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Harmonics Reduction on Electric Power Grid Using Shunt Hybrid
Active Power Filter with Finite-Control-Set Model-Predictive Control

Asep Andangl‘ ?, Rukmi Sari Hartati’, Ida Bagus Gede Manuaba®, 1 Nyoman Satya Kumara

Abstract — THEERaper discusses a technique of reducing harmonics in electric power grids using
Shunt Hybrid Active Power Filter. The filter is controlled by a Model-Predictive Control
technique. It can predict the output current magnitude based on its predictive model by noticing
the constructed grid topology. Then, this current prediction has been compared to reference
currents in order to get an optimal switching pattern concerning a cost function while the
optimization has been conducted in order to figure out the maximum condition for the switching
pattern. In addition, the Shunt Hybrid Active Power Filter has been compared by combining
passive and active filters, which has been expected to be able to reduce harmonics optimally. The
use of an LC filter in a single tuned has been also targetted in order to reduce the harmonics in the
fifth-order, while the active filter would reduce harmonics due to their resonances. The
constructed model has been tested in the simulation in order to evaluate how much harmonic
reduction could be performed by the model, and how this model has coped with an unbalanced
load, and later affecting the electric power quality. The simulation shows that Shunt Hybrid Active
Power Filter along with the Model-Predictive Control method tested by non-linear loads, in terms
of balanced and unbalanced loads, can reduce Total Harmonic Distortion of current loads to
under 1%. As for unbalanced loads, the phase angle on source voi( does not encounter
displacement. Therefore, the Model-Predictive Control on Shunt Hybrid Active Power Filter can
effectively be used to reduce harmonics in the grid, during both balanced and unbalanced loading
condition. Copyright © 2020 Praise Worthy Prize S.r.l. - All rights reserved.

Keywords: Active Power Filter, Model-Predictive Control, Synchronous Reference Frame,
Harmonic Compensation, Switching Pattern

Nomenclature Ve Converter \folfage
Iy Load harmonics current
CSI Current Source Inverter v, Capacitor voltage
e !
VSI Voltage Source Inverter a Phase operator
GIPT General Instantaneous Power Theory Ven lase to neutral voltage
SMC Sliding Mode Control ;’(;, Load current in d-axis
IPT Instantaneous Power Theory i Load current in g-axis
s ar Tran ofr 4 3 ;
FFT Fast FUUUCI_ Tmm?tm‘m ) iy Zero axis load current at synchronous
SHAPF  Shunt Hybrid Active Power Filter reference frame
FCS Finite-Control-Set fae EERd current
MPC MOdEl-Pl'EdICt_l\’C C_Olltl'ﬂ_l Lgy Load current at synchronous reference frame
THD Total Harmonics Distortion i* Reference current in d-axis
-~ d )

SRF Synchronous Reference Frame i* Ref@lhece current in g-axis

. I3 o =
PPF Passive Power Filter igic AC component of the direct-axis Component
APF Active Power Filter of the load current
VS1 Voltage Source Inverter izpe DC component of the direct-axis Component
IRPT Instantancous Reactive Power Theory he load current
In n phase grid current Lr Filter inductance
Iy n phase load current Ry Filter Resistance
Iey n phase filter current C Filter capacitance
Vi Equivalent source voltage Viake Filter voltage

! aben
1 Equivalent source current Vien Voltage from m to n
R, Source resistance T, Time S"‘“m]g
L, SUUI'_CE “3‘]““?‘““ i (k) Real part of the reference load current at &
Zy Passive filter impedance time
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Eaginary part of the reference load current at

[ 72 S

ip (k + 1) Imaginary part of the predicted load current
vector

i’ (k + 1) Real part of the predicted load current vector

i (k)

S, Switching State Inverter

v; Inverter output voltage

irefa Reference current in o frame
Irepp Reference current in [ frame

V apen Inverter Voltage Switch

i(phl) Prediction Current in (k+1) time
Lot Reference current in £ time

g Cost function

L.

In the power grids, where the non-linear load is
insignificant, harmonics have been usually solved by the
use of passive filter [1]. However, the development of
power electronic technology gives a significant impact
on the electric power grid system with the existence of
switching control devices used in both households and
the industrics. The significant effect of the harmonic
generation eventually becomes the problem for electric
power grids itself. The rapid development of non-linear
load prohibits the passive filter from equalizing it due to
the rigid character of the passive filter. In addition,
passive filters are also problematic with harmonic
resonance [2]. Various electric current compensation
techniques have been developed by using the active
power filter, as reported by Gugyi [1], [3]. This filter
covers the flaws of the passive filter, although it is more
expensive [4]. Another development in power filter
configurations is a hybrid active filter that has multiple
combined configurations between passive and active
filters, with the main strength of decreasing rating device
that results in cost reductions [5], as well as flexibilities
and device reliabilities. Passive LC filters, in both single
and double tune, are used in hybrid filters [5], [6]
although they use different controls. Moreover, there is
also a development of the harmonic filter, namely
converter controls. As known before, the passive filter
contains either Voltage Source Inverter or Current
Source Inverter. This inverter control technique has been
derivated from the application of a control system in
other disciplines of power filters. At first, control
techniques typically used in Voltage Source Inverter
have been hysteresis [7]-[9], fuzzy [10]-[13] neural
network [14]-[17], General Instantaneous Power Theory
[18]-[20], Synchronous Reference Frame [21]-[23]
Sliding Mode Control [24]-[26], [38], [39] methods, and
the likes, which have been the optimization or
combination of all the techniques above. In addition,
there is also another developments in the control system
used in power electronics which is called the predictive
model or Model-Predictive Control. The model has been
initially  constructed in industrial processes [27],
particularly chemical industries [28]. Model-Predictive
Control has started to be used to control the switching

