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Abstract

The widespread use of non-linear loads is leading to a variety of undesirable phenomena in the operation of
power systems. The harmonic components in current and voltage waveforms are the most important among
these. Conventionally, passive filters have been used to eliminate line current harmonics. However, they introduce
resonance in the power system and tend to be bulky. So, active power line conditioners have become more
popular than passive filters as it compensates the harmonics and reactive power simultaneously. An active power
filter implemented with a four-leg voltage-source inverter using a predictive control scheme is presented. The
use of a four-leg voltage-source inverter allows the compensation of current harmonic components, as well as
unbalanced current generated by single-phase nonlinear loads. A detailed yet simple mathematical model of
the active power filter, including the effect of the equivalent power system impedance, is derived and used to
design the predictive control algorithm.The compensation performance of the proposed active power filter and
the associated control scheme under steady state and tran-sient operatingcondition is demonstrated through
simulations and experimental results.
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the interface unit between the power sources and the grid,
because it can inject harmonic components that may deto-
riate the power quality.

1. INTRODUCTION

The widespread use of non-linear loads is leading to a
variety of undesirable phenomena in the operation of
power systems. The harmonic components in current and
voltage waveforms are the most important among these.
Conventionally, passive filters have been used to elimi-
nate line current harmonics. However, they introduce
resonance in the power system and tend to be bulky. So,
active power line conditioners have become more popular
than passive filters as it compensates the harmonics and
reactive power simultaneously. The active power filter
topology can be connected in series or shunt and combi-
nations of both. Shunt active filter is more popular than

The increasing use in the industry of non-linear loads
based on the power electronic elements also introduced
serious perturbation problems in the electric power dis-
tribution grids. Also, regular increase in the harmonic
emissions and current unbalance in addition to high con-
sumption of reactive power can be noticed. The flow of
harmonic currents in the electric grids can also cause volt-
age harmonics and disturbance. These harmonic currents
can interact adversely with a wide range of power sys-
tem equipment’s, control systems, protection circuits and
other harmonic sensible loads. The energy distributers
like consumers were concerned by imposing some regula-
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tion protection against the expansion of harmonic prob-
lem.

2. LITERATURE SURVEY

J.Rocabert , A.Luna ,F.Blaabjerg ,and P.Rodriguez ,Con-
trol of power converters in AC micro grids,IEEE Trans.
Power Electron.,vol.27,no.11,pp. 4734-4749,Nov,2012 This
paper carries out an overview about micro grid structures
and control techniques at different hierarchical levels. At
the power converter level, a detailed analysis of the main
operation modes and control structures for power con-
verters belonging to micro grids is carried out, focusing
mainly on grid-forming, grid-feeding, and grid-supporting
configurations. This analysis is extended as well toward
the hierarchical control scheme of micro grids, which,
based on the primary, secondary, and tertiary control
layer division, is devoted to minimize the operation cost,
coordinating support services, meanwhile maximizing the
reliability and the controllability of micro grids. Finally,
the main grid services that micro grids can offer to the
main network, as well as the future trends in the devel-
opment of their operation and control for the next future,
are presented and discussed. M. Aredes, J. Hafner, and
K.Heumann, | | Three-phase four-wire shunt active filter
control strategies, || IEEE Trans.Power Electron.,vol. 12,
no. 2,pp.311-318,May.1997. This paper describes a three-
phase four-wire shunt active power filter using a con-
ventional three-leg converter, without the need of power
supply at dc bus. Two approaches have been developed to
control the active filter. Both control strategies consider
harmonics and zero sequence components in the voltage
and current simultaneously. The first one provides con-
stant power and the second one sinusoidal current to
the source, even under VITS,Dept of EEE 14 unbalanced
voltage conditions. Simulation results from a complete
model of shunt active filter are presented to validate and
compare the control strategies.

3. THEROTICAL ANALYSIS

Renewable generation affects power quality due to its non
linearity, since solar generation plants and wind power
generators must be connected to the grid through high-
power static PWM converters . The non uniform nature
of power generation directly affects voltage regulation
and creates voltage distortion in power systems. This
new scenario in power distribution systems will require
more sophisticated compensation techniques. Although
active power filters implemented with three-phase four-
leg voltage-source inverters (4L-VSI) have already been
presented in the technical literature , the primary con-
tribution of this paper is a predictive control algorithm
designed and implemented specifically for this application.
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Figure 1. Schematic Diagram of Proposed Shunt Active
Power Filter
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Figure 2. Proposed Predictive Digital Current Control
Block Diagram

4. Fuzzy Logic Technique

In recent years, the number and variety of applications
of fuzzy logic have increased significantly. The applica-
tions range from consumer products such as cameras,
camcorders, washing machines, and microwave ovens
to industrial process control, medical instrumentation,
decision-support systems, and portfolio selection. Fuzzy
logic has two different meanings. In a narrow sense, fuzzy
logic is a logical system, which is an extension of multi-
valve logic. However, in a wider sense fuzzy logic (FL) is
almost synonymous with the theory of fuzzy sets, a theory
which relates to classes of objects with un-sharp bound-
aries in which membership is a matter of degree. In this
perspective, fuzzy logic in its narrow sense is a branch of
fl. Even in its more narrow definition, fuzzy logic differs
both in concept and substance from traditioSnal multi-
valve logical systems. First-generation simple fuzzy logic
controllers can generally be depicted by a block diagram.
The knowledge-base module contains knowledge about
all the input and output fuzzy partitions. It will include
the term set and the corresponding membership functions
defining the input variables to the fuzzy rule-base system
and the output variables, or control actions, to the plant
under control.

