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Abstarct - This work presents the result of a research
about the state of the art in Active Power Filters
(APF's). The study envolved 125 references analyzing
aspects such as types of converters, types of switchs
used and switching techniques, functions of the APF's,
topologies of the APF's and electric systems, and,
finally, control strategies.

According to the bibliography it relates the main
characteristics of the APF’s. In some cases these
references take into account their chronological
factors in order to point out its thecnological evolution.
Concludes for emphasizing that the field of
technological development is still open for employing
these equipments.

1. INTRODUCTION
The increase of loads and non-linear equipments in the

power systems have been demanding the compensation of
the disturbances caused for them.

Clark [1], mention that, in agreement with EPRI
(Electric Power Research Institute), 35 to 40% of the
energy flow through the electronic equipments. Until the
year 2000, they will be around 60%.

Created during the 70's [4], the APF's has been
technically developing in a way to assist new demands
and requirements, with na incressing efficiency. The
evolution of the technology of the semiconductor switchs,
the converters of the power electronics, the mensuration
strategies and the control have been allowing a broader of
the APF’s.

The instantaneous power theory proposed by Akagi
[2,3] finds an important application in the APF's
generating new alternatives for the compensation of
harmonic and unbalances.

Initially, APF's assisted only a small capacity.
However, nowadays, they reach powers around MW
allowing them to be used in the distribution systems and
the transmission lines.

In [4], Akagi, affirms that in 1995, more than 300 shunt
(or parallel) APF’s with PWM control using IGBT's or
GTO's were operating in Japan, with ratings ranging of 50
kVA to 50 MVA.

2. TYPES OF CONVERTERS
The majority of the PWM converters analized in this

study is voltage source converters (VSC) [5-14], or
current souce convertrs (CSC) [15]. However, the

majority of them is VSC, because the present stage of
technological development still finds large difficulties
with the  CSC's. There for, this work was mainly devoted
to VSC's (Fig.1). Some converters PWM, have just the
aim of the reactive compensation [2,3,5,8,10,12,14, 15-
29,31,32,47-49,57,58,61,64,66,67,73-75,77,78,87,88, 90-
93,97,100,102,105,106,111-113,116,117]. They control
the power factor of the loads or the flow of the reactive
power in the transmission lines therefore, regulating the
tension and/or improving the stability either dynamic or
static. They are also denominated APF’s.

Figure 1 - Three-Phase 3-Wire Active Power filter, VSC

Figure 2 – Shunt Active Power Filter atuation.

Figure 3 – Series Active power Filter atuation.



Strictly, the denomination active power filter should be
adopted for converters destined to the compensation of
harmonics. Many authors refer to APF's mentioning
reactives of compensators or unbalances compensators
PWM. In this study it will be used APF's to all of PWM
converters used to accomplish some of these
compensations. The combination of all these
compensations, that is, reactive, harmonic, unbalance and
" flicker", will be treated as "universal compensation” [30-
32].

The APF may be connected in parallel (APFP) or in
series (APFS). The figures 1 and 2 show, the action of
these filters through eschematics and fasorials diagrams.
In Fig. 2, two situations are considered to present the
regulation of the voltage positive and negative.

Passive filters LC (FLC's) were considered in the study,
when participating in the called hybrid active filters
(HAF's) [37-45].

They were also found multinivels converters [25,
46,47] that has the disadvantage of involving an elevated
number of semicondutor switchs.

3. SEMICONDUTOR DEVICES AND TECHNICAL
OF SWITCHING

As presented in the table 1, IGBT is predominant. It
was also found MOSFET, GTO and TRANSISTOR. In
the present days it has been found that the larger the FA
power and frequency more IGBT has been present. In a
very high rating GTO's are used.

TABLE 1
DEVICE REFERENCES YEAR

IGBT 50 works 92 to 98
MOSFET [37,38,42,77,89,95,

97,99,108]
94 to 98

TRANSISTOR [2,3,46,48,78,79,92] 1983,84,86,91,9495, e 98
GTO [20,21,35,36,45,96,

102, 107,109]
94 to 98

PWM is the more common technique of the switching.
References signs of the converter are compared with a
triangular wave carrier, to select the switchs for working.
This technique can be implemented analogicaly and
digitaly.

Recently, techniques of digital switching have been
used, in order to obtain the same characteristics of PWM
and other advantages, mainly the minimization of stresses,
losses, or increase of frequency. In this sense, the
technique of the Vectorial Modulation (MV) in αβ plane
it is one of the most important. The table 2 summarizes
the found techniques of the switching.

TABLE 2
SWITCHING REFERENCES YEAR

Analogical PWM [2,20,22,41,42,44,47,49 to
52,83,90,100,112]

83[2], 87[100]
and 92 to 98

Vectorial
modulation

[5,7,8,11,16,25,33,48,53 to
57]

97 to 98

Digital PWM
(other)

[6 to 11,13 to 15,19,24,26,
27,31 to 33,36,40,42,48, 56,57

to 60, 85,96,99,113]

95 to 98

Histerese [3,10,12,27,30,35,45,53,54,61,
63 to 65,78 to 80,91,87,114]

84[3] and 94 to
98

A very used technique for its efficiency and easiness
implementation it is the bang-bang or histerese control.

4. TOPOLOGIES OF THE APF'S AND OF THE
ELECTRIC SYSTEMS

The study emphasized three-phase APF's. They were
found converters with three and four wires. The one of
three wires usually involved six switchs, while the one of
four wires involved as six (three lags) as eight switchs
(four lags).

Frequently, the APFS’s, meet three one-phase
independent converters (fig.4a), one for phase, with four
switchs each (fig.4b), and one capacitor in the side cc
[20,52,55,65,68,69]. It also meets APF’s with only one
capacitor cc (fig.5) to the three converters [20] and only
one three-phase converter with one capacitor cc (fig.1)
[52,55,65].

