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Modeling and Simulation of a Fuzzy-Genetic Controller
for a Boost PFC Converter in Matlab/Simulink

Huseyin Dogan and Ramazan Akkaya

Abstract—In this paper, a fuzzy-genetic approach based
controller for a boost PFC converter is designed and modelled
in Matlab/Simulink. Proposed controller uses a Takagi-Sugeno
type fuzzy logic controller to regulate output dc voltage and a
hysteresis current controller to force the input current to track
a sinusoidal reference. Optimal values of fuzzy logic controller
are determined by genetic algorithm. To indicate the steady
state and transient performance, some simulation results are
presented.

Index Terms—Fuzzy logic, genetic algorithm, hysteresis
controller, PFC.

. INTRODUCTION

In conventional power supplies and variable speed drives
(\VSDs), the ac utility input voltage is converted to dc with a
diode rectifier and a filter capacitor smooths the pulsating dc
voltage. This circuit has the advantages of simplicity, low
cost and no need of control. But, it also has the disadvantages
of low power factor due to the presence of rich harmonics and
high peak current magnitude.

By various standards, the current harmonics produced by
the power electronics based devices are strictly limited. To
meet the standards, designers are forced to include passive or
active PFC circuits in their systems. Despite the fact that
passive techniques are low-cost solutions they have major
disadvantages of large size and weight. Therefore, active
techniques, especially boost PFC topology is widely used in
domestic and industrial applications. With increasing
demand for better power quality, this circuit will become an
integral part of power supplies and VSDs in the near future.

Performance of the converter depends on the choice of
control method. A well designed controller must achieve an
excellent output voltage regulation, under large load
variations, as fast as possible without having any stability
problems. For many years, as the other power electronics
based devices, linear P and PID control techniques are used
in boost converters [1]. The main drawback of these
techniques is that they need an exact mathematical modeling
which contains a lot of complex computations. Also they
only exhibit good performance in a small interval near the
steady-state operating point [2]. When the operating
condition is changed they fail and must be tuned again.
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The fuzzy logic control does not need an accurate
mathematical model of a system. On the contrary, it uses the
human expertise to understand the system’s behavior. Thus,
control principle is simple because it uses human like
linguistic rules in the form of IF-THEN. This approach can
be successful in a wide range of operating conditions where
linear control techniques fail [3].

Although achieving many practical successes, there are
still some problems with FLC. In many cases of fuzzy control
systems, to build an optimal system fuzzy parameters should
be well tuned. If this tuning is done manually, then this
procedure results in a long trial and error process. Also
designed controller often becomes subjective rather than
general due to heavy dependence on human expertise. To
tackle these problems different optimization methods for the
design of fuzzy logic controllers have been proposed. These
are, ant colony optimization [4], [5], neural networks [6], [7]
and genetic algorithms etc.

In this paper, a boost PFC converter which employs a
Takagi-Sugeno type fuzzy logic controller for outer voltage
control loop and a hysteresis band current controller for inner
current control loop is proposed. Voltage controller ensures
the converter dc-link voltage constant near its set value.
Output of this loop determines the amplitude of the
sinusoidal current reference in phase with the source voltage.
Current controller compares sensed input current with the
sinusoidal reference and produces proper gating signal that
forces input current to track this reference. Optimal values of
fuzzy logic controller parameters are determined by genetic
algorithm. These are; input and output scaling factors, input
membership function parameters and coefficients of linear
output functions. To indicate the steady state and transient
performance, some simulation results are presented.

11.BoosT PFC CONVERTER TOPOLOGY

Boost dc-dc converters are widely used in switched-mode
power supplies, adjustable speed drives, uninterruptible
power supplies and many other applications to increase the
level of an input voltage. As shown in Fig. 1, basic circuit
scheme of a boost converter contains a boost inductor as an
energy storage element, a semi-conductor switch (IGBT or
MOSFET), a flyback diode and a filtering capacitor to reduce
the output voltage ripple.

There are several boost converter topologies in literature.
As in our study, if the converter is connected to an ac source
through a rectifier, it can be used as a PFC pre-regulator. As
shown in Fig. 2, in this topology, a voltage controller
maintains a regulated output voltage while the current
controller ensures a high input power factor.
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Fig. 1. Circuit diagram of a Boost DC-DC converter.

I1l. CONTROL STRATEGY

A. Fuzzy Logic Based DC Bus Voltage Controller

Simulink model of the fuzzy voltage controller which is
used to regulate the dc-link voltage of the boost converter is
shown in Fig. 3. Actual dc-link voltage is sensed using a
voltage sensor and compared with the set reference voltage
(Vacrer)- Input variables of the fuzzy controller are dc-link
voltage error (e) and change in voltage error (Ae) at the k-th
sampling time as given below;

ek V, k (1)
e k ek ek 1 (2)

where a and B are input scaling factors. Output of the fuzzy
controller is the change of reference source current’s peak
value (Al,*) and actual reference source current’s peak value
is determined as below;

,*k 1,k 1 .1 ,*Kk 3)
where y is output scaling factor. By multiplying this term
with unity sine function (sin(wt)) reference source current

can be found as below;
I*

Vs

cref
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The input membership functions are shown in Fig. 4. To
ensure dc bus voltage stable near the set point 49 rules are
derived as seen in Table 1. Fuzzy rules of the controller are in
the fallowing form;

IF e(k) is X; AND Ae(k) is Y; THEN Al,*(K) is Z;
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Fig. 3. Inside of the “Fuzzy Voltage Controller” block

where X; and Y; are input membership functions and weighted
linear output function of the fuzzy controller is computed as;

Z w aek b.ek ¢ (5)
w.  AndMethod X, e k Y, ek (6)

where a;, b; and ¢; are output function coefficients and w; is
firing strength of the rule. For any combination of (e) and
(Ae) the final output of the system is the weighted average of

all rule outputs, computed as;
N N
Z, / W, @)
i1 j1

Inside of the “Fuzzy System” block in Fig. 3, is shown in
Fig. 5. The proposed fuzzy logic system was built up by using
function blocks instead of using “Fuzzy Logic Toolbox” in
Simulink. By this way, every parameter of the fuzzy logic
controller has become accessible and tunable during
optimization process.

