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Abstract—Harmonics contamination is a serious and a harmful
problem in electrical systems. Active power filtering constitutes
one of the most effective proposed solutions. A shunt active power
filter that achieves low current total harmonic distortion, reactive
power compensation, is presented. The topology is based on
IGBT's voltage inverter, intended to damp harmonics produced by
a diode rectifier. The active filter used to compensate for the
nonlinear load is a three-phase inverter. The Shunt Active Filter
(SAF) is controlled by a Proportional- Integral (PI) controller and
Fuzzy Controller (FC). They are used to shape the line current to
be in phase and of the same shape as the supply voltage. The

three-phase ~ SAF  configuration  is  simulated  using
MATLAB/SIMULINK.
Index Terms—Shunt Active Filter (SAF), Proportional-

Integral (PI), Fuzzy Controller (FC)

I. INTRODUCTION

Electrical systems contain multiple non-linear loads,
whether they may be controlled and uncontrolled rectifiers
for dc based loads, triac based controllers for heating
applications, or some combination of the two. These loads
draw currents, which have high harmonic content and poor
power factor. The use of active systems for compensating
harmonic distortion and reactive power supply in the
electrical networks, both at user level or at higher voltage
level is preferred than the classical passive compensating
methods. Active filters permit the control and the
compensation of the distorted line currents adapting
themselves to the load changes and to changing in working
frequency. The representative load used is a controlled
rectifier. The active filter used to compensate for the
nonlinear load is a three-phase inverter. The Shunt Active
Filter (SAF) is controlled by a Proportional- Integral (PI)
controller and Fuzzy Controller (FC). They are used to
shape the line current to be in phase and of the same shape
as the supply voltage. The three-phase SAF configuration is
simulated using MATLAB/SIMULINK.

Although series APF's offer reduced rated power
capacity and filtering characteristics, they present the
disadvantages of difficulty to protect against power system
anomalies and the need to be connected to passive LC
filters in order to operate correctly. In this, the shunt active
power filter is used.SAF’s act as current source when they

are connected in parallel to the three phase system. These
filters filter out the harmonic content. On the other hand,
shunt APF's are not disturbed by power distribution
anomalies and the compensation of the power factor as well
as current harmonics can be easily implemented. The notch
filter is a very simple method allowing the APF's current
reference extraction without need to active or reactive
power or any complicated calculations. The design of a
control able to pursue current peaks isn't straightforward.
But, this difficulty has been overwhelmed by the
introduction of fuzzy logic in power electronic field. In fact,
with fuzzy logic it's possible to design a control system
adjusting the control surface for very different working
conditions, so the control can follow the reference current
even when very high peaks occur. Besides, DC capacitor’s
voltages can be maintained at constant levels with fuzzy
control.

A shunt active filter acts as a controllable harmonic
current source. In principle, harmonic compensation is
achieved when the current source is commanded to inject
harmonic currents of the same magnitude but opposite
phase to the load harmonic currents. Before the inverter can
subtly inject opposing harmonic currents into the power
system, appropriate harmonic detection strategies must be
implemented to efficiently sense and determine the
harmonic current from the nonlinear load.Within the
system, active filters can be used to provide suitable
harmonic compensation for voltage harmonics and current
harmonics. These harmonic are the most important variable
requiring compensation.

Fuzzy logic has emerged as one of the active areas of
research activity particularly in control applications. Fuzzy
logic is a very powerful method of reasoning when
mathematical models are not available and input data are
imprecise. When it comes to control systems or processes
which are complex fuzzy logic is indeed a powerful control
tool and it performs better compared to conventional
mechanisms like PI.

II- MATHEMATICAL MODEL
According to the equivalent circuit shown in
Fig.1. The active power filter is described by the relation:
z % Ly — L%
VAN s
dz
Ly = »r £ (1)
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vy is a switching state taking the values of either 1 or —1
corresponding to the two inverter levels +£ or - E .Finally,
the whole supply-active power filter-rectifier can be
modeled by the following equations. Figl. represents the

equivalent circuit of supply active filter rectifier.
Al e,
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Fig 1: Equivalent circuit of supply-active filter-rectifier
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[II-SHUNT ACTIVE FILTER DESIGN

In this, three phase VSI is used as a shunt active
filter.SAF acts as current source as it is connected in
parallel with a non linear load and controlled to compensate
the required compensation currents. Performance of SAF is
based on three design criteria.

a. Power Inverter design
b. Methods used to obtain reference currents.
c. Types of current controller

a. DESIGN OF POWER INVERTER

VSI consists of a three phase Isolated Gate
Bipolar Transistors (IGBT’s) with anti paralleling
diodes.VSI is connected in parallel with three phase supply
through three inductors. The inductor current is given by
Lfl1, Lf2,L.f3.DC side of VSI is connected to a DC capacitor

that carries input ripple current of the inverter. DC capacitor
provides a constant DC voltage. The Lfl, L2, Lf3 perform
voltage boost operation in combination with the capacitor,
and at same time act as low pass filter for AC source
current. SAF must be controlled to produce the
compensating currents following the reference currents
through the control circuit.

