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I. Introduction
In recent years, more power electronics are being appliedin 
distribution networks. For example, wind powerand solar 
energy are integrated into the network bymeans of currentsource 
converters (CSCs) and/or voltage-source converters(VSCs) [1]–
[5]. The network also often provides power supplyto various types 
of nonlinear loads, such as three-phase diode/thyristor rectifiers for 
medium-voltage (MV) motor drives [6]or large power industrial 
electrolysis [7]. Since the action ofpower electronics is inherently 
nonlinear, it inevitably bringspower-quality (PQ) problems to the 
distribution network and tothe power-supply system connected 
to the network [8], [9].
Active power filtering is an effective way to solve the PQ 
problems.

II. Active Filters
There are basically two types of active filters: the shunt type 
and the series type. It is possible to find active filters combined 
with passive filters as well as active filters of both types acting 
together.
Fig. 1 presents the electrical scheme of a shunt active filter for 
a three-phase power system with neutral wire, which is able 
to compensate for both current harmonics and power factor. 
Furthermore, it allows load balancing, eliminating the current in 
the neutral wire. The power stage is, basically, a voltage-source 
inverter with only a single capacitor in the DC side (the active 
filter does not require any internal power supply), controlled in a 
way that it acts like a current-source. From the measured values 
of the phase voltages (va, vb, vc) and load currents (ia, ib, ic), the 
controller calculates the reference currents (ica*, icb*, icc*, icn*) used 
by the inverter to produce the compensation currents (ica, icb, icc, 
icn). This solution requires 6 current sensors and 4 voltage sensors, 
and the inverter has 4 legs (8 power semiconductor switches). 
For balanced loads without 3rd order current harmonics (three-
phase motors, three-phase adjustable speed drives, three-phase 

controlled or non-controlled rectifiers, etc) there is no need to 
compensate for the current in neutral wire. These allow the use 
of a simpler inverter (with only three legs) and only 4 current 
sensors. It also eases the controller calculations.
Fig. 2 shows the scheme of a series active filter for a three-phase 
power system. It is the dual of the shunt active filter, and is able 
to compensate for distortion in the power line voltages, making 
the voltages applied to the load sinusoidal (compensating for 
voltage harmonics). The filter consists of a voltage-source inverter 
(behaving as a controlled voltage source) and requires 3 single-
phase transformers to interface with the power system. The series 
active filter does not compensate for load current harmonics but 
it acts as high-impedance to the current harmonics coming from 
the power source side. Therefore, it guarantees that passive filters 
eventually placed at the load input will not drain harmonic currents 
from the rest of the power system. Another solution to solve the 
load current harmonics is to use a shunt active filter together with 
the series active filter (Fig. 3), so that both load voltages and the 
supplied currents are guaranteed to have sinusoidal waveforms.
Shunt active filters are already commercially available, while the 
series and series-shunt types are yet at prototype level.
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III. The p-q theory
In 1983, Akagi et al. [1, 2] have proposed the “The Generalized 
Theory of the Instantaneous Reactive Power in Three-Phase 
Circuits”, also known as instantaneous power theory , or p- q 
theory. It is based on instantaneous values in three-phase power 
systems with or without neutral wire, and is valid for steady-state 
or transitory operations, as well as for generic voltage and current 
waveforms. The p-q theory consists of an algebraic transformation 
(Clarke transformation) of the three-phase voltages and currents 
in the a-b-c coordinates to the α-β-0 coordinates, followed by the 
calculation of the p-q theory instantaneous power components:

p0= mean value of the instantaneous zero-sequence power – 
corresponds to the energy per time unity which is transferred 

