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Fuzzy Logic Controlled Unity Power Factor 
Converter 

Zeynep Bala Duranay, Hanifi Guldemir, Servet Tuncer 
 

Abstract— A fuzzy logic controlled unity power factor ac-dc boost converter is simulated in this study. The dynamic behavior of an ac-dc 
boost converter is analysed with respect to the state of the switching element. The power factor relationship between the current and 
voltage is given. Fuzzy logic controlled unity power factor ac-dc boost converter is constructed and simulated. The controller is designed to 
drive the converter to operate in continuous conduction mode with near unity power factor with controllable output voltage. Simulations are 
made using Matlab/Simulink simulation package.  Various reference voltages and load values are used in the simulations to see the 
influences of the reference and load changes. Simulation results are presented. 

Index Terms— Boost, converter, fuzzy controller, fuzzy logic, harmonics, power factor correction, unity power factor 

——————————      —————————— 

1 INTRODUCTION                                                                     
c-dc conversion of electric power is necessary in many 
applications such as switch mode power supplies, bat-
tery charging systems, photovoltaic systems and variable 

speed systems. Ac-dc converters are used to provide dc con-
version and they are very popular due to their high efficiency 
and small sizes. They provide power for computers, periph-
erals and many other electronic equipments. Ac-dc converters 
are the power electronic systems that convert a voltage level to 
another by switching the input voltage. There are different 
types of converters. The boost converter is the most used in 
many domestic and industrial electronic devices.  

A diode bridge is used to convert ac voltage to dc voltage. 
This cause the current to be non-sinusoidal and a low power 
factor because of the nonlinear behavior of the ac-dc converter 
circuit. A Power Factor Correction (PFC) circuit added to con-
verter to solve the low power factor problem is one of the 
solutions. 

The PFC circuit consists of a regulator between the load 
and the diode rectifier. The current will be of sinusoidal shape 
and in phase with the input source voltage by controlling the 
switching scheme. Thus the Total Harmonic Distortion (THD) 
will also be decreased. A review of the power quality in single 
phase ac-dc converters is given in [1]. 

Different techniques are used for control of boost convert-
ers. Classical control techniques such as PI and PID [2], [3]; 
neural networks [4], [5]; sliding mode control [6], [7], [8] and 
fuzzy logic control [9], [10], [11] are the some of these control 
techniques. Classical controllers use state space average mod-
els linearised around an operating point with constant param-
eter. When the system parameters change the performance 

might  
 

 
lost [12].  

Intelligent control techniques are used to obtain optimum 
performance even with parameter change and disturbances. 
The fuzzy logic provides a suitable control technique due to 
the nonlinear and ambigues structure of the systems [13]. 
Fuzzy logic first introduced by Zadeh in 1965 [14]. 

Fuzzy Logic Control is a robust control technique suitable 
for nonlinear systems with parametric fluctuation and uncer-
tainties [15], [16]. 

It is a model independent technique and based on heuris-
tics methods.  It is used for modeling and control of uncertain 
systems which are difficult to be easily controlled by conven-
tional control methods. Design of fuzzy controllers is based on 
expert knowledge of the system other than mathematical 
model. Fuzzy logic controllers provide advantages such as the 
dynamic performance, the robustness or the possibility to take 
into account an experimental knowledge of the process. 

This paper presents a study of single phase PF control of 
boost converter using fuzzy logic and PI controllers for the 
voltage loop and current loop. The main objectives are to 
make the the current in the inductor to track a sinusoidal ref-
erence waveform and to regulate the output dc voltage to 
desired reference voltage. The designed controllers have been 
tested using MATLAB/Simulink 

2 DC-DC BOOST CONVERTOR 
The circuit diagram of an ac-dc boost converter is shown in 
Fig. 1. Input power supply connected to a bridge rectifier con-
verting ac to dc which is then connected to boost converter 
circuit. The circuit with inductor L, diode D and switch S form 
a dc-dc boost converter circuit. The Capacitor Co is used to 
obtain a constant output voltage and R is the load connected 
to the boost converter. 

