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Abstract-This paper presents a fuzzy logic controlled shunt
active power filter used to compensate for harmonic
distortion in three-phase four-wire systems. SAPF is one
of the key controllers in Flexible Alternating Current
Transmission System (FACTS) to control the transmission
line voltage and can be used in PS to enhance the power
transmission capacity and extend the transient stability. In
order to improve the power factor, compensate the
reactive power and suppress the total harmonic distortion
(THD) drawn from a Non-Linear Diode Rectifier Load
(NLDRL) of SAPF, we propose a Hysteresis Current Pulse
Width Modulation (HCPWM) technique which is used as
control for the switches of the Voltage Source Inverter
(VSI) or SAPF. The ability of fuzzy logic to handle rough
and unpredictable real world data made it suitable for a
wide variety of applications, especially, when the models
or processes are too complex to be analyzed by classical
methods. In this paper fuzzy logic controller is also used
for controlling the DC capacitor voltage. The results show
that the proposed controller has fast dynamic response,
high accuracy by using MATLAB / SIMULINK are carried
out to verify the performance of the proposed controller.

Keywords— Voltage Disturbances, Nonlinear Loads,
PCC, Power Quality, Shunt Active Power Filter
(SAPF), fuzzy logic controller.

I. INTRODUCTION

Harmonics are one of the major concerns in a power
system. Harmonics cause distortion in current and voltage
waveforms resulting into deterioration of the power
system. The first step for harmonic analysis is the
harmonics from on-linear loads. The results of such
analysis are complex. Over many years, much importance
is given to the methods of analysis and control of
harmonics. Harmonics present in power system also has
non-integer multiples of the fundamental frequency and
have a periodic waveform. The harmonics are generated in
a power system from two distinct types of loads. First
category of loads is described as linear loads [1-2]. The
linear time-invariant loads are characterized such that
application of sinusoidal voltage results in sinusoidal flow
of current. on-linear loads are considered as the second
category of loads. The application of sinusoidal voltage
does not result in a sinusoidal flow applied sinusoidal
voltage for non-linear devices. Harmonic current is
isolated by using harmonic filters in order to protect the
electrical equipment from getting damaged due to
harmonic voltage distortion. They can also be used to
improve the power factor.

Generally, current controlled voltage source Inverters are
used to interface the intermittent RES in distributed
system. Recently, a few control strategies for grid
connected inverters intermittent RES in distribution
systems as it may pose a threat to network in terms of
stability, voltage regulation and power-quality (PQ) issues.
Therefore, the DG systems are required to comply with
strict technical and regulatory frameworks to ensure safe,
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reliable and efficient operation of overall network. With
the advancement in power electronics and digital control
technology, the DG systems can now be actively
controlled to enhance the system operation with improved
PQ at PCC. However, the extensive uses of power
electronics based incorporating PQ solution have been
proposed. In [3] an inverter operates as active inductor at a
certain frequency to absorb the harmonic current. But the
exact calculation of network inductance in real-time is
difficult and may deteriorate the control performance.

With the advancement in power electronics and digital
control technology, the DG systems can now be actively
controlled to enhance the system operation with improved
PQ at PCC. However, the extensive use of power
electronics based equipment and non-linear loads at
PCC[3]-[5] generate harmonic currents, which may
deteriorate the quality of power. The widespread increase
of non-linear loads nowadays, significant amounts of
harmonic currents is being injected into power systems.
Harmonic currents flow through the power system
impedance, causing voltage distortion at the harmonic
currents’ frequencies. The distorted voltage waveform
causes harmonic currents to be drawn by other loads
connected at the point of common coupling (PCC).
The advantages of fuzzy logic controllers over the
conventional Pl controller are that they do not need an
accurate mathematical model; they can work with
imprecise inputs, can handle nonlinearity, and may be
more robust than the conventional Pl controller. Use of
fuzzy logic for minimization of harmonics and
improvement of power quality is not a new issue rather
various authors have introduced some innovative
methodologies using these tools[5]. The most important
observation from the work reported by various researchers
for power quality improvement is the Design of active
power filter under ‘fixed load’ conditions or for loads with
slow and small variation [6]. As loads in practical life are
mostly variable, there is the need to design an active
power filter, which is capable of maintaining the THD
well within the IEEE norms [7], under variable load
conditions.
* Active current
« Reactive current
« Active current * Harmonic current
A.C. » _ Non-Linear
Main / Load

» Reactive current
« Harmonic current

Active power fiiter
(APF)

Fig.1. SAPF block diagram.

Fig. 1 shows the basic compensation principle of the three
phase shunt APF. It is designed to be connected in parallel
with the nonlinear load to detect its harmonic and reactive
current and to inject into the system a compensating
current. In the conventional p-theory based control
approach for the shunt APF, the compensation current
references are generated based on the measurement of load
currents. However, the current feedback from the SAPF
output is also required and therefore, minimum six CSs are
desired in a unbalanced system. In addition, the reference
current calculation algorithm are simplified and easily
implemented in the experimental prototype. In the reduced
current measurement control algorithm, sensing only
three-phase voltages, three source currents and a DC-link
voltage is adequate to compute reference currents of the
threephaseSAPF. In this way, the overall system design
becomes easier to accomplish and the total implementation
cost is reduced.
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Fig.2.Shunt active power filters topology.