The fundamental design of the power circuit
involves selecting the value of filter capacitor, filter
inductance and the nominal value of the capacitor voltage.
The selection of controllable switches to support unipolar
voltage and bipolar current is implemented by a transistor
with an anti-parallel diode. The maximum voltage
supported by the controllable switches is the maximum DC
bus voltage. The nominal value of Vc must be at least twice
the peak of the line-neutral voltage in order to assure
control over the slope of the filter inductor current at all
times. The size of the filter capacitor is based on the
allowable voltage ripple during each cycle of operation. The
capacitor voltage with respect to time is calculated by

integrating.
1 i 4)
Ve=V,——||u L” + 1L (e
| [ }d( )

The switching function U is defined in such a manner that
U =1, when either S1 or D1 is conducting and U = -1, when
either S2 or D2 is conducting

Equation (7) is used to determine the required capacitor size
for an acceptable voltage ripple. The current, which is
supported by each switch, is the maximum inductor current.
The filter inductor current is given by

lL = lline - lloaa’s %)

; _ plods :
Uine = E—smwt

rms

(6)

The inductor current is always shaped as long as Vc/2 >
Vin. The expression for the capacitor voltage taking into
account the ripple due to the compensating current is
derived as

.dv” :—l[u lL"+ublL—b+u ZL‘} (7)
dt 2

Where ua, ub and uc are the independent controls
for phases a, b, and c, respectively, and iLa, iLb and iLc are
the compensating currents for phases a, b, and c,
respectively. The filter in terms of three first-order
independent systems is expressed as
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llinex — lloadx + lcomp . (®)
Where ‘x’ denotes the phase.

b. CALCULATION OF REFERENCE CURRENT

Several methods for calculating irefi (i = a, b, c)
are proposed. These methods are divided into two types:
single-phase and three-phase. In the three-phase approach,
the three phases operate simultaneously as in the case of
real and imaginary instantaneous powers. In the single-
phase kind, each phase operates individually as used in the
FFT and the notch filter methods. In this study, we apply
the method of notch filter which consists of two identical
band-pass filters in series, as shown in Fig.2.

icabc —y

irgf abc
L 2nd orderband-pass filters *
1 1 ' 1
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Fig 2: Notch filter based on band pass filter method

A carrier-based PWM modulator generates a
composite signal that consists of a modulation signal and a
carrier signal. In the linear mode, the peak of a modulation
signal is less than or equal to the peak of the carrier signal.
Figure 3 illustrates a two level carrier-based PWM signal.
As shown in Fig.3, in the linear mode and for carrier based
two-level PWM modulators, we have:

tk, -tk =u,.T,
th, =1/2.(1+uy).T,

th =1/2.(1-u.)T o

where tk+ and tk- are the positive and the negative pulse
widths in the kth sampling interval, respectively, u(k) is the
normalized amplitude of the modulation signal in the kth
sampling interval (ju(k)] < 1), and the normalized peak
value of the carrier signal is 1.

T Modulation signal ufk)
e
!
H

Fig 3: Principle of two level carrier-based modulation

The synoptic diagram of the applied PWM
comparator is shown in Fig.4. The difference between the
active filter current and the reference current passes through
a relay or a hysteresis comparator in order to determine the
switches Si, Si' gating signals of each arm of the inverter.
Here the modulating signal is compared with the carrier
signal, at zero crossover points the signal pulses are
generated, which the inverter power switches in a manner
that reduces the current error.

Army
— ! 55

’}'eﬁ*{ﬁ e 1 ;m (
" Relgp e |/ 5
Carrier Signal i=abc

Fig 4:PWM comparator synoptic diagram
¢. CONTROL CIRCUIT

Figure 5 illustrates the active power filter control circuit
synoptic diagram, where ‘PI’ is a Proportional-Integrator
corrector.

Shunt Active
Filter

Fig 5: Active filter control circuit symbolic diagram

A good and robustness control is a system
which forces a signal to track closely its reference. The
control strategy applied in this paper is the carrier-based
PWM modulation, which will be described later.

IV.FUZZY CONTROL APPLICATION OF THE ACTIVE
POWER FILTER’S CURRENT

Fuzzy logic serves to represent uncertain and
imprecise knowledge of the system, whereas fuzzy control
allows taking a decision even if we can’t estimate
inputs/outputs only from uncertain predicates.

