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ABSTRACT

This paper determines the performance of boost converter using Pl controller and fuzzy controller. Normally, boost
converter has non-linear properties, because of its properties, fuzzy controllers have been applied. When fuzzy
controllers are applied practically in individual, it has so many disadvantages despite of its suitable characteristics. For
controlling a boost converter, fuzzy controller was proposed. Although, it has disadvantages but it has also its own
advantages that are suited for the control design. For designing and verifying the results of a fuzzy controller, Pl
controller should also use. The experimental results of the proposed boost converter using fuzzy control are evaluated in
comparison with results using PI controller. The comparison of both the results indicates that the fuzzy controller is able
to obtain better settling response than PI controller.
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1. INTRODUCTION
Basically two different control techniques are applied to dc-dc converters, they are Pl-controller and fuzzy controller.
Fuzzy control technique is a non-linear control technique, while PI- control technique is a linear technique used for
various industrial applications.

Frequency response techniques are used to design the PI controller for dc-dc converters [1]. Generally, to determine the
loop gain, cross-over frequency, gain margin and the phase margin, bode plot is used. Phase margin is used to determine
the stability of the proposed system. But PI controllers can only designed for one nominal operating point of the system.
As the small signal model of the boost converter varies, the operating point varies. Both the poles and a right-half plane
are zero and also the magnitude of the frequency response, are all dependent on the duty cycle. Therefore, for Pl
controller it is very difficult to respond the changes in operating point.

B. M. Hasaneen and Adel A. Elbaset Mohammed presented a design and simulation of DC/DC boost converter. This
system has a nonlinear dynamic behavior, as it work in switch-mode. Moreover, it is exposed to significant variations
which may take this system away from nominal conditions, due to changes on the load or on the line voltage at the input.
The input usually is obtained by PV array and therefore the design and simulation in this paper covers the whole range of
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radiations and temperature. In this paper we analyze the equations of a boost converter and propose a design components
and simulation of DC/DC boost converter. This work is applied to photovoltaic system for tracking the point of
maximum power.

Mattavelli et al, discussed based on a qualitative description of the system to be controlled, fuzzy controllers are capable
of good performances, even for those systems where linear control techniques fail, e.g., when a mathematical description
is not available or is in the presence of wide parameter variations. The presented approach is general and can be applied
to any DC-DC converter topologies. Controller implementation is relatively simple and can guarantee a small-signal
response as fast and stable as other standard regulators and an improved large-signal response. Simulation results of
buck-boost and Sepic converters show control potentialities.

The PID compensator generates the corresponding duty cycle based on the error signal [5]. Luo et al, presented the
control strategy for the static synchronous compensator (STATCOM) used in utility distribution systems is investigated,
and a novel fuzzy-Pl-based direct-output-voltage (DOV) control strategy is presented. Based on power balancing
principle and feed forward decoupling control, this novel DOV control strategy cannot only reduce the active and
reactive current control loops of a conventional double-loop control strategy but also achieve the decoupling control to
regulate dc-link voltage and maintain the voltages at the point of common coupling (PCC). In order to effectively
improve the immunity capability of this novel DOV control strategy to the uncertainties in system parameters, two fuzzy
Pl controllers are separately employed to maintain the voltages at the PCC and to simultaneously regulate dc-link
voltage.

So et al designed a fuzzy logic controller for dc/dc converters is described in this paper. A brief review of fuzzy logic and
its application to control is first given. Then, the derivation of a fuzzy control algorithm for regulating dc/dc converters is
described in detail. The propol1lpel01-sosed fuzzy control is evaluated by computer simulations as well as experimental
measurements of the closed-loop performance of simple dc/dc converters in respect of load regulation and line
regulation.

Kamyar Mehran et al. applied a novel Takagi-Sugeno (TS) fuzzy-model-based approach to prohibit the onset of
subharmonic instabilities in dc-dc power electronic converters. The use of a model-based fuzzy approach derived from an
average mathematical model to control the nonlinearities in power electronic converters has been reported in the
literature, but this is known to act as a low-pass filter, thus ignoring all nonlinear phenomena occurring at converter clock
frequency.