Each function block contains mathematical equations and
iffelse statements to implement fuzzy operations like
fuzzification, decision making and defuzzification.

FinalOutput

B. Hysteresis Current Controller

The second stage of the boost converter control circuit is
generating appropriate gating signals for the power switch
that forces the input current follow derived reference current.
The goal is to reduce the current error.

In this paper, hysteresis current control method is used
because it allows a fast current control and the dynamic
answer is excellent. Unfortunately, in this control it is not
possible to fix the commutation frequency. However, this
disadvantage is not ever critical and current controllers based
on this method are now standard in most of control schemes.
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Fig. 2. Simulink model of the Boost converter.
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Fig. 4. Input membership functions for (e) and (Ae)

TABLE I: RULE TABLE OF THE FUzzY CONTROLLER
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The operating principle of the hysteresis current controller
which is shown in Fig. 6, depends on comparing of measured
boost converter input current with its reference by the
hysteresis comparator. The output of the comparator is the
power switch gating signal [8].

If the measured input current is bigger (half of the band
value) than the reference one, it is necessary to commute the
power switches to decrease the output current, and it goes to
the reference. On the other hand, if the measured current is
less (half of the band value) than the reference one, the switch
commute to increase input current and it goes to the
reference. As a result, the input current will be in a band
around the reference current.
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Fig. 6. Block diagram of hysteresis current controller

IV. OPTIMIZATION OF FLC BY GENETIC ALGORITHM

Fuzzy logic control uses human like linguistic terms for
input and output variables and associates them by rules that
are in the form of IF-THEN. Thus, only heuristic knowledge
of system behavior is needed instead of exact mathematical
model that contains complex computations. Since this
knowledge depends on human expertise, in case of no expert
or insufficient experience, determining controller parameters
becomes a difficult task and generally it takes a long time to
reach an optimal solution.

Genetic algorithm (GA) is a search technique used in
finding exact or best possible solutions to optimization and
search problems [9]. As in many different applications
[10]-[12], GA is a powerful tool to determine the parameters
of fuzzy logic control systems.

In this paper, parameters of fuzzy logic controller used for
dc bus voltage regulation, are determined by genetic
algorithm. These parameters are input and output scaling
factors, input membership function parameters and
coefficients of linear output functions. Genetic algorithm
iterations are performed by the MATLAB commands in an
M-File.
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Fig. 5. Inside of the “Fuzzy System” block in Fig. 3.

Algorithm begins with generation of initial population that
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contains 50 chromosomes. Each chromosome of this
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population is in the form of an array which consists of 28
columns. Each column indicates possible optimal value of
corresponding FLC parameter as shown in Table 2.

In this study, total dc bus voltage error is used while
selecting parents [13]. For this purpose, in the M-file,
generated parameters are loaded to the fuzzy logic controller
by the command “set_param()” and boost circuit is run in a
Simulink Mdl-file by the command “sim()”. During
simulation, dc bus voltage error is calculated and total error is
sent to an array. This procedure is performed for each
chromosome of initial population and finally an array with 50
rows is formed.

After the production of initial population and calculating
total dc bus voltage error for each chromosome in the
population, genetic algorithm iterations begin. In each
iteration, firstly parents are selected from the current
population by the tournament selection method using the
total error. In this process, fitter chromosomes which have
less total dc bus voltage error, are more likely to be selected.
Secondly, children are reproduced from the selected parents
using crossover and mutation operations and a new
population is formed. Finally, boost circuit is run again using
new parameters to obtain new fitness values. This cycle
terminates when predetermined number of iteration is
reached. The fittest chromosome of each population is stored
in an array and at the end of the iterations the fittest
chromosome of all populations is obtained. The flow chart of
the GA is shown in Fig. 7.

V.SIMULATION RESULTS

The Performance of the boost PFC converter with the
proposed control scheme is demonstrated in from Fig. 8 to
Fig. 10 which are provided by MATLAB/Simulink software.

In each figure variation of dc bus voltage and input current
during addition and removal of load are given. Fig. 8 shows
the variations when the boost converter is simulated with
initial parameter values that are not optimized. Fig. 9 shows
the variations when the boost converter is simulated with the
parameter values that are obtained at the 50. iteration. And
finally, Fig. 10 shows the variations when the boost converter
is simulated with the parameter values that are obtained at the
end of the iterations.

As seen from the figures, performance of the boost PFC
converter improves while iteration number increases. At the
end of the iterations, the boost converter has a fast transient
response during addition and removal of load. Input current
and dc bus voltage settles smoothly to a new steady-state
value within a time of a few cycles after small oscillations
during load changes.

TABLE Il: FLC PARAMETERS THAT WILL BE OPTIMIZED

Coefficents of
linear output functions

Input and output
scaling factors

Input membership fimction
intersection points
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Fig. 7. The flow chart of the genetic algorithm.
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that are obtained at the 50. iteration.
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VI. CONCLUSION

In this paper, a fuzzy-genetic approach based controller for
a boost PFC converter is proposed. Proposed control scheme
comprises a fuzzy logic based controller for dc bus voltage
regulation and a standard hysteresis current controller for
obtaining gating signals of the power switch. As for finding
best possible values of the fuzzy logic controller parameters,
genetic algorithm is used. Validity of the proposed control
technique is verified by the presented simulation results.
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