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ABSTRACT

This paper presents a review of the state of the
art techniques in active power filters and
reactive power compensation. The presentation
and subdivision of these techniques is
discussed in detail with their merits and
demerits. Latest research work in the field of
controlling techniques has also been given.
This is important for design engineers and
researchers in Power Quality to enable them to
select the correct system for their specific
applications.

INTRODUCTION

Since the sudden increase in number of small
nonlinear loads, such as computers, T.V. sets,
etc., the issue of power quality became very
important to the power electronics industry. It
is well recognized that impending supply
quality legislation will soon demand that even
the existing levels of harmonic pollution and
reactive powers be reduced in distribution
networks. The solution for many installations
will be to install global power system
conditioners (active filters and reactive power
compensators) at the points of common
coupling. Hence the study of active power
system conditioner solutions is becoming
extremely popular [4].

This review paper critically classifies the
available active power system conditioning
techniques according to their suitability from
the point of view of the power circuit and
control techniques. This leads ultimately to the
provision of the main guidelines for choosing

The appropriate power system conditioner
required for power system application [18].

The various researches done in this field are
discussed under the following heads:

1. Compensated System Parameters
(a) Reactive Power
(b) Harmonics
(c) Balancing

2. Power circuit configuration and
connections

3. Control and Reference estimation
Techniques

1. Compensated System Parameters:

I. Pulse Width Modulated (PWM) static
VAR compensator:

To overcome the problems associated with
thyristor switched capacitor and thyristor
controlled inductor static var compensators,
PWM static var compensator using self
commutated switches have been proposed in
the literatures. Different converter topologies
have been reported, viz.

a) PWM Inverter Configurations
b) Multi bridge Inverter Configurations

A) Pulse Width Modulated (PWM) inverter
configurations:

Based on PWM inverter two reactive VAR
compensation configuration are used

- Voltage Source PWM Inverter
- Current Source PWM

Voltage Source PWM (VS-PWM) inverter:

Fig. 1 (a) shows the schematic
diagram of the VS-PWM Inverter based static
var compensator. The energy storing elements
is the dc link capacitor. Here, the VAR is
supplied by controlling the output voltage of
the inverter. If the output voltage is greater
then the supply voltage, it supplies vars to
meet the reactive demand of the load, and if
the output voltage is less then the supply
voltage it absorb the reactive power [2, 3, 22].

Current Source PWM (CS-PWM) inverter:

Fig. 1 (b) shows the schematic diagram of the
CS-PWM Inverter based Static var
compensator. The energy storing element is
inductor, which provides the reactive current
to produce reactive power. The CS-PWM
inverter is operated as dc/ac converter with
inductor as its load on the converter. By
controlling the current magnitude, reactive
power can be supplied or absorbed by the load.
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Fig. 1 Schematic Diagram of PWM Inverter

PWM Inverter based static VAR compensator
can supply both inductive and capacitive
VARS dynamically Inverter [2, 3, 7, 23].
Limitations of the PWM Inverter scheme are:

 More complex in terms of control.
 The PWM inverter injects low order
switching frequency harmonics into the
utility.
 The ratings of PWM inverter based

VAR compensators are limited, due
to limited power ratings of fully
controlled semiconductor switches.

B) Multi bridge inverter configurations:

Fig. 2 shows the basic configurations of the
multi bridge VAR compensator. In this
scheme, PWM inverters are connected in series
to raise the capacity and voltage rating of VAR
compensator. The PWM inverters are
connected to the utility through a transformer.
The transformer primary windings are series
connected star and the secondary windings are
parallel connected. Since, the lowest order
harmonics are multiplied with the no of stages,
therefore the lowest order harmonics number is
shifted upwards. The scheme has the
disadvantage of complex control, bulky input
transformer and requires large no. of controlled
power semiconductor devices.
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Fig. 2 Multi Bridge Inverter Configuration

parallel or auxiliary converter is operated in
the controlled current mode to eliminate the
remaining higher order harmonics generated
by the main converter [ 22, 23].

II. Harmonic compensation:

Nowadays, this is the most important
parameter requiring compensation in power
system. It incorporates both voltages and
current harmonics. The harmonic in the power
system may result from reactive power
compensation devices which them self
generate considerable amount of harmonics
[2].

