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Abstract - This paper presents single-phase active power
filters based on the full-bridge voltage source and current
source inverters. The active power filters are controlled
through the sensor of the input current, allowing the
compensation for the load current harmonic distortion and
the load current phase displacement. Theoretical analysis,
design examples and experimental results of two 1600VA,
30kHz active power filters, employing the full-bridge voltage
source and current source inverters are presented.

I. INTRODUCTION

In the last years the number of non-linear loads has been
increasing rapidly. These non-linear loads draw a current
form the AC Mains with harmonic distortion and phase
displacement, leading to low power factor, low efficiency,
interference by the EMI, among others. A classic solution
is the use of passive filters, which have resonance
problems, large size and fixed compensation
characteristics. The most common single phase non-linear
load is the uncontrolled rectifier followed by a capacitive
filter. For this specific non-linear load the use of a Boost
pre-regulator provides a reduction in the harmonic
distortion and an improvement in the power factor.
However, the Boost pre-regulator can not be used in
equipment already in service, and it is applied only to one
kind of non-linear load.

The shunt active power filter is a very interesting
solution for the non-linear load problem because, if
adequately controlled, it is able to compensate for the load
current harmonic distortion and the load current phase
displacement. Besides that, as it is placed in parallel to the
load it is easily installed and its power rating is a
percentage of the load. It processes a reactive power and
some active power due to the switching losses and other
parasitic components.

The single phase active power filter more widely used is
the full-bridge voltage source inverter. Many techniques to
control the voltage source inverter have been proposed,
usually calculating the load current harmonic content [1],
and more lately through the sensor of the AC Mains
current [2] [3]. However, in order to be connected in
parallel to the AC mains the voltage source inverter needs
a coupling inductance, which limits the active filter
performance. On the other hand, the full-bridge current
source inverter may be connected directly to the load and it
is naturally a current amplifier, so a better performance
may be expected. Some works have been made involving
the full-bridge current source inverter which is, as the
voltage source inverter, usually controlled through the
calculation of the load current harmonic content [4] and
more lately through the sensor of the AC Mains
current [5].

In this work single-phase active power filters based on
the full bridge voltage source and current source inverters
are presented.

II. CONTROL STRATEGY

The active filters based on the full-bridge voltage source
and current source inverters have their control based on the
sensor of the AC mains current, allowing the compensation
for the load current harmonic distortion and the load
current phase displacement. It is important to emphasize
that it is not necessary to calculate the load current
harmonic content.

The switches operate at a constant frequency (PWM)
with a three level modulation technique, which is
employed with two triangular signals with a phase
displacement of 180o. The modulation techniques for the
voltage source and current source inverters are shown in
Fig. 2 and 4, respectively. The advantage of using the three
level modulation technique is that the voltage Vab (voltage
source inverter - VSI) and the current if’ (current source
inverter - CSI) have a frequency that is two times the
switching frequency. The inductor Lf size (VSI) and the
high frequency filter (CSI) are optimized, and the active
filters performance are improved.

A. Active Filter Employing the Full-Bridge VSI
The full-bridge voltage source inverter used as an active

filter and its control diagram is shown in Fig. 1. The
inverter is connected in parallel to the AC mains through a
coupling inductance Lf and its DC side is connected to a
capacitor filter Cf.

The voltage source inverter is basically a bi-directional
current Boost converter. The average current mode control
technique employed in the Boost pre-regulator is suitable
for the voltage source inverter. The active filter voltage
and current control loops are shown in Fig. 1. The outer
voltage loop consists in the comparison of the voltage Vf’
with a reference voltage. The resulting error is the input of
the voltage controller. A sensor of the input voltage Vs

multiplies the voltage controller output signal. The result
of this multiplication is a reference current isref. The inner
current loop consists in the comparison of the reference
current isref with the AC mains current. The resulting error
is the input of the current controller. The current controller
output signal is compared with the triangular signals,
generating the drive signals for the switches.

B. Active Filter Employing the Full-Bridge CSI
The full-bridge current source inverter used as an active

filter and its control diagram is presented in Fig. 3. The
inverter is connected in parallel to the load through a high
frequency filter (L1 and C1), so that the harmonics due to
the switching frequency will not flow in the AC Mains.
The inverter DC side is connected to an inductance Lf.
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Fig. 1. Diagram of the Full-Bridge Voltage Source Inverter operating as
an Active Power Filter and the proposed control strategy.
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Fig. 2. Three level modulation technique employed for the Full-Bridge
Voltage Source Inverter.

The control strategy is based on the sensor of the current
ILf and its comparison with a reference current ILFref. The
resulting error is the input of an appropriate current
controller. A sensor of the input voltage Vs multiplies the
current controller output signal, resulting in a sinusoidal
reference current isref. The reference current is compared to
the input current and the resulting error is compared to the
triangular signals, generating the drive signals to the
switches.