A fuzzy bilinear state feedback controller based on Tagaki—Sugeno (TS) fuzzy bilinear model for DC-DC converters is
presented [9] . The DC-DC converters can be approximated to bilinear model via Taylor series expansion. For achieving
the output voltage regulation, to formulate the extended system of bilinear DC—DC converter model, one of whose state
variables is the error between the output voltage and the reference output voltage. The extended system can be described
to TS fuzzy bilinear model. We design a fuzzy bilinear state feedback controller to track the reference output voltage.
The closed loop system is globally asymptotically stable via the proposed controller. Lyapunov theory is employed to
guarantee the stability of the closed loop system. Numerical examples are given to demonstrate the validity of our
proposed control approach with comparative results.

DC-DC power converters are characterized by cyclic switching of circuit configurations, which gives rise to a variety of
nonlinear behaviours. Their occurrence in DC-DC power converters makes the system analysis, control and behaviour
prediction difficult. An enhanced modelling method allowing one to obtain an accurate description of the converter
behaviour is presented in this paper. A fuzzy control scheme is proposed, and a fuzzy logic controller is then developed
to both suppress converter nonlinear phenomena and ensure the averaged input current regulation for a wide range of
parameters' variation[10].
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The design of fuzzy controllers is mainly based on the knowledge of system instead of a particular mathematical model.
The Fuzzy controllers are designed to adapt to the non-linear properties of boost converters under varying operating
points. Based on the issues of design and implementation, PI controller and fuzzy controller are compared. Finally, the
experimental results of the boost converter using Pl-controller and fuzzy controller methods are evaluated and compared.

2. DESIGN OF BOOST CONVERTER
Four components are needed to design a boost converter. They are: Inductor (L), capacitor (C), switch (S) and Diode (D).
The boost converter operates in two different modes depending on its switching period storage capacity and its relative
length.
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Fig. 1. Step-up dc-dc converter

1.1 Mode-1:

When MOSFET switch (S) is switched ON at the interval t=0 and terminates at the interval t=t,,, then the mode-1
operation begins. The equivalent circuit for the mode-1 operation model is shown in the fig.1. The inductor current iy (t)
is greater than zero and it ramps up linearly. The inductor voltage is V;,.
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Fig.2. Mode-1 operation of Boost converter

1.2 Mode-2

When MOSFET switch (S) is switched off at the interval t=t,, and terminates at the interval t=t,, then the mode-2
operation starts. The inductor current decreases until the MOSFET switch (S) is turned ON again during the next cycle.
The voltage across the inductor in this period is V;,,-V,; .
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Fig.3. Mode-2 operation of Boost Converter
Vin * ton + (Vi = Vour) * topp = 0
Where,
Vi, = The input voltage, Volts.
V,.. = The average output voltage, Volts.
t,, = The turn- ON time of MOSFET switch, sec.
tor¢ = The turn- OFF time of MOSFET switch, sec.

Dividing equation-1 with T, on both the sides and by rearranging [2], we get

Vou _ T _ 1
Vin taff 1-D
Where,
T,= The total switching period, sec.
D= Duty Cycle.
[deal Switch|
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Fig.4. Simulink model of Boost Converter.

For finding the inductor and capacitor’s critical values,

. _ log D

Capacitance C = ( : _AVO)
Ving D

Inductance L = (—*—)
fs Al

Where, f,= Switching frequency of the boost converter
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3. BOOST CONVERTER WITH PI CONTROLLER
For boost converter operation, a Pl controller is designed during steady state and it can reduce the oscillations in the duty

cycle.

1.3 Closed loop of Boost Converter
The following four parameters are required to do the closed loop of boost converter.

e Input voltage=18-30v

e  Output voltage=210v

e Maximum output current=1.2A

e Integrated circuit to build up the converter

1.4 Transfer function of Boost Converter
For any system to control the control parameters are very essential, as we all know that the Pl controller

o
parameters can be obtained from the closed loop transfer function of the boost converter.

R
Vout Lxs
= . 5)
) Vi () (ke ) ()

In closed loop, PI control is a program to control the pulse width modulator like the function generator and added
by the feedback control. This will helps in getting the constant output from the boost converter.

P1 controller controls the input to give the constant output.
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Fig.5. Boost Converter with P1 controller
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Table- I. Design Specifications of Proposed Boost Converter

PARAMETER RATING
Input voltage range 18-30 V
Output voltage 210V
Power 240W
Duty cycle 85.7%

Inductance, capacitance 643uH, 1pF.