Compensating voltage harmonics is not
widely addressed because usually power
supplies have low impedance. The terminal
voltages at the PCC is normally maintain with
in the standard limits for voltage sag and total
harmonics distortion. This problem is usually
important for harmonics-voltage sensitive
devices, which required the supply to be purely
sinusoidal, such as power system protection
devices [11, 28]

The problem relating to current harmonics
is much more important in low and medium
power applications and is covered in various
publications. The compensation of current
harmonics reduces to a great extent the amount
of distortion in the voltage at the point of
common coupling since the compensations of
voltage and current harmonics are interrelated
[6].

Multiple compensation can be used to
improve the effectiveness of compensators.
Harmonic current and reactive power are the
best candidates in order to maintain the supply
current voltage. In this case, only one
compensator is major advantage from the point
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of view of flexibility but reduces the power
capabilities of the compensator.

Moreover, the compensation of harmonics in
both voltages and current can be implemented
in conjunction with reactive power
compensation. The circuit in this case would
require the presence of series and shunt
compensator leading to better compensation
characteristics in the power system.

The imposition of the harmonics standards
will soon oblige factories and establishment to
control the amount of harmonics they inject
into the power system.

III. Balancing of Unbalanced Three phase
systems.

This problem exists mainly in low and medium
voltage distribution systems where the currents
and consequently the voltage imbalance and
the voltages in the three phases are not
balanced and are not spaced in time by 1200

apart [13].
The degree of system imbalance depends on

the amount of voltage imbalance and the
magnitude of supply impedance. The remedy
to this problem is to either reduce the reactive
component of the supply impedance or to add
to each phase the corresponding amount of
instantaneous voltage to force it to follow the
sinusoidal reference waveform.

The magnitudes of currents to be supplied to
the grid depend entirely on the amount of
imbalance in the system, which mostly occurs
in low voltage distribution system for
residential loads. The compensator under
consideration would sometimes be forced to
supply the rated value of current, which limits
its power handing capabilities.

2. Power circuit configuration and
connections

In the last twenty years, the applications of
power system conditioners have widely grown
and resulted in a plethora of circuits that
manipulate system variables differently. The
circuits are grouped into two main
subdivisions namely, harmonics generating
circuit, which constitute the conventional
techniques for reactive power compensation.
The other group includes modern (non
harmonic generating) circuits, which can be
used to serve as both active power filters and
reactive power compensators.

(i) Harmonic generating circuits:

This category of circuit serves only the
purpose of reactive power compensation. This

conventional type is more in use in industry
despite the fact that it generates a considerable
amount of harmonics, which infiltrate the
power system and cause the voltages and
current waveforms to be distorted [1, 33, 34].

(ii) Non Harmonic generating circuits:

The different modules of active filters come
under this subheading. Various types of active
filters have been proposed in many technical
literatures [11, 17, 26, 27, 28]. The term active
filter is a generic one which applies to a group
of power electronic circuits incorporating
power semiconductor devices for switching
function and passive components as inductor
and capacitor as energy storage elements. They
are used for achieving one or more desired
functions amongst controlling current/ voltage
harmonics, reactive power compensation (for
near unity p.f of the system  and for load
balancing of unbalanced three phase systems.
They are active DC filters and active AC
filters. Active DC filters are primarily used in
HVDC systems. Active filters that are used to
compensate these voltage harmonics are called
harmonic dc filters. Active AC filters are
discussed below:

Active AC filters:

This class of active filters is classified as given
below:

1) Shunt Active Power Filters
2) Series Active Power Filters
3) Combination of Series-Shunt Active
Power Filters
4) Hybrid Active Power Filters

1) Shunt active power filters:

This class of filters constitutes the most
important and widely used filter configuration
in industrial processes. The concept of the
shunt active power filter is based on harmonic
cancellation by the act of injecting equal but
opposite harmonic currents into the supply line
by means of solid-state converter circuits as
shown in Fig. 3. Normally these filters are
connected in parallel with the load, and carry
only a fraction of the fundamental load current.
Furthermore, they can be designed to provide
compensation for all of the system non-
linearities at the point of common coupling
(PCC) under distorted and non-distorted
supply [11, 17].