Introduction
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process in power electronics [29], especially power
converters and drive [30]. Model-Predictive Control with
Finite-Control-Set is dynamic and has an optimal
response for the state system as well as the ability to
handle some condition variables in which their function
is known as cost functions [28].

The previous study on harmonic reduction has been
conducted by Othman [31], who has used the active
power filter in terms of L filter, and Voltage Source
Inverter control with using Model-Predictive Control.

This study has resulted in a Total Harmonics
Distortion reduction of 5.4%. Meanwhile, another study
conducted by Cherif [32] in connection with the
implementation of Model-Predictive Control in a three-
phase three-leg active filter, has indicated that the
decrease of Total Harmonics Distortion has become
1.56% for the balanced load.

However, this study conducts the development by
adding the filter by using the LC filter tuned on the fifth
frequency known as Shunt Hybrid Active Power Filter.

By adding this LC filter, it is expected that the
decrease of Total Harmonics Distortion for that order and
Active Power Filter will be beneficial for reducing other
orders and harmonics resulted from resonances. This
paper discusses a modeling of an Active Power Filter and
Model-Predictive Control on active power filter using the
reference current-generation of dq axis and modeling
current-prediction. Testing the model with Simulink
Mathlab has been done in order to determine the
prd&¥sed model’s performance.

This paper is organised as follows. Section II presents
the Shunt Hybrid Active Power Filter sequences that
were investigated, then the equivalent circuit. Section II1
presents the filter control circuit in the form of Voltage
Source Inverter with the control switch and its status, and
then the reference current generation circuit using the dg
method and Model-Predictive Control method which
contains currcffnodel prediction and minimization of
cost function. Section IV presents the simulation results
of the model with various loading EERditions, together
with analysis of the test results. Finally, Section V
contains the conclusions of the test results.

1I.  Shunt Hybrid Active Power Filter

The use of active filters brings more benefits
compared to the passive one.

It does not only handle dynamic loads but also creates
good responses in deffjlg with harmonic resonances. A
topological circuit of hybrid active power filter is shown
in Fig. 1, in which the passive filter is an LC filter tuned
on the fifth hafifnic order and serially connected to the
active filter in a Voltage Source Inverter with a de link, a
cajffitor with voltage controls.

Non-linear load in the form of a three-phase rectifier
with RLC load is used to generate currents with
harmonics.

The output is the result of uncontrolled rectifier loads
connected to different passive loads.

International Review on Modelling and Simulations, Vol 13, N {
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Fig. 1. Hybrid power filter topology in the three-phase electric grid

Meanwhile, the simulation is also needed to be
performed in order to know Shunt Hybrid Active Power
Filter controls on the unbalanced load, in which the RLC
load is set with a different value on each phase.

The principle of the hybrid filter as compensation is
showrfff] Fig. 2. V., is a source power supply; the non-
linear load is considered as a harmonic current source of
A proposed passive filter is an impedance of Z,, and
Active Power Filter is considered as a controllable
current source. Active Power Filter will result in currents
based on Model-Predictive Control in order to export
harmonic currents without fundamental currents but with
difEfiEnt angles.

Fig. 2 shows a one-phase equivalent circuit in which
the passive filter circuit of Z, is in terms of RLC serial
circuit with a quite low value of R, so it is often
neglected. Meanwhile, the non-linear load is analogised
as a current source of /;, containing harmonics.

III. Reference Current Generation And

Filter Control Circuit With Model-
Predictive Control

A hybrid filter controlling the circuit using Model-
Predictive Control can be seen in Fig. 3. There are
current sensors to get non-linear load current signals that
contain harmonics, and voltage sensors to be used in the
process of reference signal generations.

R L

Lo

[ o———————

-® (D

Ve

Fig. 2. Equivalent circuit of single-phase electric grid

28
Copyright © 2020 Praise Worthy Prize S.rd. - All rights reserved

Monlinear Load
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Fig. 3. Control scheme of model-predictive control
on hybrid power filter

1.1, Control Circuit

The primary control circuit of this hybrid filter
consists of three main blocks, such as a reference current
generation that takes data from load currents, in which
source voltages in the block is a separate circuit of
Model-Predictive Control system [33], [34]. TIEE)
reference current can use various methods in terms of
Synchronous Reference Frame and Instantancous Power
Theory, and then a prediction current that refers to a
Model-Predictive  cffifrol system and cost function
minimization. This hybrid power filter is divided into
two parts. The first one is the Passive Power Filter that
refers to an LC circuit that is tuned on the fifth harmonic.

