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ABSTRACT: Thestrategyusually used in manufacturing, 

commercial and residential applications need to go 

throughadaptationdesigned for their suitableimplementation and 

operation. They are coupled to the grid comprising of non-linear 

loads and thus have non-linear input characteristics, which 

results in production of non-sinusoidal line current. Also, current 

comprising of frequency components at multiples of line 

frequency is observed which direct to line harmonics. Due to the 

increasing insist of these strategies, the line current harmonics 

create a keydifficulty by degrading the power factor of the 

system thus disturbing the performance of the strategy. Hence 

there is a require to reduce the line current harmonics so as to 

get better the power factor of the system. This has lead to 

designing of Power Factor Correction circuits.Power Factor 

Correction (PFC) involves two techniques, Active PFC and 

Passive PFC. In our systemexertion we contain designed an 

active power factor circuit using Buck Converter for improving 

the power factor. Average Current Mode Control method has 

been implemented with buck converter to check the effect of the 

active power factor corrector on the power factor. The assistance 

of using Buck Converter in power factor correction circuits is 

that enhanced line regulation is obtained with substantial power 

factor. The proposed concept can be implemented to DC motor 

drive Applications for two switch buck boost converter by using 

mat lab/Simulink software. 

Index Terms-Two Switch Buck Boost, Power Factor 

Correction, Two Mode Control Scheme. 
 

I.  INTRODUCTION 

Now a day with increasing use of power 

converter devices and power electronic loads, more 

emphasis is given to power factor correction (PFC) and 

reduction in total harmonic distortion (THD) in the 

current drawn from the power utility. In order to improve 

the power quality, researchers have given more attention 

on development of new topologies on power converter. 

Improvements can be achieved by PFC techniques. Since 

now, various passive and active power factor correction 

circuits have been proposed, of which active power factor 

circuits found to be more advantageous. Thus active PFC 

techniques have rapidly become a vigorous research topic 

in the power electronics field and efforts have been made 

on the development of the PFC converters [1]. Various 

power factor correction (PFC) techniques for buck 

converter boost converter, buck boost converter 

topologies are employed to overcome the power quality 

problems. This paper proposes a Two Switch Buck Boost 

converter along with a power factor correction control to 

improve the power factor and hence reduce the THD. 

Two switch buck boost converter have the ability of both 

step up and step down with low voltage stress when 

compared with the basic converter. These converters have 

two switches, Q1 and Q2 which are operated 

independently [2]. A two mode control scheme is 

discussed in this paper. In this scheme when input voltage 

is greater than the output voltage Q2 is always kept off 

and pulse signals to Q1 is controlled to regulate the output 

voltage then TSBB converter is equivalent to a buck 

converter and when input voltage is less than the output 

voltage Q1 is always kept on and Q2 is controlled to 

regulate the output voltage then TSBB converter is 

equivalent to a boost converter. 

 

II.CONTROL STRATEGIES FOR PFC IN AC/DC 

CONVERTERS 

 For one stage PFC converters, the main 

challenge is the availability of only one control variable to 

perform voltage regulation and power factor correction in 

a single step. As a result, in the design of the controller, a 

tradeoff needs to be considered between output voltage 

regulation and power factor correction. For single-stage 

PFC converters many control techniques have been 

designed [3]-[8] which are classified as follows. 

1. Peak current control 

2. Hysteresis current control  

3. Average current-mode control 

Each of these control techniques is explained briefly 

below  

1. Peak Current Control  

In Peak Current Control, the positive slope of the 

inductor current is controlled so that it is equal to a 

reference value in each switching cycle. The inductor 

current increases when the switch is on, till instantaneous 

current reaches the reference value and then the switch is 

turned off. The product of the voltage compensator output 

and the sensed input voltage gives the sinusoidal current 

reference, and it is used to keep the input current in phase 

with the input voltage. Absence of current compensator 

for the controller and constant switching frequency is the 

peculiarity of this scheme. Such a control scheme is 

shown in fig. 1. 
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Fig1:peak current control 

 

2. Hysteresis current control: 

           Fig 2 shows the hysteresis control scheme. In this 

type of control with respect to maximum and minimum 

boundary limits two sinusoidal current references are 

generated. To achieve input current with small ripple 

narrow hysteresis band is desired. More narrower the 

band higher will be the switching frequency. Usually 

hysteresis control can be improved in a constant 

frequency operation but it results in increase of 

complexity of the controller. So, based on circuit 

components such as switching devices and magnetic 

components the hysteresis band should be optimized. 

Also change in switching frequency causes change in line 

voltage. In this control technique, the switch is turned on 

when the inductor current goes below the lower reference 

and is turned off when the inductor current shoots above 

the upper reference, which gives rise to a variable 

frequency control. Also with this control technique the 

converter works in CCM. 