from the power supply to the load through the zero-sequence 
components of voltage and current.
~p0 = alternated value of the instantaneous zero-sequence power – 
it means the energy per time unity that is exchanged between the 
power supply and the load through the zero-sequence components. 
The zero-sequence power only exists in three-phase systems with 
neutral wire. Furthermore, the systems must have unbalanced 
voltages and currents and/or 3rd harmonics in both voltage and 
current of at least one phase.
p= mean value of the instantaneous real power – corresponds to 
the energy per time unity which is transferred from the power 
supply to the load, through the a-b-c coordinates, in a balanced 
way (it is the desired power component).
~p = alternated value of the instantaneous real power – It is the 
energy per time unity that is exchanged between the power supply 
and the load, through the a-b-c coordinates.
q = instantaneous imaginary power – corresponds to the power 
that is exchanged between the phases of the load. This component 
does not imply any transference or exchange of energy between 
the power supply and the load, but is responsible for the existence 
of undesirable currents, which circulate between the system 
phases. In the case of a balanced sinusoidal voltage supply and a 
balanced load, with or without harmonics, q (the mean value of 
the instantaneous imaginary power) is equal to the conventional 
reactive power (q = 3 ⋅V⋅I1⋅sinφ1).

IV. The p-q theory applied to shunt active filters
The p-q theory is one of several methods that can be used in the 
control active filters [3-11]. It presents some interesting features, 
namely:

It is inherently a three-phase system theory.• 
It can be applied to any three-phase system (balanced or • 
unbalanced, with or without harmonics in both voltages and 
currents); 
It is based in instantaneous values, allowing excellent dynamic • 
response; 
Its calculations are relatively simple (it only includes • 
algebraic expressions that can be implemented using standard 
processors); 
It allows two control strategies: constant instantaneous supply • 
power and sinusoidal supply current. 

As seen before, p is usually the only desirable p-q theory power 
component. The other quantities can be compensated using a shunt 
active filter (Fig. 5). As shown by Watanabe et al. [12, 13], p0 can 
be compensated without the need of any power supply in the shunt 
active filter. This quantity is delivered from the power supply to 
the load, through the active filter (see Fig. 5). This means that the 
energy previously transferred from the source to the load through 
the zero-sequence components of voltage and current, is now 
delivered in a balanced way from the source phases.
It is also possible to conclude from Fig. 5 that the active filter 
capacitor is only necessary to compensate ~p and ~p0, since these 
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quantities must be stored in this component at one moment to be 
later delivered to the load. The instantaneous imaginary power ( q 
), which includes the conventional reactive power, is compensated 
without the contribution of the capacitor. This means that, the size 
of the capacitor does not depend on the amount of reactive power 
to be compensated.

In order to obtain the reference compensation currents in the a-b-c 
coordinates the inverse of the transformation given in expression 
(1) is applied:

The calculations presented so far are synthesized in Fig. 6 and 
correspond to a shunt active filter control strategy for constant 
instantaneous supply power. This approach, when applied to a 
three-phase system with balanced sinusoidal voltages, produces 
de following results (Fig. 8):
- The phase supply currents become sinusoidal, balanced, and in 
phase with the voltages. (in other words, the power supply “sees” 
the load as a purely resistive symmetrical load);
- The neutral current is made equal to zero (even 3rd order current 
harmonics are compensated);
- The total instantaneous power supplied,
p3s ( t ) = va⋅isa+ vb⋅isb+ vc⋅isc(8)
is made constant.
In the case of a non-sinusoidal or unbalanced supply voltage, the 
only difference is that the supply current will include harmonics 
(Fig 9), but in practical cases the distortion is negligible.

The sinusoidal supply current control strategy must be used when 
the voltages are distorted or unbalanced and sinusoidal currents 
are desired. The block diagram of Fig. 7 presents the calculations 
required in this case. When this approach is used the results, 
illustrated in Fig. 10, are:
-  The phase supply currents become sinusoidal, balanced, and 

in phase with the fundamental voltages;
-  The neutral current is made equal to zero (even 3rd order 

current harmonics are compensated);
-  The total instantaneous power supplied ( p3S ) is not made 

constant, but it presents only a small ripple (much smaller 
than before compensation).