The second one is the Active Power Filter that works
using an inverter from Voltage Source Inverter, which
aims to reduce harmonic currents and resulting in
harmonic  current  waveform  without  different
fundamental waves and phases from the inverter leg
switching, based on the switchinfEjattern with Model-
Predictive Control. By using three-phase three-legs
Voltage Source Inverter, there are 2° switching
conditions. These switching conditions for each phase
toward its switching are the followings:

s _{1, if §;on and S, off 1)
a0, if §; off and S, on
S = [1, if S;on and S5 off @)
— 1o, if $, off and S< on
s = {1, if S;on and S, off 3
c 1o, if S5 off and S, on 3)
Therefore, the inverter output voltage can be
indicated, as follows:
v = E(L’HN + avyy + a’vey) 4
where:
a=elGv) (5)

International Review on Modelling and Simulations, Vol 13, N {
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Fig. 4. Switching on voltage source inverter

Therefore, the inverter switching will result in the
output voltage, as shown in Table L.

1.2, Reference Current Generation

The reference current generation used here is the
Synchronous Frame Reference with the utilization of dq
transformation to produce «ff reference current. This
method is more reliable in compressing Total Harmonics
Distortion compared to the Instantaneous Reactive Power
Theory method [30], [35]. Its blocks can be seen in Fig.
5.

I load current is changed using the park
transformation to 1y, to be used as a reference current.

Additionally, I, is obtained by decomposing a three-
phase grid current with using park transformation to get
the magnitude of dq. In the process of this
transformation, a phase of q angle is needed to be
synchronised with source voltages, which will be used as
shown in the following equation (6):

1
cos @ —sin# =
iy 21
i 2 (9 Zﬂr) . (8 er) 1 EL“ ©)
g|=3lcos|8 ——] —sin|8——) —||iw
o 3 3 3 2 i
(B + Z—H) sin (6 + Z—H) 1
cos 3 3 3

TABLE I
THE INFLUENCE OF SWITCHING To THE OUTPUT VOLTAGE

No Sa Sa S Vi
1 0 0 0 V=0
2 1 0 0 vy = 2,
3 1 1 0 vy = Woe + Ve
4 0 1 0 Vs = e+ 13V,
5 0 1 1 vy = =2y
6 0 0 1 vs = W = Ve
7 1 0 1 Vg = Wae = PV
8 1 1 1 v, =0
[ﬁ ke . v
N ey u ’ : : 2 oy MPC
EE— - b b [
9 a '
. v ’—%n c .8

| - e

Fig. 5. Reference current generation diagram block
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The phase of q angle is obtained by using a Phase-
Locked Loop, with the voltage source of V. After that,
the current magnitude of d iy axis will be extracted to
separggg}ic and ac components by using the Butterworth
filter with a cut off frequency of 50 Hz. The filtering
result becomes iunc to produce references that will be
used as a switching signal. Consequently, the result of
the Butterworth filter is reduced by id to get iy;*=-i
that has different phases as much as 180" from the
previous signal. Meanwhile, i,*=-i sc-i;nc. After iy* and
i,¥ reference currents are obtained, and they are
transformed again into a three-phase current of i,,,.

The abce reference is transformed into aff deals using
the following formula:

:ref al fl I[ (.”
re!’ 8 0 Vf' 3/2 —V3/2

Reference currents of i, and ig refer to harmonic
currents that are then inverted to the 180° phase in order
to get opposite harmonic currents that will be used as
reference currents through Model-Predictive Control.

1.3, Current Prediction

A prediction current that will be used in the process of
predictive model control is obtained from a circuit model
[36]. Namely, the input in terms of load currents is
transformed into af}, the source voltages, and the inverter
voltages are switched, so, the formula is the following
equation (8):

Vubcn = d R}"IC CJ- Le dt + T/}ubf:ﬂ + an (8]

The formula above is transformed into a discrete
pattern and rearranged again to get the following
blueprint:

(_vﬂ(k] + _) L[RJ +
L h R+ Ts
N 9

TS\ .
— C_f 1(,()+5Va-c

35

After that, the optimization gthc cost function is
conducted to help switch the positions closer to reference
current@ing a formula.

The cost function is used to minimize the error that
occurs between the prediction current and ERErences
current after doing a sampling using the difference
between the reference current at (k) time and the
prediction current at (A+1) time [37], as shown in the
following formula (10)

9 = llrery, = iy
! ko (10)
- [a(k + 1}' + |"'Jl9(k) - (B(k + l)l
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From the cost function, it is known that the smallest
inverter-switching results in errors towards reference
currents, in each sampling. Hence, it has been posible to
figure out the optimal switching pattern in order to
reduce harmonics on grids.