 
Fig2: Hysteresis current control 

 
Fig 3 (a) Q. is 'on' and Q, is 'off' for buck mode (b) Q. and Q2 are 'off' 

for buck mode 
 

 

3. Average current-mode control: 
The technique of "average current-mode control" 

is shown in fig. 3. There are two control loops- one for 

improving the power factor and the other for voltage 

regulation. The inner current loop compensator minimizes 

the error between sensed input current and the current 

reference so as to obtain a unity power factor and reduce 

higher order harmonics in input current. In this technique 

converter operates in CCM mode. The main advantages 

of this technique is that more sinusoidal input current 

waveforms are obtained at fixed switching frequency and 

is less sensitive to noise, at the expense of additional 

compensator. 

 

 
Fig 4: Average Current-mode control 

 

III OPERATION PRINCIPLE OF TSBB: 
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 The two-switch buck-boost (TSBB) converter, as 

shown in fig. 4, is a cascade connection of simple buck 

and boost converters [9]-[12]. There are two active 

switches in the TSBB converter, Q1 and Q2 which are 

switched ON and OFF depending on the input voltage. 

 
Fig.5. Schematic diagram ofTSBB 

 

 

 
Fig 6 (c) Q1and Q2 are 'on' for boost mode (d) Q1 'on' and Q2 is 'off' for 

boost mode 
 

 

 

The voltage conversion of the TSBB converter operated 

in continuous current mode (CCM) [3]. 

   
  

    
   (1) 

where d1 and d2 are the duty cycles of switches Q1 and 

Q2 respectively. When the input voltage goes higher, the 

TSBB converter operates in buck mode, where d2 = 0, 

then Q2 is always OFF, and d1 is controlled so as to 

maintain the output voltage constant; when the input 

voltage goes lower, the TSBB converter operates in 

boost mode, where d1 = 1, then Q1 is always ON, and d2 

is controlled to regulate the output voltage. Thus, the 

voltage conversion of the TSBB converter with twomode 

control scheme can be written as [10] 

 

   {
                     

   

    
             

         (2) 

IV. MODES OF OPERATION OF TSSB 

 Fig. 5 (a), (b), (c) and (d) gives the different 

modes of operation TSBB when the switch Q1 and Q2 are 

operated.  

 

 

 

Mode I: 
When input is higher than the output TSBB 

operates as a simple buck converter, then Q2 is 

permanently 'off' and Q1 will be switching. 

 (a) When Q1 is 'on' then the input supplies the 

load and charges the capacitor. Since the input also 

charges the inductor, the current flow to the load is 

restricted and there is only a gradual build up. Also diode 

D1 is reverse biased and D2 is forward biased. 

 (b) When Q1 is kept 'off, D1 is forward biased 

and the stored energy in the inductor discharges and once 

the stored energy in inductor falls down, the capacitor 

begins to supply the load. 

 

Mode II: 

When input is lower than the output TSBB 

operates as a simple boost converter, then Q1 is 

permanently 'on' and Q2 will be switching.  

(c) When Q2 is 'on' the input charges the 

inductor. The capacitor which is charged in the previous 

cycle supplies the output. Both the diodes D1 and D2 are 

reverse biased. 

 (d) When Q2 is kept 'off', D1 is reverse biased 

and the stored energy in the inductor discharges. This 

charge along with the input will feed the load and charge 

the capacitor. 

 

V. DESIGN OF TWO SWITCH BUCK BOOST 

CONVERTER: 

The Two Switch Buck Boost converter is 

designed for CCM mode depending on the input voltages, 

output voltage and power. The input voltage variation is 

from (210V-250V) for an output of 220V, lkW. The 

design steps are given as follows:  
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   (3) 

 

Where VD represents diode voltage, Vout and Vin 

represents the input and output voltage respectively.  

 

The inductor and capacitor design is as,  

  
      

       
    (4) 

  
      

       
    (5) 

 

 

VI. TSBB ALONG WITH POWER FACTOR 

CORRECTION CIRCUIT: 

Fig. 6 shows a two switch buck boost converter 

along with the PFC control. There are two control loops. 

An outer control loop for voltage correction and an inner 

feed forward control loop for power factor correction. The 

output voltage is compared with the reference voltage, the 

error thus obtained is multiplied with a unit input voltage 

so that the error voltage follows the shape of the input 

voltage. The output is then compared with inductor 

current and the error compared with the required saw 

tooth waveform to give necessary pulses to each switch. If 

output voltage is higher than reference voltage it goes to 

buck mode, when output voltage is lower than reference 

voltage then they operate in boost mode [13]-[16]. 