Fuzzy inference is a method that interprets the values in
the input vector and, based on user defined rules, assigns
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Figure 3. Fuzzy Description
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Figure 5. Fuzzy Interference System

values to the output vector. Using the GUI editors and
viewers in the Fuzzy Logic Toolbox, you can build the
rules set, define the membership functions, and analyse
the behaviour of a fuzzy inference system (FIS). The fol-
lowing editors and viewers are provided.

The FIS Editor displays general information about a
fuzzy inference system. There’s a simple diagram as
shown in Fig.. That shows the names of each input vari-
able on the left, and those of each output variable on the
right. The sample membership functions shown in the
boxes are just icons and do not depict the actual shapes
of the membership functions.

5. MATLAB SIMULATION & RESULTS

Renewable energy source (RES) integrated at distribu-
tion level is termed as distributed generation (DG). The
utility is concerned due to the high penetration level of
intermittent RES in distribution systems as it may pose
a threat to network in terms of stability, voltage regula-
tion and power-quality (PQ) issues. Therefore, the DG
systems are required to comply with strict technical and
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Figure 6. the Primary GUI Tools of the Fuzzy Logic
Toolbox

‘Eyrlum tpper': 2 inputs, 1 output, and 3 rules
Figure 8. the Updated FIS Editor

regulatory frameworks to ensure safe, reliable and effi-
cient operation of overall network. With the advancement
in power electronics and digital control technology, the
DG systems can now be actively controlled to enhance
the system operation with improved PQ at PCC. However,
the extensive use of power electronics based equipment
and non-linear loads at PCC generate harmonic currents,
which may deteriorate the quality of power. A simulation
model for the three-phase four-leg PWM converter with
the parameters shown in Table 5.1 has been developed
using MATLAB-SIMULINK.

The objective is to verify the current harmonic compen-
sation effectiveness of the proposed control scheme under
different operating conditions. A six pulse rectifier was
used as a non-linear load. In the simulated results shown
in Fig.9 , phase to neutral source voltage at t=0 to t=0.8.
Fig.10 shows the source currents at t=0 to t=0.8.

6. CONCLUSION

In this thesis, a DC-coupled System has been studied, to
improve the power quality at point of common coupling
with 3-phase 4-wire distributed generation. It has been
shown that the grid interfacing inverter can be effectively
utilized for power conditioning without affecting its nor-
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Figure 9. Main SIMULINK Circuit for the Grid
Connected Solar Energy System with Shunt APF
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Figure 11. Control Circuit for Four Leg Inverter

Table 1. Specification parameters

Variable Description Value

Vs Source voltage 55 [V]

F System frequency | 50 [Hz]
Ve de-Voltage 162 [V]
Cae dc capacitor 2200 [pF]
Le Filter inductor 5.0 [mH]
Rs Internal resistance | 0.6 [0]
Ts Sampling time 20 [ps]
T. Execution time 16 [ps]
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Figure 13. Source Currents

Figure 14. Load Current at 0<t<0.8

Figure 15. Load Neutral Current

mal operating of real power transfer. The grid-interfacing
inverter with the proposed approach can be utilized to:
1) Inject real power generated from RES to the grid, ii)
Operate as a shunt Active Power Filter. This approach
thus eliminates the need for additional power condition-
ing equipment to improve the quality of power at PCC.
The MATLAB/SIMULINK 2009a simulation model of the
proposed system with the connection of renewable energy
sources is shown and validated. The control circuit is
operated with phase lock loop, proportional integral con-
troller and hysteresis controller which is used to generate
the gating pulses for the 4-leg inverter and is carried out
at load side with non-linear unbalanced load. Thus the
current unbalance, current harmonics and load reactive
power, due to unbalanced and non-linear load connected
to the PCC, are compensated effectively such that the
grid side currents are always maintained as balanced and
sinusoidal at unity power factor.

7. FUTURE SCOPE

Fuzzy logic and neural network techniques are now being
increasingly applied to power electronics. The integration
of fuzzy logic with neural networks and genetic algorithms
is now making automated cognitive systems a reality in

Figure 16. DC Vltage Converter
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many disciplines. The power of fuzzy systems when in-
tegrated with learning capabilities of neural networks
and genetic algorithms is responsible for new commercial
products and processes that are effective cognitive sys-
tems. The performance of the above mentioned Hysteresis
controller based Shunt active filter can be improved by
fuzzy logic controller & also neural network techniques
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