IV. Result and Discussion

The model constructed in Simulink shown in Fig. 6.
needs to be done ahead with a testing simulation toward
balanced loads, so, the effectiveness and ability of hybrid
filters in reducing harmonics could be reflected. The test
is conducted using two different loads, in which the first
one is a balanced non-linear load, while the second one is
an unbalanced. Additionally, the parameters can be seen
as shown in the following Table II. Filter capacitance and
inductance are the passive filter circuit that is shunt
connected to the loads and serially connected to the
Active Filter Circuit that refers to a Voltage Source
Inverter.

IV 1. Balanced Non-Linear Load

Connecting sources lead this load to the uncontrollable
three-wire three-phase rectifier circuit with load resistors
and serial connection inductors that represents the
magnitude, as seen in Fig. 7. From the simulation of non-
linear load, it can be seen that non-linear load results in
load currents containing harmonics, as shown in Figs. 8.
In order to confirm that this system works well, the test
with the linear load not resulting in harmonics has been
conducted. It indicates that the model can work well
without waveform transformations in source loads.

The waveform above shows the forms that have been
distorted by harmonic waveform from rectifier loads.

(a) P];:a;a a

(b) Phase b

Additionally, an analysis using Fast Fourier Transform
is conducted to find out the harmonic distorting load’s
current magnitude. While non-linear loads on the circuit
refer to balanced loads, the analysis is only conducted in
one phase, which is obtained a harmonic chart spectrum

result for phase as shown in Fig. 9.
Balanced Non-
L Liner Load |

I Saurce I

ot il et e
T Genarator
Madel Pradic ive
Contml
Fig. 6. Implementation in sinulink
TABLEIL
SIMULATION PARAMETERS
Description Symbol Value
Filter Capacitance G 8.8 uf
Filter Inductance Ly 40 mH
de Capacitor Coe 679 uF
Source Inductance L, 0,1 pH
Source Resistance R 0,019
4 A L
S| R e 40 mH
A A A

Fig. 7. Balanced non-linear load

{c) Pi1;ase c

Figs. 8. Grid current waveform before applying shunt hybrid active power filter
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The Fast Fourier Transform result shows that the
result of currents flowing through a non-linear load
contains 26.28% Total Harmonics Distortion. Since the
non-linear load has similar impedance values, the current
waveforms output from three phases is also similar.

However, filter current forms resulted from Voltage
Source Inverter are the process of Model-Predictive
Control with prediction optimization and reference
currents using the Synchronous Reference Frame
method. It will be used for Insulated Gate Bipolar
Transistor (IGBT) switching on Voltage Source Inverter.

These currents waveforms are realised in Figs. 10. The
filter current generation on Voltage Source Inverter
produces waveforms that are identical for each phase but
they have different angles due to the balanced non-linear

FFT amaiysin

load. In consequence, filter waveforms also have similar
magnitude. By the filter current generation on Voltage
Source Inverter that has been resulted from the prediction
and reference current components following the solving
method of Synchronous Reference Frame, the current
waveform is indicated as shown in Figs. 11, in which the
current waveforms are close to pure sinusoidal
waveforms.

From Figs. 11, it can be seen that waveforms are close
to pure sinusoidal, but in a transient condition, current
fluctuations still occur due to the condition of the DC
regulator. Furthermore, determining the hafibnic
reduction after the hybrid-power installation of the
hybrid-power filter is made by using Fast Fourier
Transform analysis, as shown in Fig. 12.

__Fundamental {50Hz) = 11.65 , THD= 26.28%

= i

Mag (% of Fundamental)

o

5 10

15

I.I-.-l.l...l.l...l.l..
30 B 40

20 26

Harmanic order

Fig. 9. Harmonic Spectrum in Phase-a

I

—\ J\[\ﬂ\w\_ _\N'V\—-*‘“\\}\J““ﬂ/\/ T A el Pl S N N o e

»
a [ [ C

s [ 0 an e 2

{a) Phasc a

\_r\ = /Wf\f\u/\/\.mwmwﬂv_,\/\;

|—unf

(b) Phase b
| | I
. - .. .I.. . » I. »
{c) Phase ¢

Figs. 10. Reference cumrent waveform
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1 L L L
3 am [ [ a4 s ang anr [ aeh o

(a) Phase a

® - TP

o [ [ am and [=3 (= oar asn am a1

(b) Phase b

[ am ) [T [ 3 ] [T 3 ]

atere
(c) Phase ¢
Figs. 1 1. Current waveform after applying shunt hybrid active filter
= . Fundamantal (80Hz) = 1185, THD= 0.58%
03f
02~
E 0z
& 018
x
g o1
a
1111711141471 T
0 s 0 15 20 Fd » » 0
Hamonic order
Fig. 12. Source current harmonic spectrum of phase-a
after applying shunt hybrid active power filter
a0 T T T T

——

—

| ! ! |
(a) Phase a
o | i | 1
| — e b
"
M!_
el 1 I L I | L 1 L 1 s
f o [ wn an [ o wr wan [ a
(b) Phase b
4m I 1 I 1

ano L L 1 o L L L 1
o wan 6 nox T v e anr am wm 0

(c) Phase ¢

Figs. 13. Output voltage waveform after applying hybrid filter
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The result ofF.ast Fourier Transform analysis for the
source current of phase a shows Total Harmonics
Distortion of 0.58%, indicating that there is more than a
25% decrease compared to the initial source current
without using Shunt Hybrid Active Power Filter.