 
Fig.7. Schematic diagram of TSBB with PFC 

 

 

VII. INTRODUCTION TO FUZZY LOGIC 

CONTROLLER: 

L. A. Zadeh presented the first paper on fuzzy set 

theory in 1965. Since then, a new language was 

developed to describe the fuzzy properties of reality, 

which are very difficult and sometime even impossible to 

be described using conventional methods. Fuzzy set 

theory has been widely used in the control area with some 

application to dc-to-dc converter system. A simple fuzzy 

logic control is built up by a group of rules based on the 

human knowledge of system behavior. Matlab/Simulink 

simulation model is built to study the dynamic behavior 

of dc-to-dc converter and performance of proposed 

controllers. Furthermore, design of fuzzy logic controller 

can provide desirable both small signal and large signal 

dynamic performance at same time, which is not possible 

with linear control technique. Thus, fuzzy logic controller 

has been potential ability to improve the robustness of dc-

to-dc converters. The basic scheme of a fuzzy logic 

controller is shown in Fig 5 and consists of four principal 

components such as: a fuzzification interface, which 

converts input data into suitable linguistic values; a 

knowledge base, which consists of a data base with the 

necessary linguistic definitions and the control rule set; a 

decision-making logic which, simulating a human 

decision process, infer the fuzzy control action from the 

knowledge of the control rules and linguistic variable 

definitions; a de-fuzzification interface which yields non 

fuzzy control action from an inferred fuzzy control action 

[10]. 

 

Fig.5. General Structure of the fuzzy logic controller on closed-loop 

system 
The fuzzy control systems are based on expert knowledge 

that converts the human linguistic concepts into an 

automatic control strategy without any complicated 

mathematical model [10]. Simulation is performed in 

buck converter to verify the proposed fuzzy logic 

controllers. 
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Fig.6. Block diagram of the Fuzzy Logic Controller (FLC) for dc-dc 

converters 

A. Fuzzy Logic Membership Functions: 

The dc-dc converter is a nonlinear function of the duty 

cycle because of the small signal model and its control 

method was applied to the control of boost converters. 

Fuzzy controllers do not require an exact mathematical 

model. Instead, they are designed based on general 

knowledge of the plant. Fuzzy controllers are designed to 

adapt to varying operating points. Fuzzy Logic Controller 

is designed to control the output of boost dc-dc converter 

using Mamdani style fuzzy inference system. Two input 

variables, error (e) and change of error (de) are used in 

this fuzzy logic system. The single output variable (u) is 

duty cycle of PWM output. 

 

Fig. 7.The Membership Function plots of error 

 

Fig.8. The Membership Function plots of change error 

 

Fig.9. the Membership Function plots of duty ratio 

B. Fuzzy Logic Rules: 

The objective of this dissertation is to control the output 

voltage of the boost converter. The error and change of 

error of the output voltage will be the inputs of fuzzy 

logic controller. These 2 inputs are divided into five 

groups; NB: Negative Big, NS: Negative Small, ZO: Zero 

Area, PS: Positive small and PB: Positive Big and its 

parameter [10]. These fuzzy control rules for error and 

change of error can be referred in the table that is shown 

in Table II as per below: 

Table II 

Table rules for error and change of error 

 

 

VIII. MATLAB/SIMULINK RESULTS 

 
Fig 8Matlab/simulation conventional circuit of TSBB without PFC 

 
Fig 9 Matlab/simulation wave form of output voltage 

 
Fig 8 Matlab/simulation conventional circuit of TSBB with PFC 
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Fig 9 Matlab/simulation wave form of output voltage 

 
Fig 10 Matlab/simulation wave form of output voltage and current 

power factor 

 
Fig 11 THD Analysis of current with PFC 

 
Fig 12 Matlab/simulation proposed circuit of TSBB with PFC and DC 

motor  

 
Fig 13 Matlab/simulation proposed wave form of TSBB with PFC and 

DC motor speed 
 

 
Fig 14 Matlab/simulation proposed wave form of TSBB with PFC and 

DC motor current 
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Fig 15Matlab/simulation proposed wave form of TSBB with PFC and 

DC motor torque 

 
Fig 16 THD Analysis of current with PFC 

 
Fig 17 simulation wave form of fuzzy logic gate pulses  

 

 
Fig 18 simulation wave form of Input current with fuzzy logic controller 

 

Fig 19 Matlab/simulation wave form of output voltage and current 

power factor with fuzzy logic  
 

IX. CONCLUSION 

Widespread use of power electronics loads has 

given more attention to power factor correction (PFC) and 

reduction in harmonic distortion in the current drawn 

from the electric power utility. Various power factor 

correction (PFC) techniques such as buck converter boost 

converter, buck boost converter topologies are employed 

to overcome the power quality problems. This paper 

proposes a Two Switch Buck Boost converter along with 

a power factor correction control to improve the power 

factor and hence reduce the THD. The Two Switch Buck 

Boost Converter has the advantage of reduced switching 

losses. Study on DC motor drive has been done and an 

average current mode controller which was found to be 

more effective has been selected. Simulation of the 

converter with and without PFC controller has been 

performed in MATLAB/Simulink. Using this controller 

power factor correction and voltage regulation were 

achieved with single stage. 
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