The practical implementation of the shunt active filter demands 
the regulation of the voltage at the inverter DC side (Vdc- the 
capacitor voltage) as suggested in Fig. 6 and Fig. 7, where Vref 
is the reference value required for proper operation of the active 
filter inverter.
Figures 8, 9 and 10, present simulation results using Matlab/
Simulink [14, 15] for a three-phase power systemwith a shunt 
active filter. They include the following waveforms, corresponding 
to two-cycles of steady-state operation: total instantaneous power 
at load and source, phase voltages, load and source currents (phase 
and neutral currents). Inthe cases with distorted voltages the voltage 
total harmonic distortion (THD) is equal to 10%, which is a higher 
valuethan what is regulated by any power quality standard.
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V. Conclusion
Active filters are an up-to-date solution to power quality problems. 
Shunt active filters allow the compensation of current harmonics 
and unbalance, together with power factor correction, and can be 
a much better solution than the conventional approach (capacitors 
for power factor correction and passive filters to compensate for 
current harmonics).This paper presents the p-q theory as a suitable 
tool to the analysis of non-linear three-phase systems and for 
the control of active filters. Based on this theory, two control 
strategies for shunt active filters were described, one leading to 
constant instantaneous supply power and the other to sinusoidal 
supply current.
The implementation of active filters based on the p-q theory 
are cost-effective solutions, allowing the use of a large number 
of low-power active filters in the same facility, close to each 
problematic load (or group of loads),avoiding the circulation of 
current harmonics, reactive currents and neutral currents through 
the facility power lines.

VI. Literature Review
In 1984, Akagi et. al. [22] defined the conventional reactive power 
in single-phase or three- phase circuits on the basis of the average 
value concept for sinusoidal voltage and current waveforms in 
steady states. The instantaneous reactive power in three-phase 
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circuits is defined on the basis of the instantaneous value concept 
for arbitrary voltage and current waveforms, including transient 
states. A new instantaneous reactive power compensator comprising 
switching devices was proposed which required practically no 
energy storage components.
In 2005, Z. Chen et al. [1] presented a hybrid compensation system 
consisting of an active filter and distributed passive filters in his 
paper. In the system, each individual passive filter is connected to 
a distortion source and designed to eliminate main harmonics and 
supply reactive power for the distortion source, while the active 
filter is responsible for the correction of the system unbalance 
and the cancellation of the remaining harmonics. The paper also 
analyzes the effects of the circuit configuration on the system 
impedance characteristics and consequently the effectiveness 
of the filter system. Entire research was done on simulation 
softwares.
Sincy George and Vivek Agarwal in January 2007 proposes 
proliferation of nonlinear loads in the power system has led to the 
appearance of non-sinusoidal voltage waveforms. Asymmetrical 
distribution of large 1- loads further complicates the issue by 
causing imbalance in the 3- supply voltage. Such a supply can 
adversely affect the equipment sensitive to voltage waveform 
quality. Hence, voltage compensation is desirable. A series active 
filter can be used for this purpose, but its performance must be 
optimized in the presence of distorted line current waveforms. 
Under non sinusoidal voltage and current conditions, it is not 
possible to reduce the voltage distortion to any desired level 
without compromising with the power factor. This paper presents 
a new control algorithm for a series active filter which optimizes 
the power factor, balances the voltages, and limits the voltage total 
harmonic distortion and ensures a high-quality voltage supply to 
sensitive loads. It does not use theory and is also applicable to 
1- systems. All details of this work are presented.
In June 2010, Akagi et al. [6] presented a transformer less hybrid 
active filter integrated into a medium-voltage motor drive for 
energy savings. This hybrid filter is intended for line harmonic-
current mitigation of the three-phase diode rectifier used as the 
front end of the motor drive. It is based on direct connection of a 
passive filter tuned to the seventh-harmonic frequency in series 
with an active filter using a three-level pulse width modulated 
(PWM) converter. This paper provides a theoretical discussion 
on voltage-balancing control of two split dc capacitors of the 
active filter. They designed 400-V 15-kW motor drive system 
downscaled model from a medium-voltage motor drive without 
regenerative braking and tested on it. Experimental results verified 
that the hybrid filter had the capability of satisfactory harmonic 
filtering and stable voltage balancing in all the load conditions.
María Isabel Milanés-Montero, Enrique Romero-Cadaval and 
Fermín Barrero-González in JUNE 2011 proposed a novel 
multiconverter conditioner topology and its control stage in this 
paper. It is formed by an active conditioner in parallel with a 
hybrid conditioner composed of an active filter in series with one 
or more passive filters. This topology allows the reduction of the 
inverter ratings, constituting an effective solution at high-power 
levels. Collaborative control strategies are developed for the new 
topology, which share the compensation objectives between the 
two converters. These control strategies and the tracking techniques 
are based on estimating the load current, achieving new algorithms 
with a reduction in the number of meters in the control stage. The 
conditioner operates properly in three-phase four-wire systems 
reducing the harmonic distortion and/or imbalance and attaining 