Moreover, the source voltage wave after applying the
hybrid-power filter is reflected in Figs. 13. Shunt Hybrid
Active Power Filter works well in reducing expected
harmonic currents, including the fifth order from 21% to
0.275%, the seventh order from 12% to 0.2%, the
eleventh order from 7.5% to 0.14%, and other odd
harmonic orders reduced to under 0.12%. Output voltage
waveforms when a non-linear load is still sinusoidal, and
it is analysed using Total Harmonics Distortion, shows a
value of 1.9%. It indicates that Shunt Hybrid Active
Filter can reduce harmonics in voltages, so Total
Harmonics Distortion is still under the recommended
standard.

V.2, Unbalanced Non-Linear Load

Testing an unbalanced load is conducted to know
hybrid filter responses toward current and harmonic
differences in each phase. This has to be done by adding
RL variant load in each phase with a different magnitude
as presented in the following Fig. 14. The testing method
has been conducted similarly to testing a balanced load,
whose results can be seen in Fig. 14, which shows that
currents on each phase have different magnitudes.
Measured RMS currents for each phase include Phase-a
of 15.26 A, phase b of 12.03 A, and phase ¢ of 1824 A.
Due to the unbalanced load, the harmonics constructed
become varied, and Total Harmonics Distortion is not

similar. Namely phase a of 13.81%, phase b of 17.23%,
and phase ¢ of 10.66%.

Harmonic reductions of unbalanced load use the LC
passive filter circuit topology with the Model-Predictive
Control, which is resulting in the decrease of hamﬂs,
which becomes lower, so current waveforms from Shunt
Hybrid Active Power Filter filtering have waveforms in
the side of source currents as shown in Figs. 15.
Although the load is unbalanced and non-linear, filtering
currents obtain similar significant reductions with having
Total Harmonics Distortion value of under 1%, including
0,55%, 0,65%, and 0.48% for phase a, b, and c. In the
waveforms, the distortions of transient time obtained
from the control on de-linkfgltage Source Inverter still
exist, so it affects currents of the filtering Shunt Hybrid
Active Power Filter result. In filter currents generated by
the Model-Predictive Control to reduce harmonic
currents, as shown in Figs. 16, filter currents of each
phase depend on the current of each phase.

50 Q2

40 mH

—>—

Fig. 14. Unbalanced non-linear load

=
1 1 1 1 1 L L 1 1
n ans ooy anz ana ‘ﬁ’: R an? ane oM [
{a) Phase a
= T T T T T
\'
o ©
(b) Phase b
n | |
o {153
0 /\
o
e
o | | |
[ am anz am w0t st ooe age am aoe X
o=
(c) Phase ¢

Figs. 15. Unbalanced non-linear load waveform without applying shunt hybrid active power filter
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{b) Phase b

(c) Phase ¢
Figs. 16. Load current wavefomm applying shunt hybrid active power filter
The influence of dc voltage regulation control on References

Voltage Source Inverter is reflected in the transition . - ;
C e o e e . [1] 8. T. Senini and P. J. Wolfs, Systematic identification and review
indication, so the process of filtering is still imperfect in

of hybrid active filter topologies, in 2002 [EEE 33rd Annual IEEE

I‘Eg_"“‘ds to the condition of under 0:0_3 se_cund, due “? Fhe Power Electronics Specialists Conference. Proceedings (Cat.
existence of the unbalanced condition in the transition No.O.‘iC[—B), 2002, vol. 1, pp. 394-399.

indication. From the result of the simulation, it is [2] H. Akagi and H. Fujita, A Practical Approach to Harmonics

. ; 1 Elear T Compensation in Power Systems - Series Connection of Passive
indicated that LC hybrid filter with Model-Predictive bnd Active, Filters, IHEE Trans, Ind, Appl, vol. 27, ro. 6, ppl

Control can work well in reducing harmonic currents in ho-1025, 1991.
unbalanced and balanced load conditions resulting in [3]1 F.Z.Peng, H. Akagi, and A. Nabae, A new approach to harmonic
Total Harmonics Distortion of under 1%. compensation in power systems-a combined system of shunt

sive and series active filters, IEEE Trans. Ind Appl., vol. 26,

6, pp. 983-990, 1990.
[4] H. Akagi, Y. Kanazawa, and A. Nabae, Instantaneous Reactive
Power Compensators Comprising Switching Devices without
Energy Storage Components, JEEE Trans. Ind. Appl., vol. 1A-20,

V. Conclusion

This paper hafﬁ pl‘es;nted the use fjf Model-Predictive 10. 3, pp. 625-630 1984,
Control in Hybrid active filters using three-phase LC [5] P. K. Ray et al, Improvement in power quality us@iybrid
filters. The dq method is used to extract a harmonics power filters based on robust extended Kalman filter, in 2018 /9th

signal to the reference signal and also for dc-link voltage International Carpathian Control Conference (ICCC), 2018, pp.