These filters have disadvantage of injection
of switching frequency harmonics in the
system and hence these filters are limited to
low-medium power range only.
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Fig.3  Line Diagram of Shunt Active Filter

2) Series active power filters:

The active power filter in this configuration
produces a PWM voltage waveform, which is
added/subtracted, on the instantaneous basis,
to force the supply voltage to maintain a pure
sinusoidal voltage waveform across the load.
The line diagram of power circuit
configuration is shown in Fig. 4. The inverter
configuration accompanying such a system is a
voltage fed-inverter without any current
control loops. Series active filters are less
common industrially than the shunt active
filters. This is due to the fact that the series
filter is required to handle full load current that
increases its current ratings considerably
compared with shunt filters and hence is the
major disadvantage of this topology. It is used
mainly for eliminating voltage harmonics and
for balancing unbalanced three phase load
circuits [11,17].
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Fig.4 Line Diagram of Series Active Filter

3) Combination of series-shunt active
power filters:

Fig. 5 shows the line diagram of the
combination of the shunt active and series
active filter. The major functions of the series
filter are to provide voltage harmonic isolation
between the supply side and the load side,
voltage regulation, voltage flicker and/or
imbalance compensation at the point of
common coupling (PCC). The main functions
of the shunt active filter is to act as harmonic
sink, however this may also be used to

provide reactive power compensation and dc
link voltage regulation between the filters.
This combination is generally known as
“Unified Power Flow Controller (UPFC)” or
“Unified Power Quality Conditioner (UPQC)”.
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Fig. 5 Line Diagram of Combination of
Shunt Active Filter and Series Active Filter

The main disadvantage of this combination is
the complex control circuit; this is due to the
dependency of switching of the shunt and
series active filter [28].

4) Hybrid Active Power Filters:

A kind of hybrid filter is shown in Figure 6. It
is a combination of an active series and shunt
passive filter. This is quite prominent because
the solid-state devices used in the active series
part can be reduced in size and cost (about 5%
of the load size) and a major part of the hybrid
filter is made of the passive shunt L-C filter
used to eliminate lower order harmonics. It has
the capability of reducing voltage and current
harmonics at a reasonable cost. There are
many other types of hybrid filters, which offer
the advantages of the individual types included
in them [26], [27].

Figure 6 Line Diagram of Series Active and
Shunt Passive Hybrid Filter

2. Control and Reference estimation
Techniques:
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The schematic block diagram used for
control of active filters is as given below
in Fig. 7.
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Fig 7 Block Diagram Used For Control of
Active Filters

Here all the variables i.e Source current, load
current, filter current and the voltage across the
dc link capacitor are sensed.

The sensed signals are sent to the reference
estimation block when certain calculations are
done on the diff signals to generate the
reference current that is to be drawn from the
supply.

This reference signal is compared with its
corresponding sensed signal and provided to
the PWM signal generator and the system
controller block to generate the desired firing
pulses for the active filter switches.

The different control strategies used in
active filters:

(I) Optimization techniques:

The optimisation procedure is mainly suitable
for switched capacitor and lattice filter circuits.
The key to controlling these filters is to
determine the appropriate switching function
for the switches. The main task of the
controller is to minimise a predetermined
number of individual load current harmonics;
in addition to the minimisation of THD. A
time delay exists between the detection of a
change in the harmonic current and the
application of the new set of switching angles
obtained from the optimisation procedure. This
technique is mainly suitable for constant or
slowly varying loads [2, 7].

(II) Constant Capacitor voltage technique:

This technique is utilized for both single and
three phase inverter configurations with a
capacitor in the dc link. It relies on the fact that
if the output voltage of the active filter (Vf) is
kept constant, then The active power flowing
in the active filter is zero. Thus in the active
filter a reactive power flows that cancels the
reactive power generated by the non-linear
load. Often this logic is used in the outer loop
which consists of a comparison of active filter
instantaneous capacitor voltage and a fixed
reference voltage. The error generated is
multiplied by a sine wave( unit amplitude and
in phase with the supply voltage) which
provides the in phase of current with the
supply voltage required to cater to the
switching losses in the capacitor. This along
with the load current reference obtained from
the inner loop is send to the current controller
to generate the firing pulse [14].

The inner loop in this case consists of a
current comparison to obtain the fundamental
component of load current. There are two
methods for sensing in this case:

i)  Sensing the load current
ii) Sensing the source current

The current controller is implemented by
using either:

(i) PI based triangularization of error
control:

The triangular wave method is a very simple
technique to implement but the main
disadvantages of this technique are very high
switching losses and high frequency distortion.
The high losses are the result of fast switching
rates. A switching action is done either two
times or four times for each period of the high
frequency carrier [5, 9, 11, 19]
.
(ii) Hysteresis band control:

It has also a very fast response times, but they
incur fewer switching losses than do triangular
wave based methods [2, 5]. Rather than using a
high frequency carrier wave to control the
switching rate, switching occurs only when the
error leaves the specified band. Very good
results have been shown using these results
[12, 15].