Il. VOLTAGE SOURCE CONVERTERS

The active power filter topologies mostly use as voltage
source converters. This topology, shown in Figure 2,
converts a dc voltage into an ac voltage by appropriately
gating the power semiconductor switches. A single pulse
for each half cycle can be applied to synthesize an ac
voltage. For these purposes most applications requiring
dynamic performance, pulse width modulation is the most
commonly used for active power filter. PWM techniques
applied to control the VSI for consist of chopping the dc
bus voltage to produce an ac voltage of an arbitrary
waveform.
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Fig.3.Principle of Shunt Current Compensation.
Voltage source converters are preferred over current
source converter because it has higher efficiency and
lower initial cost than the current source converters [3, 4,
9]. They can be readily expanded in parallel to increase
their combined rating and their switching rate can be
increased if they are carefully controlled so that their
individual switching times do not coincide. Therefore,
higher-order harmonics can be eliminated by using
converters without increasing individual converter
switching rates. Because of non linear load current will
have harmonics, so load current will be the summation of
fundamental and all other harmonics, all harmonics will be
integer multiple of fundamental frequency. Load current
can be written as

I{t) = Z-. sin(roat & @) = §sinled 4 )+ i wiifiut 4 @,
: “ )
Instantaneous Load can be written as
pL(t) = vs(t) X iy (t) @

Putting value of i_(t) from equation (1) in equation (2)

pa(t) + pr(t) + pu(t) @
Here Pa(t) is active or fundamental power. Only
fundamental component of voltage and current can deliver
power to the load and Pg(t) is reactive power. Harmonic
power denoted by Py(t). So active or real power drawn by
the load from the source is

pa(t) = v, iysinfwt X cosg, = v (t) X i, (t) @)

Therefore, source current after compensation will be given
by equation (5)

l(f)‘p”‘yxu = {;Cos@y X sinwt = i, sinwt
o)

Where 'm = 11€05¢1
In a practical converter, there are switching, conducting
and capacitor leakage losses. So that losses must be

supplied by the supply or by the grid itself. So total current
supplied by supply will be given as

lsp = Im + Lsip

(6)
Where isp= peak current supplied by source. whereas =
loss current of converter supplied by the source.
If total harmonic and reactive power of the load is
supplied, by the Active Power Filter then there will not be
any harmonic in source current and source current will be
in phase with the source voltage. Therefore, the total
source current including losses will be given as i;(t) =
isp SinwtSo compensating current will be given as

(O =0@®-50

It is obvious from above discussion that for instantaneous
compensation of reactive power in addition, harmonic
power, source (grid) should be able to supply currenti;(t).
Therefore, it is necessary to find i;(t) which is known as
reference current.
IHILLESTIMATION OF REFERENCE SOURCE
CURRENT
The instantaneous currents can be written as

is (t) = if(t) - ic(t) (8)
Source voltage is given by

v.(t) = v, sinwt )

If a non-linear load is applied, then the load current will
have a fundamental component and harmonic components
which can be represented as

b= Z I, sinfnwt + ¢,)
n=1

(10)
i :Xtmu‘n‘xmp w I, sin(nwe + @) + sinCnaar + ¢ )
‘Z (11)
The instantaneous load power can be given as
o = :4‘,‘!.,\" WX gosdy + gl simat X cosul X ping, 4 X 1, sisfhair + 4,
= P(t) + B(t) + P (2)
(12)

From the real (fundamental) power drawn by the load is
Pr(t) =V, lysin*wt x cosgy = v,(t) x i.(t) (13)

From the source current supplied by the source, after
compensation is
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is(tj = B (t)/vi(t) = | cos@,sinat = I, Sinat

Where Ign=l1cos®1.
There are also some switching losses in the PWM
converter, and hence the utility must supply a small
overhead for the capacitor leakage and converter switching
losses in addition to the real power of the load. The total
peak current supplied by the source is therefore

‘rsp = fsm + Isl (15)
If the active filter provides the total reactive and harmonic
power, then is(t) will be in phase with the utility voltage
and purely sinusoidal. At this time, the active filter must
provide the following compensation current:

lL‘ (t) = "L (t) - ls(t) (16)
Hence, for accurate and instantaneous compensation of
reactive and harmonic power it is necessary to estimate,
i.e. the fundamental component of the load current as the
reference current. The design of the power circuit includes
three main parameters: Lc, Vdc, ref and Cdc.