. . . . 585-590.
canml using a PI l‘egglmm‘. Simulations are cm‘rlequut [6] A.Tan, K. C. Baymndi, M. U. Cummd M. Tiimay, Multiple
with a balanced non-linear load to determine the ability harmonic eliminatio ed feedback controller for Shunt Hybrid
of harmonic reduction and unbalanced nonlinear load, in Active Power Filter, IET Power Electron., vol. 10, no. 8, pp. 945

order to find out the ability of the model to reduce n" HmRilg.
ty [7] B. Harshithananda, S. Priyashree, and H. A. Vidya, Mitigation of

harmonics when the current is unbalanced. The results of harmonics IR RAE SRR A R S P e
the simulation models with balanced non-linear loads power filter, in 2017 International Conference on Smart grids,
have demonstrated that the model can reduce the current Power and Advanced Contrgl Engineering (ICSPACE), 2017, pp.
harmonics to Total Harmonics Distortion less than 1%. 258-261.

Th e ith balanced linear loads has [8] R. Tahmid and S. Ahmad, Active Power Filter, in futemational
¢ testng with unbalanced nonlmear loads a3 Conference on  Electrical, Computer and  Communication

demonstrated that the model can reduce the harmonics so Engineering (ECCE), 2017, pp. 381-386. (Al

that the Total Harmonics Distortion is less than 1%. [91 Pandya, J., Jadeja, R., Trivedi, T., Cascaded Three Level Inverter
Based Shunt Active Power Filter with Modified Three Level
Hysteresis Current Control, (2018) Im‘me}mu} Review on
Modelling and Simulations (IREMOS), 11 (3), pp. 125-133.
: hitps://doi.org/10.15866/remos. v 11i3.14513

[10] K. A. Naushad Ahmed, K. C. Obula Reddy, and P. Bhakre, Fuzzy
Based Active Filter For Power Quality Mitigation, in 2018 [EEE

Acknowledgements

The project was financed by the Research Institutes

"md_the Community Se“'ice_ of Siliwangi University in International Conference on System, Computation, Automation
Tasikmalaya - Indonesia, under Grant No. and Networking (ICSCA), 2018, pp. 1-4.

233/UN58.21/PP/2019 [11] C. Salim, Five-level (NPC) shunt active power filter performances
Copyright © 2020 Praise Worthy Prize S.rd. - All rights veserved International Review on Modelling and Simulations, Vol 13, N {

60




Asep Andang et al.

evaluation usiuzzy control scheme for hamonic currents
compensation, in 2017 6th International Conference on Systems
and Control (1CSC), EEY. pp. 561-566.

[12] 8. Unnikrishnan and G. Biji, Hybrid series active power filter for
mitigating power quality problems, in 2017 [Infernational
Conference on Energy. Communication, Data Analyfics and Sofi

puting (ICECDS), 2017, pp. 811-816.

[13] U. M. Chavan, A. R. Thorat, and S. 8. Bhosale, Shunt Active
Filter for Harmonic Compensation Using Fuzzy Logic Technique,
in 2018 [nternational Conference on Cuwrrent Trends towards

ing Technologies (ICCTCT), 201{{F#. 1-6.

[14] 5. R. Das, P. K. Ray, and A. Mohanty, Improvement of Power
Quality using Advanced Artificial Neural Network Algorithm, in
2018 [EEE International Conference on_Power Electronics,
Drives and Energy Systents (PEDES), 2018 B3 1-6.

[15] A. Ravikumar. N. Mohan, and K. . Soman. Performance
Enhancement of a Series Active Power Filter using n Filter
based Neural Network Control Strategy, in 2018 fnternational
Conference on_Advances in Computing, Communications and
Informatics (EERC1, 2018, pp. 1702-1706.

[16] é/[ahajan, Bl al, and H. O. Gupta, Neural network and
fuzzy logic coﬁ;\; for three-phase three-level shunt active
power filter, in 2005 IEEE Workshop on Computational
Intelligence: Theories, Applications and Future Directions (WCI),
2015, pp. 1-6.

[17] S. Agrawal, P. Kumar, and D. K. Palwalia, Artificial neural
network based three phase shunt active power filter, in 2016 [EEE
7th Power India Intemational Conference (PHHCON), 2016_pp. 1—
6.

[18] A. Chowdhury, C. Rajagopalan, and M. A. Mulla, Hardware
implementation of series hybrid active power filter using a novel
control strategy based on generalised instantaneous power theory,
IET Power Electron., vol. 6, no. 3, pp. 592-600, Mar. 2013,

[19] Y. Hoon, M. Mohd Radzi, M. Hassan, and N. Mailah, A Refined
Self-Tuning Filter-Based Instantaneous Power Theory Algorithm
for Indirect Current Controlled Three-Level Inverter-Based Shunt
Active Power Filters under Non-sinusoidal Source Voltage
Conditions, Energies, vol_10, no. 3, p. 277, Feb. 2017.