It has two modes of operation according to the state of the 
switch. In the first mode of operation the switch is turned on 
(u=1), the current accumulates and energy stored in the induc-
tor and the load is supplied by the capacitor. In this case the 
voltage across the inductor is 
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𝑣𝐿 = 𝑉𝑠 = 𝐿 𝑑𝑖𝐿
𝑑𝑡

      (1) 
and the current through the capacitor is 
𝑖𝑐 = 𝐶 𝑑𝑣𝑐

𝑑𝑡
      (2) 

The second mode of operation is obtained by turning the 
switch to off state (u=0). Inductor current cannot change sud-
denly and the diode becomes forward biased providing path 
for inductor current. The stored energy in the inductor togeth-
er with the input source transferred to the output. In this case 
voltage accross the inductor becomes 
𝑣𝐿 = 𝑉𝑠 − 𝑣𝑐 = 𝐿 𝑑𝑖𝐿

𝑑𝑡
     (3) 

the current through the inductor is 
𝑖𝐿 = 𝑖𝑐 + 𝑖𝑅 = 𝐶 𝑑𝑣𝑐

𝑑𝑡
+ 𝑣𝑐

𝑅
     (4) 

Taking the voltage accross the capacitor and the current 
through the inductor as state variable and combining equa-
tions (1), (3) and (2), (4) with u which is the control input tak-
ing the discerete values 0 and 1 representing the swittch posi-
tion then we have 
𝑑𝑖𝐿
𝑑𝑡

= −(1 − 𝑢) 𝑣𝑐
𝐿

+ 𝑉𝑆
𝐿

     (5) 
 
𝑑𝑉𝐶
𝑑𝑡

= (1 − 𝑢) 𝑖𝐿
𝐶
− 𝑉𝐶

𝑅𝐶
     (6) 

 
Fig. 1. Ac-dc boost converter circuit. 

3 FUZZY LOGIC CONTROL 
Fuzzy logic is one of the most popular control system design 
for uncertain nonlinear systems [14], [15], [16]. It is a model 
independent method and based on heuristics methods.  In-
stead of the mathematical model, expert knowledge of the 
system is used in the design of fuzzy controllers.  

Fuzzy control inputs are determined by a set of fuzzy rules 
expressed as a form of the conditional statements. Using 
membership functions in fuzzy model, the variables error and 
change of error can be related to rules to provide an output.  

The error signal is the difference between the output volt-
age of the converter and the reference value of the output 
voltage. The change of error signal is obtained by applying 
this error to the unit delay block. Error and change of error are 
used as the input of fuzzy controller and the output of the 
fuzzy block is used as the reference value of the inner control 
loop as in Fig. 2. 

Vo

Vref
e+

ce I*1
z

-

Fuzzy Logic Controller
 

Fig. 2. Fuzzy logic control block. 

Table 1 shows fuzzy rules which relates change of input 
variables to the output value. Five membership functions NB, 
N, Z, P, PB are used in both input and output variables as 
shown in Fig. 3. Where NB is negative big, N is negative, Z is 
zero, P is positive and PB is used to represent positive big. 

The rules are drived from the following criteria; 
1. If the error beetween the reference and measured volt-

age is big that is the output of the converter is far from 
the reference point, then I* should be big to take the 
output to the reference value quickly. 

2. If the output of the converter is near the desired refer-
ence, a small change in I* is needed. 

3. If the desired reference is achieved and the output is 
steady, there should be no change in reference current 
I*. 

 
(a) 

 
(b) 

Fig. 3. Input and output membership function. 

TABLE 1 
FUZZY RULE TABLE 

      e 
ce NB N Z P PB 
NB NB NB NB N Z 
N NB NB N Z P 
Z NB N Z P PB 
P Z Z P PB PB 

PB N P PB PB PB 

4 POWER FACTOR CORRECTION 
Power factor correction is used to improve the power factor 
and to reduce the harmonics on the supply side for single 
phace ac-dc converter. The power factor, PF, is the ratio of 
average power (P) to the apparent power (S). In the case when 
both voltage and current are sinusoids, the PF is: 
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𝑃𝐹 = 𝑃
𝑆

= 𝑃
𝑉𝑟𝑚𝑠𝐼𝑟𝑚𝑠

= 𝑐𝑜𝑠𝜌               (7) 
Where cosϕ is the phase angle between the voltage and cur-

rent which is also known as the displacement factor of the 
voltage and current. Power factor correction may be called as 
compensation of the displacement factor. 

In the case of nonlinear load that is the current become 
nonsinusoidal then the power factor is; 
𝑃𝐹 = 𝑉𝑟𝑚𝑠𝐼1𝑟𝑚𝑠𝑐𝑜𝑠𝜌

𝑉𝑟𝑚𝑠𝐼𝑟𝑚𝑠
= 𝐼1𝑟𝑚𝑠

𝐼𝑟𝑚𝑠
𝑐𝑜𝑠𝜌 = 𝐾𝑝𝑐𝑜𝑠𝜌   (8) 

Where Kp is the distortion factor and indicates the harmonic 
content of the current with respect to fundamental. 

Researches on power factor correction for nonlinear loads 
aim to reduce the harmonics of the line current.  The aim in 
PFC is to shape the input current as close as possible to a si-
nusoidal waveform in phase with the line voltage.  

