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Abstract — Power quality is an important measure of an electrical
power system. The term power quality means to maintain purely
sinusoidal current waveform in phase with a purely sinusoidal
voltage waveform. The power generated at the generating station
is purely sinusoidal in nature. The deteriorating quality of electric
power system is mainly because of current and voltage harmonics
due to wide spread application of static power electronics
converters, zero and negative sequence components originated by
the use of single phase and unbalanced loads, reactive power,
voltage interruption etc.

The main objective of the dissertion is to design and implement
high performance shunt active power filter systems .This
dissertion proposes shunt active power filter based on d-g-o power
theory for reactive power compensation and harmonic
suppression. The simulation results are provided to verify the
effectiveness of the proposed active power filter systems which
increases the power factor, reduce the current harmonics and
enhance the robustness of the transient response.

Index Terms — APF-Active power Filter,IGBT-Insulated Gate Bi-
polar transistor,PWM-Pulse width modulation,S&H-Sample and
old Circuit.

1. INTRODUCTION

Reactive power plays an important role in supporting the real
power transfer. This support becomes especially important
when an increasing number of transactions are utilizing the
transmission system and voltages become a bottleneck in
preventing additional power transfer. The purpose of reactive
power dispatch is to determine the proper amount and location
of reactive support in order to maintain a proper voltage profile.
Traditionally, its objective function is to minimize the
transmission losses.

The problem of reactive power dispatch (RPD) is to allocate
reactive power generation so as to minimize the real power
transmission losses and keep all the voltage within the limits,
while satisfying a number of equality and inequality constraints
including the power flow equations, upper and lower voltage
limits and capacity restrictions in various reactive power
sources, generators, shunt capacitor banks and transformer
taps.
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The passive filters have been used as a conventional solution to
solve harmonic currents problems, but they present some
disadvantages: they only filter the frequencies they were
previously tuned for; its operation cannot be limited to a certain
load or group of loads; resonance can occur due to the
interaction between the passive filters and others loads, with
unexpected results.

To cope with these disadvantages, recent efforts have been
concentrated on the development of active power filters. In this
paper the development of a shunt active filter is proposed, with
a control system based on the d-g-o theory. With this filter it is
possible to effectively compensate the harmonic currents and
the reactive power (correcting power factor to the unity), and
also to balance the power supply currents (distributing the loads
for the three-phases in equal form, and compensating zero
sequence current).

In this project the harmonic reduction is done by using three
phase shunt active power filter and the reactive power
compensation is by instantaneous current control. The
harmonic detecting that based on instantaneous reactive power
theory can reduces the time and increases the accuracy.

2. PRINCIPLE OF SHUNT ACTIVE POWER FILTER

The system constitution and operation principle of single-phase
SAPF, which is mainly composed of harmonics and reactive
currents detecting circuit, current tracking control circuit and
APF main circuit are discussed here.

The main APF circuit that depicted in the Fig.1.is composed of
a current control single-phase voltage inverter, which is used to
generate compensation current. Each bridge of this inverter is
implemented by IGBT and anti-parallel diode. The DC side of
inverter is paralleled with capacitor C, which plays an
important role in the steady of DC voltage and compensates
reactive power. While require compensate harmonics and
reactive currents for nonlinear loads, the harmonics and
reactive currents is detected by APF from compensated object,
then, makes it anti-polarity and as the command signal of
compensation current. Thus, generate the necessary PWM
pulse through current tracking control circuit and drive the
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switch of inverter by some control method. Finally, the inverter
generates compensation current.
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Fig.1. System Constitution of Shunt Active Filter

3.DETECTION METHOD FOR HARMONICS AND
REACTIVE CURRENTS

The three-phase instantaneous reactive power theory is
proposed in the 1980s and has obtained successfully
application already, which completely define the instantaneous
reactive power and instantaneous active power that based on
instantaneous reactive power theory is the most successful
method for harmonic and reactive current detection, whose
principle diagram is shown in Fig.2.
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Fig.2. Diagram of detection method for harmonics and
reactive currents.

Fig.3. Diagram of Instantaneous current PWM control based
on neural network
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4. INSTANTANEOUS CURRENT PWM CONTROL
BASED ON NEURAL NETWORK

As for the compensation currents generated circuit three-phase
voltage source inverter, this paper introduces the method for
instantaneous current PWM control based on neural network
that shown in Fig.3. The advantage of an ANN-based PWM are
constant switching frequency of the inverter, which unlike
hysteresis-band PWM, does not vary with the dc supply
voltage, load parameters.

Take harmonic current as reference signal, compensation
current that produce by inverter as feedback signal, the network
receives the current error signals( a Ai, b Ai, and ¢ Ai ) through
the respective gain or scale factor K. This network using three
feed forward neural network, whose output signal of the ANN
are passed through hard limiters and sample & hold (S&H)
circuits to impress the logic signals at the inverter input. The
S&H elements are activated by signals a SHa, SHp,and SH,
with a sampling period T, that corresponds to the switching
frequency of the inverter, frequency of the inverter selects
20KHz, The binary values of S;, Sp and S constitute the eight
switching states of the inverter. The neural network is trained
such that if the current error exceeds the threshold value +6 ,
the state change occurs in the respective output.

The threshold value of trained neural network selects +0.05A,
the output of a phase a channel S, will be 1 after S&H if 0.05
Ai> A, then the upper bridge arm of IGBT turn-on; and Sa* will
be 1 if 0.05 Ai<— A, then the lower bridge arm of IGBT turn
on. For the range 0.05, 0.05 a — A<Ai< A, the output remains
unchanged, makes the input and output of network meet the
effective PWM switching mode of inverter after off-line
training.

5. SIMULATION RESULTS

The simulation waveform for various parameters are shown in
Fig.4,Fig.5, Fig.6.
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Fig.4.Comparison between Source Current and Load Current,
Harmonic Current
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Fig.5.Pulse Width Modulated Gate Signal to Inverter Circuit
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Fig.6.Compensation Voltage
6. CONCLUSION

In this project, the causes due to power quality deteriation,
different types of filters, the use and advantages of applying
active power filters to compensation power distribution
systems has been presented. The principles of operation of
shunt active power filters have been presented. The harmonic
detection and reactive power performance under fault power
distribution system was discussed. Active power filters, based
on the proposed theory, give satisfactory operation even when
the system phase voltages are unsymmetrical and distorted,
because no distortion appears in the line currents. In non-ideal
mains voltage condition, the source currents by the
instantaneous power (pq) theory are distorted, but the source
currents by the proposed method have no distortion.
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