[20] C.-5. Lam, L. Wang, BZ8 Ho, and M.-C. Wong, Adaptive
Thyristor-Controlled LC-Hybrd Active Power Fielfor Reactive
Power and Current Harmonics Compensation With Switching
Loss Reduction, JEEE Trans. Power Electron., vol. 32, no. 10, pp.
7577-7590, Oct. 2017.

[21] 8. Musa, M. Radzi, H. Hizam, N. Wahab, Y. Hoon, and M.
Zainuri, Modified Synchronous Reference Frame Based Shunt

ive Power Filter with Fuzzy Logic Control Pulse Width
ﬁulatinn Inverter, Energies, vol. 10, no. 6, p. 758, May 2017.

[22] Jayasankar V N, Gururaj M V, and Vinatha U., A study on hybrid
Renewable Energy Source interface to the non: grid at
distribution level with power quality improvements, in 2016 IEEE
6th International Conference on Power Systems (ICPS), 2016, no.
L pp. 1-5.

[23] C. Nagarmj andmdangalurm Improvement of Harmonic Current
Compensation Energy System, in 2016 [EEE 6th International

‘erence on Power Systems (ICPS). 201 6. 13

[24] M. Abuzied, A. Hamadi, A. Ndioungou, 5. Rahmani. and K. Al-
Haddad, Sliding Mode Control of Three-Phase series Hybnd
Power Filter with Reduced cost and Rating, in JECON 2018 - 44tk
Annual Conference of the IEEE Industrial Electronics Society,
B pp. 1495 1500.

[25] M. Mane and M. K. Namboothiripad, PWM based sliding mode
controller for shunt active power filter, 2017 lnr. Conf. Nascent
Tech§E]ng. ICNTE 2017 - Proc., pp. 1-6, Jan. 2017.

[26] S_S. Patul, R. A. Metri, and O. K. Shinde, Shunt active power

for MV 12-pulse rectifier using PI with SMC controller, in
2017 International Conference on Cireuit ,Power and Computing
Te@&Rologies (ICCPCT), 2017, pp. 1-6.

[27] S. Vazquez, J. Rodriguez, M. Rivera, L. G. Franquelo, and M.
Norambuena, Model Predictive Control for Power Converters and
Drives: Advances and Trends, I[EEE Trans. Ind Electron., vol.
no. 2, pp. 935947, Feb. 2017.

[28] K. Antoniewicz and K. Rafal, Model predictive current control
method for four-leg three-level converter operating as shunt active
power filter and grid connected inverter, Buil. Polish Acad. Sci.

Copyright © 2020 Praise Worthy Prize S.rd. - All rights veserved

61

1
Tech. Scr'.,gl. 65, 10. 5, pp. 601-607, Oct. 2017.

[29] R. Kanagavel, V. Indragandhi, and K. Palanisamy, Design and
Analysis of Model Predictive Control based Direct and Indirect
Current strategy for Single Phase Shunt Active Power Filter,

SC Web Conf., vol. 225, p. 03017, Nov. 2018,

[30] T. Munteanu, G. Gurguiatu, and C. Balanuta, Comparison
Berween Different Control Strategies For Shunt Active Power
Filters, Bul. AGIR, vol. XVIL, no. 3, pp. 385-390, 2012.

[31] A. K. Al-Othman, M. E. AlSharidah, N. A. Ahmed, and B. N.
Alajmi, Model Predictive Control for Shunt Active Power Filter
in Synchronous Reference Frame, J. Electr. Eng. Technol., vol.
11, no. 2, pp. 405-415, Mar. 2016.

[32] A herif, L. Hicham, and B. Kamel, Implementation of
set model predictive current control for shunt active filter, in 2018
& International Renewable Energy Congress (IREC), 2018, no.

.pp. 1-6.

[33] A. K. Panigrahi, R. D. Kulkarni, and D. Sadhu, Design and
simulation of innovative hybrid filter for Harmonic compensation,
in 2016 JEEE st International Conference on Power Electronics,
Intelligent Control and Energy Systems (ICPEICES), 2016, pp. 1-
6.

[34] S. Vazquez et al., Model Predictive Control: A Review of Its
Applications jn Power Electronics, JEEE Ind. Electron. Mag., vol.
8. no. 1, pp. 1, Mar. 2014,

[35] N. Jain and A- Gupta, ConfEl@son b Two Compensation

nt Control Methods of Shunt Active Power filter, Ini. .J Eng.
Gen. Sci., vol. 2, no. 5, pp. 603-615, 2014.

[36] H. Geng. G. Yang, D. Xu, and B. Wu, Model prefe control
for transformerless shunt hybrid power filters, in The 2010
International Power Electronics Conference - ECCE ASIA -,
WA, pp. 2265-2270.