An innovative technique is the one addopted in [48]:
whitout passive and active elements in the converter
neither on the side cc. The treatment of the energy is made
by a strategy of control of the bi-directional semicondutor
switch.

Passive filters are used in the entrance of APF's to
absorb the high frequencies transitory of switching. They
are usualy small inductances (VSC's, 40 cases), or
capacitances (CSC's 1 case). However, in VSC's they also
meet combinations LC, CL, RLC, LRCL and LCL.

5. THE ACTIVE FILTERS FUNCTIONS
The first active filters were of the type APFP. Important

examples of them are found in the works of Kataoka [70]

Figura 2(a) FA S with three VSC's and Capacitors.

Figura 2(b) - VSC onlyphase with four IGBT's.

Figura 3 – FA S with three VSC's and one Capacitor



(use of the PWM technics in a CSC for control of the own
power factor and minimization of the harmonic), and [71]
(use of the PWM technics in a CSC switched for GTO's,
minimizing the 5th and 7th harmonics) and, Takahashi
[101] (use a asymmetric rule of switching of SCR's for the
reduction of the 5th and 7th harmonics).

They are many APFP's applications for compensation
reactives and harmonics [2,3,5,8,10,12,15,24-28,31,32,
47-49,57,61,64,66,73-75,77,87,9193,97,100,106,112,113,
117]. New control strategies allowed the compensation of
negative sequences currents [31,32,48,49,54,57,61,64,73-
75,91,93,116,118], of the zero sequences currents
[49,53,54,57,62,64,89,91,93] (also harmonic and zero
sequence currents).

FPAS's were applied to hinder the injection of
harmonic currents in the system of the concessionary
through PCC, providing an elevated impedance in the
frequencies different from the fundamental [52,65].
Today, this functions includes harmonic voltages
compensation, voltages regulation (“flicker") and voltages
unbalances [55,68].

The speed of the power compensator brouth out to the
APF's the possibility of adapting to the control of
transmission lines, which assures a wanted value of the
tension in a point of the line, therefore improving the
static and dynamic stability.

Starting from these characteristics, a combination of
APFP's with APFS's, developed UPFC's, APQC's,
UPQC's, STATCOM's and some types of FACTS's
equipaments. In This regard the TABLE 3 is illustrative.

Them APFH's [37-45], are combinations of APFS's and
LCF's, where, the APFS’s produce an elevated impedance
for the passage of the harmonic currents of the load to the
concessionary system, which aids the LCF to make the
filtering. In same cases APFP's, can be used in series
together with LCF's, adjusting the quality factor and
incresing the efficiency in the filtering. This association

TABLE 3
COMPENSATOR APPLICATION REFERENCE

APQC (active power
quality conditioner)

Reactive and harmonic
Compensator PWM:

distribution

[30]

UPQC (unified
power quality
conditioner)

Universal compensator PWM
to loads

[31,32]

UPFC (unified
power flow

controller, fig.4)

Reactive compensation and
stability control of

transmission lines through
PWM converters

[22,36,20,96]

STATCOM (static
synchronous

compensator, fig.5)

PWM converter to reactives
and voltage control and soften

oscillations in tie lines

[16,33-
35,84,107]

FACTS (flexible ac
transmission system)

Controll of great loads with
series compensators

[20,24,34,35,
45,49,93]

allows to minimize the rating of the APF and/or gives a
margin of tolerance in the adjustment of syntony of LCF.
6. STRATEGIES OF CONTROL

The main found control strategies are in the the table 4.
A technique one very powerful and that it has been very
much   used,   is   the  instantaneous  power  theory  (IPT).

Figura 4 – Unified power quality conditioner (UPFC)

Figure 5 – Static Synchronous Compensator (STATCOM)

According to it, starting from the instantaneous values of
the  tensions  and  currents (in phase components [66], dq
[5,9,10,13,14,17,18,20-23,28,29,32,33,36,40,53,54,59,60,
65,67,68,73,74,90,96,99,105,107,114,118,120,125] or αβ
[6,7,10,12,14,17,18,20,22,25,26,29,30,32,33,40,44,48,50,
53,54, 57,60,62-64,66,67, 73-75,91,93, 109-111,113,121,
122]) is possible to calculate the real and imaginary
instantaneous powers. For compensating reactives, its
suficient the action of  APF for canceling the
instantaneous imaginary power. For compensating
harmonics and components of negative and zero
sequencies in the real power, it is necessary to separate the
oscilating components real power leaving the source, to
supply only the constant real power.

TABLE 4
TYPE OF CONTROL REFERENCES

P [119,22]
PI [15,17,18,23,33,55,79,82,88,90,96,102,105,

112,118,121]
PID [30,45]

Adaptative [60]
Dead Beat [7,13,14,31, 69,76]
Predictive [6, 16,85]

Sliding modes [10,26]
Fuzzy [66,85]
IPT [2,3,12,20,22,23,26,30,32,33,40,43,44,46,

47,49,50,52-54,61-64,66,67,73-75,91,93,
95,99,109,110,111,113,115,121,122,125]

IdIq [29,32,41,43,57,65,73,74]
Linearization [8,9,14,20,21,58,59]

H∞ or RH [28,116]
Pseudo-hybrid [60]

7. CONCLUSIONS
The study found out a graet investment in the researchs

and technological development of APF's. The
development of new switchings techniques and of the
semicondutors devices will continue enlarging
perspectives of applications to the APF's. Particularly, the
combined filters (universal compensators) and the FACTS



systems are still demanding efforts of the researchers,
mainly in the field of hight potencies.
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