In the open loop, the switches S1 - S6 are operated
at 180° mode of conduction for the three-phase voltage
source inverter. In this case the current injected by the filter
is independent of distorted source current. The source
current of the three-phase system supplying a nonlinear load
is not a pure sine wave. In order to shape the source current
to be sinusoidal, a closed loop control is necessary. In the
closed loop control, the actual source current and the
sinusoidal reference current are compared and switching
pulses for switches S1 - S6 are produced.
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The closed loop controller for SAF has an inner
current control loop and outer voltage control loop. The
outer voltage loop decides the magnitude of the reference
current.
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Fig 6: Control scheme of fuzzy Controller

V. SIMULATION RESULTS
For simulation studies, we used SIMULINK toolbox
under MATLAB software in order to model and test the
system.

The simulation parameters are summarized below in
Table 1.

TABLE-1
SIMULATION PARAMETERS
Supply - 120 V peak
Frsqj.lcncy - 50 Hz
Controlled (R) - 6Q2
Rectifier load (L) - 26.5mH
Band width of low pass filter - 90HZ
a. SIMULINK DIAGRAM OF SAF WITH PI

CONTROLLER

In order to reduce line harmonics, shunt active
filters are used.SAF acts as a current source as it is
connected in parallel with a non linear load and controlled
to compensate the required compensation
currents.Here,voltage source inverter is used as a SAF.SAF
consists of a three phase voltage source inverter with
current as regulation.VSI contains a three phase Isolated
Gate Bipolar Transistors(IGBT’s) with anti-paralleling
diodes.VSI is connected in parallel with three phase supply
through three inductors Lfl ,Lf2,1.f3.DC side of VSI is
connected to a DC capacitor, that carries input ripple
current of the inverter. DC capacitor provides a constant DC
voltage. The Lfl ,Lf2,Lf3 perform voltage boost operation

in combination with the capacitor, and at same time act as
low pass filter for AC source current. SAF must be
controlled to produce the compensating currents following
the reference currents through the control circuit. For this
shunt active filter PI controller is applied. The capacitor
voltage (Vc) is given to a low pass filter, which gives
average capacitor voltage. The Vc is compared with
nominal set point capacitor voltage and the error is
processed using PI controller.

Fig 8: Supply current waveform after applying PI SAF.

The line current waveform after applying PI
controller to the Shunt active filter is shown in Fig.6.4.By
applying PI controller to the active filter the harmonic
content is reduced to a certain extent. When the
conventional PI controller is employed the source current
shaping is achieved along with the significant amount of
spikes.
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b. SIMULINK DIAGRAM
CONTROLLER

OF SAF WITH FUZZY

In order to reduce the harmonic distortion, fuzzy
controller is applied to shunt active filter. The control
scheme of Fuzzy control is the capacitor voltage (Vc) is
given to a low pass filter, which gives average capacitor
voltage. The Vc is compared with nominal set point
capacitor voltage and the error is processed using FC
controller. The output of controller is proportionality factor
k.The reference currents are compared with filter actual
currents and the error signal is compared with the triangular
wave and is passed through hysteresis controller or relay or
sliding mode control to generate the firing pulses which
activate the inverter power switches in a manner that
reduces the current error.

The main characteristics of the fuzzy control are,

Two input signals are capacitor voltage error and
change in error are properly scaled and fuzzified.

Centroid method is empolyed for defuzzification.

The fuzzy rules are given in Table 2.

TABLE-2
€

Ce NB NM NS z PS PM PB
NB NB NB NB NB NM NS z
NM NB NB NB NM NS ZPHS, | PS
NS NB NB NM NS z PS PM
Z NB NM NS z PS PM PB
PS NM NS z PS PM PB PB
PM NS z PS PM PB PB PB

z

PS PM PB PB PB PB

Fig 9: Simulink model of SAF with Fuzzy controller

Fig 10:Supply current waveform after applying Fuzzy SAF

VI-CONCLUSION

Throughout this work, the effectiveness of
the shunt active power filtering especially with the
application of fuzzy logic controller. In fact, the distortion
of the power supply current was diminished to a satisfactory
level. The harmonics present in the source current are
compensated by developing a suitable switching pattern for
the active filter..The control of distortions by proper
switching is first simulated by the conventional PI
controller. When the PI controller is employed the source
current shaping is achieved along with the significant
amount of spikes.Therefore,a mamdani type fuzzy logic
controller is used for multiple non linear loads to limit the
line current distortion using three phase active power filter.
In presence of fuzzy controller the source current shaping is
achieved with negligible amount of spikes.

Thus, the proposed Fuzzy controller has
better dynamic behavior than conventional PI control. It is
proved that the fuzzy logic control yields the results, which
are superior to those, obtained with the conventional
controllers. Therefore,Fuzzy controller is characterized as an
intelligent adaptive controller.
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