Many different techniques are used for power factor correc-
tion. Fig. 4 shows the configuration of fuzzy control based 
boost PFC converter. It consists of two control loops. The outer 
loop is the slow voltage control loop and the inner loop is the 
faster current control loop.  Fuzzy control is used for the volt-
age control and PI control is used for the current control. 

The fuzzy control loop is used to regulate the output volt-
age and the current control loop is used to maintain the input 
current to follow the same sinusoidal waveform as the input 
voltage. 

Vo

Vref+
-X

PI
+
-

Carrier

FLC

Iref
K

-
+

ILABS

D

RC

L

I*

 
Fig. 4. Block diagram of boost PFC converter control. 

The simulink program of the fuzzy logic control scheme of 
the boost converter with PFC is shown in Fig. 5. The dc output 
voltage Vo is compared with a reference value V*. The error 
between Vo and V* and change of error are used as inputs of 
fuzzy controller. The output of the FLC is taken as the refer-
ence current I*. The dc output voltage is controlled by adjust-
ing the magnitude of reference current I*.  The output of the 
fuzzy controller I* is multiplied by sensed magnitude of input 
current |𝑠𝑖𝑛𝑤𝑡| to produce reference current Iref. A PI control-
ler is used for the current control. Output of the current con-
troller is fed into a PWM modulator which generates switch-
ing signal by comparing the output of the current controller 
with a fixed frequency triangular signal. Thus the inductor 
current is proggrammed to follow the sinusoidal envelope of 
the input voltage providing output voltage regulation and 
near unity power factor. 

 
Fig. 5. Boost PFC converter control. 

5 SIMULATIONS 
The Simulink representation of the designed fuzzy logic based 
power factor controller is given in Fig. 6. 

 
Fig. 6. Fuzzy-PI controlled boost PFC convertor Simulink representation. 

The parameter values of the boost converter used in the 
simulations are: Vs= 20V, L= 4mH, C= 1200µF, R=200 Ω.   

Fig. 7 (a) shows the current waveform obtained without 
power factor correction and Fig. 7 (b) shows the current wave-
form with power factor correction scheme. As the diode 
bridge rectifier has nonsinusoidal line current due to the low 
ripple on the output voltage the current is not in sinusoidal 
form.  Same load used while obtaining current waveform both 
with and without power factor correction.  A sinusoidal 
source current in phase with the source voltage is obtained 
with power factor correction. 

Both with and without power factor correction, the desired 
reference voltage set to 30 Volts. Fig. 8 shows the output volt-
age of the boost converter. 
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(b) 

Fig. 7. Current waveforms (a) without power factor correction (b) with 
power factor correction. 

 
Fig. 8. Output voltage of the converter. 

The total harmonic distortions of the current with and 
without power factor correction are given in Fig. 9 (a) and Fig. 
9 (b). The reduction in harmonics and total harmonic distor-
tion are clearly seen. 

 
(a) 

 
(b) 

Fig. 9. THD (a) without power factor correction (b) with power factor cor-
rection. 

The boost power factor correction system is simulated with 
different reference voltages. While the output voltage has 
already stabilized to 30V a step change in the reference voltage 
from 30 to 40 V is made at t=1s. 

The performance of the PFC controlled system is given in 
Fig. 10 and 11.  As seen in these figures both before and after 
reference voltage change, the current waveform is in phase 
with the voltage waveform keeping the near unity power 
factor. 

To see the influence of the load change on the performance 
of the boost PFC system, the load connected to the boost con-
verter is changed from 200Ω to 100Ω at t=1s. The source volt-
age and current waveforms are shown in Fig. 12. The output 
voltage and current are shown in Fig. 13-a and 13-b. These 
figures prove that while with improved power factor, the 
output voltage track the desired reference voltage. 

 
Fig. 10. Change in reference voltage from 30V to 40V at t=1s. 
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Fig. 11. Voltage and current waveforms when reference voltage changes 
from 30V to 40V at t=1s. 

 
Fig. 12. Voltage and current waveforms when load changes from 200Ω to 
100Ω at t=1s. 

 
(a) 

 
(b) 

Fig. 13. When load changes from 200Ω to 100Ω at t=1s (a) output voltage 
(b) output current. 

6 CONCLUSION 
A dc-dc boost converter with power factor control is designed 
and controlled with fuzzy logic and PI controller. The inputs 
of the FLC are the error between the output voltage and the 
reference voltage and change of error. The output of the FLC is 
used as the reference current fort he PI current controller. The 
output of the PI controller is compared with a saw tooth carri-
er signal. The obtained signal is then applied to the switch of 
the converter. The designed system is simulated using 
Matlab/simulink. Desired output voltage with improved 
power factor is achieved with the use of fuzzy controller. The 
current ripples are also reduced. 

The performances of the controller in terms of robustness 
and dynamic response are presented with the simulation re-
sults.  
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