Switching frequency 50kHz
Load resistance 200Q
Kp, K; 2.85*10"-4,0.1

Input Current

Input Voltage ‘

Fig.6. Input Current and Voltage Waveforms of Boost

Fig.7. Output Voltage and Output Current responses of
Converter

open loop converter

Closed loop Ount Current

Fig.8. Output Voltage and Output Current responses of closed loop converter
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4, FUZZY CONTROLLER FOR A BOOST CONVERTER

Boost converter’s small signal model is having a non-linear function across the duty cycle, a non-linear control
method i.e. fuzzy control technique is applied to control the boost converters. For fuzzy controllers, there is no need
of a particular mathematical model. Instead of using exact mathematical model, they are designed totally on the basis
of general knowledge of the plant. Fuzzy controllers has been designed to adapt the operating points from where it is
varying.
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Fig.9. Boost Converter with Fuzzy Control

For building a fuzzy block, four main components are needed:

1. Fuzzification: It can convert the input into information that which the inference mechanism use to activate and
apply the rules.
2. Rule Base: It contains the description that how to get the good control.
Inference Mechanism: It evaluates that which rules of control are relevant to use in this scenario, and
4. De-Fuzzification: It can interface that converts the inference mechanism’s conclusion into the control input to
the system [3].

Two inputs should be given to the fuzzy controller of the boost converter. First input is the error in output voltage
e[i]=Ref-ADCIi], where ADCIi] is the converted digital value of the i** sample of output voltage and ‘Ref” is the digital
value corresponding to the desired output voltage. The second input ce[i] = e[i] - e[i-1], is the difference in the error of
the ith sample and the error of (i — 1)t* sample.

w

635 | Page 30 March 2015 WWW.gjar.org



Vol-2, Issue-3 PP. 629-637 ISSN: 2394-5788

. v
GLOBAL JOURNAL ii! ;E;‘U&NCED RESEARCH

(Scholarly Peer Review Publishing System)

Table-11. Fuzzy Controller Rules

MN | NB N z P PB MP
MN | MN | MN | MN | MN | NB N 4
NB MN | NB NB NB N 4 P
N MN | NB N N 4 P PB
z MN | NB N Z P PB MP
P NB | N Y4 P P PB MP
PB N z P PB PB PB MP
MP | Z P PB MP | MP | MP | MP

4.1 Comparison of the design of PI controller with the design of the Fuzzy controller

PI controller design procedure is different from the fuzzy controller procedure. Frequency response is considered for
the PI controller based boost converter and the required frequency will get at one particular operating point of the
output response. As the duty cycle varies, the magnitude response and the response of the obtained frequency varies.

When considering the fuzzy controller, a particular mathematical model analysis is not needed. Mainly, it depends on
the general knowledge.

Response obtained in the PI controller is linear and it mainly depends on the particular factors like bandwidth, gain
margin, phase margin....etc. For knowing these factors, there are more tools available in PI controller. For Fuzzy
controllers, there are few tools available because it is based on the human’s knowledge and analysis is also difficult. It
also need extensive tuning to get the required response.

5. SIMULATION RESULTS

In this section, experimental results of both the controllers are discussed.
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Fig.10. Output Response of the PI Controller based

Boost Converter Fig.11. Output Response of the Fuzzy Controller based

Boost Converter
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6. CONCLUSION
For better performance of the boost converter, several controlling techniques are used. In this paper, PI controller and
fuzzy controller are used. For obtaining the steady response of the converter, Pl controller is used and this response is
mainly depends on the frequency response of the boost converter. The design of fuzzy controller depends on the expert
knowledge of the boost converter and it is tuned using trial and error method. We apply two different models of the fuzzy
controller i.e. one is to get faster response and the other is to reduce the steady state error.

After implementing the design and parameters in the boost converter, the results of the both PI controller and fuzzy
controller are compared. For designing the PI controller, it has different procedures but it doesn’t require particular
mathematical model. Fuzzy controllers requires more tuning than PI controller because for designing, it demands more
computation power. Despite of the issues mentioned above, it has its own advantages over the linear controllers. After
comparison, the settling response of the fuzzy controller is faster than the PI controller with lesser disturbances The
heading of a section should be in Times New Roman 12-point bold in all-capitals flush left with an additional 6-points of
white space above the section head. Sections and subsequent sub- sections should be numbered and flush left. For a
section head and a subsection head together (such as Section 3 and subsection 3.1), use no additional space above the
subsection head.
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