝐼𝑖𝑛.  

III. STATE SPACE MODELLING OF DC-DC CONVERTER 

Boost converter is modelled by using state space modelling 

technique which helped to analyse the boost converter in 

both time as well as frequency domain[9] .In state space 
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modelling the state matrix are represented by A,B.C and D, 

X is the state variable, is state variable derivative ,U is the 

input and Y is the output. Here average large signal 

modelling is used to get state space model of boost 

converter. 

X = A* X + B*U                                                             (4) 

Y = C*X +D*U                                                             (5) 

When switch in boost converter is ON, the state 

variable and output Y are obtained as 
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When switch in boost converter is OFF, the state 

variable and output Y are obtained as 

 

 
g

vL
v

i

CRC

L

v

i































































0

1

11

1
0

000




 

    










v

i
y 11                                                               (7) 

By applying averaging technique to the equations 

(6) and (7), average large signal state space model is 

obtained as follows. 

   (8) 

Where A= d AON + (1- d) AOFF 

                 B= d BON + (1 – d) BOFF 

 
g

vL
v

i

CRC

d
L

d

v

i































































0

1

1)1(

)1(
0

0




     (9) 

    










v

i
y 11

                                                 (10) 

Equation (9) and (10) are implemented in state space 

functional block as shown in fig. 

 
Fig. 6: State space function block diagram 

IV.  DESIGN OF CONTROLLERS 

To get steady response from converter, a controller is 

required and PI Controllers is designed first and then a FLC 

is designed to get better performance. Before designing a 

controller Converter Components are calculated using the 

desired input and output parameters and is presented in 

Table. I. Based on this different controllers are designed to 

get better performance. 

Parameter Value Units 

Input Voltage (Vg) 
16 

(12-18) 
Volts 

Output Voltage (Vo) 24 Volts 

Switching Frequency (Fs) 100K Hz 

Output Power (Po) 100 Watts 

Filter Components 

(Lo &Co) 
12 &1302 µH &µF 

Table. 1: Converter Parameters 

1) Converter with PI Controller 

 
Fig. 7: Converter with PI controller 

 
Fig. 8: Representing a PI controller for Converter. 

The controller transfer function was Kp+Ki/S. It was 

simulated in MATLAB shown in Fig.9 & Outputs are 

shown in Fig.10. 

 
Fig. 9: Simulation diagram of the considered system with PI 

Controller 

BuAxx 
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Fig. 10: Output of System with PI Controller 

2) Fuzzy Controller 

 
Fig. 11: Block diagram of Converter with FLC 

The fuzzy PD controller consists of two inputs and 

one output. The input variables are error and change of error 

(rate, for short) of process output with respect to output set 

point. They are denoted as follows: 

𝑒(𝑛𝑇)  =  𝑠𝑝(𝑛𝑇)  −  𝑦(𝑛𝑡) 
𝑟(𝑛𝑇)  =  𝑒(𝑛𝑇)  −  𝑒(𝑛𝑇 −  𝑇) 

Where n is positive integer, T is sampling period 

and sp(nT) is the setpoint. We denote e(nT), r(nT) and y(nT) 

as error, rate and process output, respectively. Each of the 

two input variables is fuzzified by two input fuzzy sets, 

named “NB” “NS” “ZE” “PS” and “PB” and the output has 

five fuzzy sets, named as “NB” “NS” “ZE” “PS” and “PB” 

whose membership functions are shown in figures 12. And 

membership rules are presented in Table.2. 

 

 

 
Fig. 12: Inputs and Output Membership Functions 

 
With the designed rules converter was simulated 

and results were presented in Section V. 

V. RESULTS 

With the designed parameters shown in Table.1 and 

controllers in Section IV, considered system was simulated 

as shown in Fig.13 to Fig.19. 

 
Fig. 13: Simulation diagram of the considered system with 

open loop 
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Fig. 14: Output of the considered system with open loop 

 
Fig. 15: Simulation diagram of the considered system with 

PI controller 

 
Fig. 16: Output of the considered system with PI controller 

 
Fig. 17: Simulation diagram of the system with Fuzzy 

controller 

 
Fig. 18: PWM signal generated by the Controllers 

 
Fig. 19: Output of the Fuzzy controller 

The obtained results of PI and Fuzzy Controller 

shows Fuzzy Logic Controller giving better response than 

the conventional PI Controller due to DC-DC converter is a 

variable structured system. 

VI. CONCLUSION 

We have described the basic steps that needed for tracking 

performance of the fuzzy controller. Here we have 

considered the comparison between a PI boost converter and 

a fuzzy boost converter using five membership functions. 

We observe the settling time is less for Fuzzy boost 

converter using 7 membership functions when compared 

with the other PI controller. We have shown some computer 

simulation results, for different membership functions of the 

boost converter which demonstrate the advantage of the 

fuzzy controller over the PI controller. The PI controller 

does not show any reasonable result for example of boost 

converter whereas Fuzzy controller is giving better results. 

These results show the improved dynamic response during 

the start-up, reference change and drastic load changes. In 

Future There is a possibility to design various controller for 

KY Converter to get better performance from the converter 

side also. 
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