(iii) Sliding Mode control:

This also provides good results but has a very
complex logic which is difficult to implement
[35].



(iv) Other Techniques:

Other control techniques simply include small
changes to the aforementioned techniques
providing simply newer or better performance
over their predecssors. These techniques may
include the state of art adaptive, predictive and
sliding mode controllers, which are normally
difficult to implement without of DSPs These
techniques can be implemented either in time
or frequency domain [7, 10, 24, 35].

Reference estimation techniques:

Estimation of the reference signals for
compensation is most essential part of active
filter control [5]. The techniques used to
generate compensation commands are based
on synthesis and calculation of reference
signal.

Estimation of reference current/voltage
based on synthesis:

This technique uses the analogue signal filter
to determine the harmonics contained in
supply current or voltage. The technique is
preferred because of its simplicity and easy
implementation, using analogue devices.
However, it suffers from a serious drawback,
of considerable phase and magnitude errors,
introduced by the filter [18].

Estimation of reference current/voltage
based on calculation:

Harmonics calculation techniques are usually
adopted to overcome the main drawback of the
synthesis technique. Most conventional
methods of calculation can be classified either
as time-domain or frequency-domain and other
modern techniques based on expert system.

Time domain techniques:

Control methods of active filters in time
domain are based on deriving instantaneous
compensating commands in the form of
voltage or current signals from distorted
harmonic-polluted voltage or current signals
[5]. Several techniques are reported in the time
domain, which are referred to as instantaneous
reactive power theory [16, 22], synchronous
reference frame theory [11], and flux based
controller [13], etc.

Instantaneous Reactive Power Theory:

This technique is suitable for three phase
systems only. The instantaneous load power is

calculated and separated into a DC and an
oscillating component over a fixed interval of
time. The reference signals are then calculated
by distributing the total current equally to each
of the three phases, under the assumption of
balance three phase system and purely
sinusoidal waveform. Under distorted supply
the performance of this technique is known to
be poor [16, 22].

Synchronous Reference Frame Theory:

This technique uses park’s transformation to
transform the three-phase system from a
stationary reference frame to synchronously
rotating d-q-0 sequence components. These
can be analyzed since the fundamental
frequency component is transformed into DC
quantities. The active and reactive components
of the system are represented by the direct and
quadrature components, respectively. The
system is stable since the controller deals
mainly with DC quantities. This method is also
applicable only to three-phase systems [11].

Flux based controller:

This technique is similar to the synchronous
reference frame theory, in applying Park’s
transformation to transfer the system into
synchronously rotating d-q-0 sequence frames
of reference. However, it applies the
transformation on the flux linkage of the filter
inductance, which is then controlled using the
output voltages and current in separate integral
loops [13].

Frequency domain techniques:

Frequency domain techniques are based on the
fourier analysis of the distorted voltage or
current signals to extract compensating
commands. Different methods are reported
[5].

Conventional fourier and FFT method:

Using Fast Fourier Transform, the harmonic
current can be reconstructed by eliminating the
fundamental component from the transformed
current signal and then the inverse transform is
applied to obtain a time-domain signal [5]. The
main disadvantage of this method is the
accompanying time delay. This technique
needs to take samples of at least one complete
cycle to generate the Fourier coefficient and is
therefore suitable for slowly varying load
conditions.

Sine-multiplication techniques:



This method relies on the process of
multiplying the current signal by a reference
sine wave of the fundamental frequency and
from the resulting signal, high order harmonics
are eliminated using a simple low pass filter
[8].

Other algorithms:

There are numerous other optimisation and
estimation techniques and all the utilities and
libraries for estimation can be used to perform
this task. However some new methods arise,
such as the neural network and the adaptive
estimation, DSP, genetic algorithm, fuzzy
logic techniques, which are quite accurate and
have, must better response [29, 30, 31, 32, 34].

CONCLUSION

The paper presented a brief and critical
evaluation of each of the subdivision
techniques supported with list of references.
This paper will help research workers, users
and suppliers of electrical power to gain an
overview and an inspiration for further
research on the subject of active filters and
reactive power compensation.
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