III. THEORETICAL ANALYSIS

A. Active Filter Employing the Full-Bridge VSI

The voltage Vf average value must be kept constant and
higher than the input voltage peak value, in order to ensure
the active filter proper operation.

The chosen voltage controller, shown in Fig. 5, is a
proportional integral one, in order to ensure a null static
error. It must be a slow controller, presenting a crossover
frequency bellow the line frequency; otherwise the
sinusoidal reference current isref will be distorted, as well as
the input current. The voltage controller transfer function is
defined by (1).
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an Active Power Filter and the proposed control strategy.
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The inductor Lf current ripple �if, presented in (2),
varies along the line cycle and is dependent on the
modulation index defined by (3). The maximum

parameterized current ripple maxfi�  is also dependent on

the modulation index. Equation (4) is used to calculate the
inductance Lf. The choice of the maximum current ripple

maxfi�  depends on the load current harmonic contents.

The bigger the load current harmonic distortion, the bigger
should be the tolerated current ripple, otherwise the active
filter will not compensate properly the load.
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The inductor current-to-duty- cycle (D) transfer function
is presented in (5). As can be noticed it is the same transfer
function of the Boost pre-regulator. Thus the two poles one
zero current controller, shown in Fig. 6, may be used. Its
transfer function is defined by (6).
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The open loop transfer function is calculated according
to (7).
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Where: Kis�the AC mains current sensor gain,

ppTV �the triangular signal peak-to-peak voltage.

B. Active Filter Employing the Full-Bridge CSI

The current iLf  average value must be kept constant and
higher than the input current peak value, in order to ensure
the active filter proper operation.

The relation between the input current peak value and
the current ILf  average value defines the modulation index
as shown in (8). The smaller the modulation index, the
bigger the ability of the active filter to compensate for the
loads.
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Where: Mi�modulation index;
ispeak�input current peak value;
ILfavg�current ILf average value,
Vmpeak�modulation signal peak value;
VTpeak�triangular signal peak value.

The chosen current controller along with its Bode
diagram is shown in Fig. 5 and its transfer function is
presented in (1). The proportional integral controller
ensures a null static error. Besides it must be a slow
controller, presenting a crossover frequency bellow the line
frequency, otherwise the sinusoidal reference current isref

will be distorted as well as the input current.

IV. DESIGN METHODOLOGY AND EXAMPLE

A simplified design procedure and example for the
active filters employing the Full-Bridge VSI and CSI are
presented in this Section.
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Fig. 6. Current controller.

A. Active Filter Employing the Full-Bridge VSI

The specifications are presented as follows:
V311V peaks � Hz60f line � W1600Po � V400Vf �

kHz30fs � peaksmaxf i %20i ��

The modulation index and the inductor Lf maximum
current ripple are calculated as shown bellow:
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The parameterized maximum inductor Lf current ripple
is obtained deriving (2) for the calculated modulation
index.
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The inductance Lf is calculated according to (4).
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The Gi(s) transfer function is calculated using (5).
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The current controller is calculated as follows.
Choosing Ri3 = 50k� and the current controller zero to

be located at approximately 1kHz, the capacitor Ci1 is
calculated:
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Choosing Ri2 = 10k� and the current controller pole to
be located at 30kHz, the capacitor Ci2 is calculated as
shown bellow.
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The resulting current controller transfer function is as
follows:
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The open loop transfer function is calculated according
to (7). The triangular signal peak-to-peak voltage is equal
to 10V, and the AC mains current is sensored with a gain
of 0.3.
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The open loop transfer function crossover frequency is
about 10kHz, and the phase margin is about 65o.

A bank of capacitors (Cf) to be placed in the inverter DC
side was chosen due to component availability. The
resulting capacitance is 1.8mH/400V.

The voltage controller crossover frequency is 15Hz.
Choosing Rv1 = 47k�, the capacitor Cv1 is calculated.
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The voltage controller zero is placed in 80Hz. The
resistor Rv2 is calculated as shown bellow.
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B. Active Filter Employing the Full-Bridge CSI

The specifications are presented as follows:

V311V peaks � Hz60f line � W1600Po � A40ILf �

kHz30fs �

The input current for the load rated power, and the
modulation index are calculated as follows:
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Defining the triangular signal peak value, the
modulation signal peak value is obtained.
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The high frequency input filter (L1 and C1) is calculated
according to the following procedure.
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Adjusting the filter by simulation:
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The current controller crossover frequency is 30Hz.
Choosing Rc1 = 22k�, the capacitor Cc1 is calculated.
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The current controller zero is placed in 80Hz. The
resistor Rc2 is calculated as shown bellow.
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The inductance Lf to be placed in the inverter DC side
was chosen to be 10mH.

V. EXPERIMENTAL RESULTS

In order to verify the principle of operation and the
control strategies, the designed prototypes were built. The
active power filters were tested with the non-linear and
multiple loads shown in Fig. 7.