(14)

A. SELECTION OF Lg, Vi rer and Cgye
The design of these components is based on the following
assumptions:
» The AC source voltage is sinusoidal.
» To design of Lc, the AC side line current
distortion is assumed to be 5%.
» Fixed capability of reactive power compensation
of the active filter.
» The PWM converter is assumed to operate in the
linear modulation mode (i.e. 0<ma<l1).
As per the compensation principle, the active filter adjusts
the current icl to compensate the reactive power of the
load [2]. If the active filter compensates all the
fundamental reactive power of the load, isl will be in
phase and icl should be orthogonal to Vs. The three-phase
reactive power delivered from the active filter can be
calculated from a vector diagram

3VsVer

e (1 - (va_l)) a7

i.e. the active filter can compensate the reactive power
from the utility only when V¢l > Vs.If the PWM converter
is assumed to operate in the linear modulation mode (i.e.
0<ma<l), the amplitude modulation factor ma is

m, =v, /(Vdc/z) (18)
Where v,=V2 V,, and hence V¢ = 2v2 V., for ma=1. The
filter inductor Lc is also used to filter the ripples of the

converter current, and hence the design of Lc is based on
the principle of harmonic current reduction. The ripple

Q1 =3Vl =

current of the PWM converter can be given in terms of the
maximum harmonic voltage, which occurs at the
frequency mfo:

Vch (mfw)

]ch (mfw) = mwa w9)
e

IV. PI CONTROL SCHEME

Owt
’ _ Actumting fP[?Pmlrwfl»'
. T ‘~).' Sional 0 onlroler
Vet—{ X } = Pl Controller—
N
v

Fig.4 APF Control scheme with PI controller.
The error signal is fed to Pl controller. The output of Pl
controller has been considered as peak value of the
reference current. It is further multiplied by the unit sine
vectors (usa, usb, and usc) in phase with the source
voltages to obtain the reference currents (iss , isp , and isc ).
These reference currents and actual currents are given to a
hysteresis based, carrier less PWM current controller to
generate switching signals of the PWM converter [5]. The
difference of current template and actual current decides
the operation of switches. These switching signals after
proper isolation and amplification are given to the
switching devices. Due to these switching actions current
flows through the filter inductor Lc, to compensate the
harmonic current and reactive power of the load, so that
only active power drawn from the source.
V. FUZZY LOGICCONTROLLER

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
power system [5]. 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 converter.
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
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
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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 vyields non fuzzy control action from an
inferred fuzzy control action [10].
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Fig.5. General Structure of the fuzzy logic controller.
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]..
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Fig.6. Block diagram of the Fuzzy Logic Controller (FLC)for proposed
converter.
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Fig.7. Hysteresis current Modulation
With the hysteresis control, limit bands are set on either
side of a signal representing the desired output waveform
[6]. The inverter switches are operated as the generated
signals within limits. The control circuit generates the sine
reference signal wave of desired magnitude and frequency,

and it is compared with the actual signal. As the signal

exceeds a prescribed hysteresis band, the upper switch in

the half bridge is turned OFF and the lower switch is

turned ON. As the signal crosses the lower limit, the lower

switch is turned OFF and the upper switch is turned ON.

The actual signal wave is thus forced to track the sine

reference wave within the hysteresis band limits.
VI.MATLAB/SIMULATIONS RESULTS

Here, the simulation results presented in different cases:

casel: without APF

case2: with APF and PI controller.

case3: with APF and fuzzy logic controller.

Casel: without APF

1)

A - )
| 2 ¥ 8

Fig.8.Matlab/Simulink Model of without Shunt active power filters
topology with PI controller.

Fig.13.source voltage,source current and load current without APF

Fig.10.Source Voltage and Current are in Phase without APF
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Fig.15. source current THD for PI controller.

Case3: with APF and fuzzy logic controller.

Case2: with APF and PI controller
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Fig.12.Matlab/Simulink Model of with Shunt active power filters
topology with PI controller.

Fig.16.Matlab/Simulink Model of control diagram for Shunt active
power filters topology with fuzzy logic controller.
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Fig.17.source current, load current,inverter current and source voltage
with fuzzy logic controller.
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Fig.14.Source Voltage and Current are in Phase Using PI Controller.

Fig.18.Source Voltage and Current are in Phase Using fuzzy Controller.
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Fig.19.source current THD for fuzzy logic controller.

VII. CONCLUSION

Pl and Fuzzy controller based shunt active power filter
simulated n MATLAB are implemented for harmonic and
reactive power compensation of the non-linear load at
PCC. It is found from the simulation results that shunt
active power filter improves power quality of the
distribution system by eliminating harmonics and reactive
power compensation of non-linear load. The Source
current THD is 1.87% for PI controller and 0.22% for
fuzzy controller. So we conclude that fuzzy controller has
the better performance compared to Pl controller. The
HCPWM control has successfully eliminated the
harmonics and improved the power factor in supply side.
The simulation results show the efficiency of the fuzzy
logic controller in maintaining the DC voltage set point.
Future work, the neuro control technique can be applied to
study the proposed system further
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