the unity displacement power factor. Experimental results are 
included for the testing ofthe topology and its control.
Hirofumi Akagi, Fellow, IEEE, and Kohei Isozaki in JANUARY 
2012 describes a hybrid active filter intended for mitigating the 
line-side harmonic currents of a three-phase12-pulse diode rectifier 
used as the front end of a medium-voltage high-power motor drive. 
This hybrid filter is characterized by series connection of a simple 
LC filter and a small-rated active filter. This circuit configuration 
brings low cost, small size, and light weight to the hybrid filter. 
A three-phase experimental system rated at 400 V and 15 kW is 
designed, constructed, and tested, which is a downscaled model 
of the medium-voltage motor drive system.In this experiment, the 
LC filter is tuned to the 11th-harmonic frequency, and the active 
filter is based on a three-level neutral point- clamped pulse width 
modulation converter (NPCPWM) with a dc capacitor voltage as 
low as 28 V. This hybrid filter is connected on either first or fourth 
winding of a line-frequency transformer with a first Δ-winding 
voltage of 400 V in the primary, and a second Δ-winding voltage of 
220 V, a third Y-winding voltage of 220 V, and a fourth Δ-winding 
voltage of 400 V in the secondary. Experimental results show that 
the hybrid filter performs satisfactory filtering in a range from 
no-load to full-load conditions.
Chi-Seng Lam, Wai-Hei Choi,Man-Chung Wongand Ying-Duo 
Hanin APRIL 2012 presents a novel adaptive dc-link voltage 
controlled LC coupling hybrid active power filter (LC-HAPF) 
for reducing switching loss and switching noise under reactive 
power compensation. First, the mathematical relationship between 
LCHAPF dc-link voltage and reactive power compensation range 
is deduced and presented. Based on the compensation range 
analysis, the required minimum dc-link voltage with respect to 
different loading reactive power is deduced. Then, an adaptive 
dc-link voltage controller for the three-phase four-wire LC-HAPF 
is proposed, in which the dc-link voltage as well as the reactive 
power compensation range can be adaptively changed according to 
different inductive loading situations. Therefore, the compensation 
range, switching loss, and switching noise of the LC-HAPF can 
be determined and reduced correspondingly. In this paper, the 
reference dc-link voltage is classified into certain levels for 
selection in order to alleviate the problem of dc voltage fluctuation 
caused by its reference frequent variation, and hence reducing the 
fluctuation impact on the compensation performances. Finally, 
representative simulation and experimental results of a three-
phase four-wire centersplit LC-HAPF are presented to verify the 
validity and effectiveness of the proposed adaptive dc-link voltage-
controlled LC-HAPF in dynamic reactive power compensation.
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