A. Active Filter Employing the Full-Bridge VSI

The parameters and power component specifications are
as follows: V311V peaks � , fline=60Hz, Po=1600W, Vf=400V,

fs=30kHz, Cf = 1.8mF/400V, IGBTs (S1,2,3,4): IRG4PC50W,

Lf = 810H - 40turns (6 x 20AWG) on 2xEE 65/39 core (gap=10mm),

D1,2,3,4: HFA15TB60.
In Fig. 8 and 9 the experimental results of the active

filter compensating for a diode rectifier followed by a
capacitive filter and a diode rectifier followed by an
inductive load as shown in Fig. 7 (a) and (b), respectively,
are presented. The active filter current compensates the
non-linear loads current, resulting in a sinusoidal input
current in phase with the input voltage. In Fig. 10 the
experimental results of the active filter compensating for
the multiple non-linear load shown in Fig. 7(c), are
presented. As can be noticed the active filter is able to
compensate for the load current phase displacement and
the load current harmonic distortion at the same time. The
resulting input current is sinusoidal and in phase with the
input voltage. For all the loads the resulting power factor is
superior to 0.99.

In Fig. 11 the experimental results for a step load change
up and down are presented, for the active filter
compensating the load of Fig. 7(a). As can be noticed, the
active filter takes a few line cycles to adapt itself for the
step load change. This is mainly because a high
capacitance Cf was used, due to component availability. If
a smaller capacitance were available, the dynamic
performance would be improved.
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Fig. 7. Non-linear loads (a), (b); and multiple loads (c).
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Fig. 8. Experimental results: (a) Input voltage (100V/div.) and input current (10A/div.), (b) load current (10A/div.), (c) active filter current (10A/div.).
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Fig. 9. Experimental results: (a) Input voltage (100V/div.) and input current (10A/div.), (b) load current (10A/div.), (c) active filter current (10A/div.).
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Fig. 10. Experimental results: Input voltage (100V/div.) and input current (10A/div.), (b) load current (10A/div.), (c) active filter current (10A/div.).
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Fig. 11. Experimental results: Step load changes up (a) and down (b), input current (10A/div.), load current (20A/div.) and active filter current (20A/div.).

B. Active Filter Employing the Full-Bridge CSI

The parameters and power component specifications are
as follows: V311V peaks � , Hz60f line � , W1600Po � ,

A40ILf � , kHz30fs � , � �enpolypropyl V280/F2C1 � ,

mH4.1L1 � -30 turns (5x14AWG) on 3.9cm Fe Si core(gap=0.8mm),

mH10Lf � -48 turns (25x18AWG) on 6cm Fe Si core (gap = 0.2cm),

IGBTs  (S1,2,3,4): IRG4PC50W,  D1,2,3,4: HFA50PA60C.

In Fig 12, 13 and 14 it is presented the experimental
results of the active filter compensating for the loads of
Fig. 7 (a), (b) and (c), respectively. The active filter current
compensates the load current resulting in a sinusoidal input

current in phase with the input voltage. For all the loads
the resulting power factor is superior to 0.99.

In Fig. 12(a), 13(a) and 14(a) it can be noticed that the
resulting input current is higher when compared to the VSI
in Fig. 8(a), 9(a) and 10(a). This is due to the losses in the
CSI, that are much bigger than in the VSI, not only
because of the diodes in series with the switches, but also
because the losses in an inductance are much bigger than
in a capacitive bank.

In Fig. 15 the experimental results for a step load change
up and down are presented, for the active filter
compensating the load of Fig. 7(a). The active filter
responds promptly for the step load change.
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Fig. 12. Experimental results: (a) Input voltage (100V/div.) and input current (10A/div.), (b) load current (10A/div.), (c) active filter current (10A/div.).
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Fig. 13. Experimental results: (a) Input voltage (100V/div.) and input current (10A/div.), (b) load current (10A/div.), (c) active filter current (10A/div.).

Vs

is

Vs

io total

Vs

i f

(a) (b) (c)

Fig. 14. Experimental results: (a) Input voltage (100V/div.) and input current (10A/div.), (b) load current (10A/div.), (c) active filter current (10A/div.).
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Fig. 15. Experimental results: Step load changes up (a) and down (b), input current (10A/div.), load current (20A/div.) and active filter current (20A/div.).

VI. CONCLUSION

In this paper active power filters based on the full-bridge
voltage source and current source inverters are presented.
The control strategies are very simple and are based on the
sensor of the input current.

Theoretical analysis, design examples and experimental
results for the active filters compensating non-linear and
multiple loads are presented, validating the analysis.

The main characteristics of the presented active filters
are: the ability to compensate for the load current harmonic
distortion and the load current phase displacement; a high
power factor is achieved; the resulting input current is in
compliance with the IEC 61000-3-2 standard; a good
dynamic performance.
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