[37] Muhammad H. Rashid, Pewer Electronics Handbook. Cambridge:

terworth-Heinemann, 2018,

[38] Ouadi, H., Et-taoussi, M., Bouhlal, A., Nonlinear Control of
Multilevel Inverter for Grid Connected Photovoltaic System with
Power Quality Improvement, (2017) International Review of
Electrical Engineering (IREE), 12 (1), pp. 43-59.
doi:https://doi.ong/10.15866/iree.v1211.1 0685

[39] Khongkhachat, S., Khomfoi, S., A Sliding Mode Control Strategy
for a Grid-Supporting and Grid-Forr Power Converter in
Autonomous AC Microgrids, (2019) Intemational Review of
Electrical Engineering (IREE), 14(2), pp. 118-132.
doi:https://doiorg/10.15866/iree.v14i2.1 6331

Authors’ information

'Department of Electrical Engineering  Siliwangi  University,
Tasikmalaya, Indonesia.

*Department of Electrical Engineering, Udayana University, Denpasar,
Indonesia.

82

Asep Andang received a Master of%{m’ic&l
Engineering from the Bandung Inme of
Technology in 2006. He now works as a lecturer
at the Depatment of Electrical Engineering at
Siliwangi @fehiversity in Tasikmalaya -
Indonesia. He is currently a Ph.D. candidate at
Udayana University - Indonesia. His research
interests  include Power Quality, Power
Electronics and Drives, Intemet of Things and Automation.

Rukmi Sari Hartarti completed  her
undergraduate program at Sepuluh Nopember
Institute of Technology (ITS), Surabaya -
Indonesia in 1978, She then recei Master
of Technology from Bandung Institute of
Technology (ITB), BandunfZeldonesia in 1994
and Doctor of Philosophy from the University
of Dalhousie - Canada in 2002. Currently, she is
a Professor at the Depar@l of Electrical Engineering at Udayana
University. Her research interests include Power Quality and Power
System Analysis, and System Optimization.

International Review on Modelling and Simulations, Vol 13, N {




Asep Andang et al.

23
I B G Manuaba received a Bachelor‘sggme
in Electrical Engineering from Udayana
Univm'sityeﬁpasar - Indonesia, in 1996 and
a Master in Electrical Engineering from the
Institute of Technology Sepuluh Nopember
(ITS), S ya - Indonesia, in 1999 and
Doctoral de‘ﬁ in Electrical Engineering in

“2016. He is urer at Udayana University and
has been working there since 1999. His research interests are Modeling
and Power Plani ntrol, Operation, Optimization, and Intelligent
Control Systems. He is also a member of The Institute of Electrical and
Electronics Engineers (IEEE) since 2016. .
23

L. N. 8. Kumara, received a Bachelor's degree
in  Electrical Engineering__from Udayana
University, Denpasar - In sia in 1995, a
Master in Electrical Power from the University
y of Newcastle upon Tyne in 1999, and a Ph.D.
‘ from Department of Electrical Electronic and

. Computer Engineering in the United Kingdom

“qin  2006. His research interests include
Renewable Energy Technology, Energy Management, Power
Electronics, and Drive and Smart Systems.

Copyright © 2020 Praise Worthy Prize S.rd. - All rights veserved International Review on Modelling and Simulations, Vol 13, N {

62




Harmonics Reduction on Electric Power Grid Using Shunt
Hybrid Active Power Filter with Finite-Control-Set Model-
Predictive Control

ORIGINALITY REPORT

24, 17, 20« 10«

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

Submitted to Otto-von-Guericke-Universitat 1
%
Magdeburg
Student Paper
docplayer.net
Internchoaice 1%
nur.nu.edu.kz
Internet Source 1%
Rahimi Baharom, Muhammad Zahir Rosman, 'I
%

lhsan Yassin, Nor Farahaida Abdul Rahman.
"Development of Single-Phase Active Power
Filter Using Current Source Inverter (CSI)",
2019 IEEE 9th Symposium on Computer
Applications & Industrial Electronics (ISCAIE),

2019

Publication

SErsc.org ’]
Internet Source %
H WWW.iaescore.com 'I

Internet Source %



=

www.ijert.org

Internet Source

T

www.rspublication.com

Internet Source

T

A.l. Madi. "Shunt PPF Shunt Fuzzy APF based
on MMC Compensating Current Harmonics",
2019 6th International Conference on
Advanced Control Circuits and Systems
(ACCS) & 2019 5th International Conference
on New Paradigms in Electronics &
information Technology (PEIT), 2019

Publication

T

—
-

Submitted to Indian Institute of Technology-

Bhubaneswar
Student Paper

T

—_—
—

lieta.org

Internet Source

(K

L nchacuk <1
researcn-ore <1
Ic;f,e(ren.eltasE)u.ricrentIucca.it <1 o
e metmr.com <71




N <1y
Mohammad A Obeidat, Ayman M Mansouir, <1 o
Baker Al Omaireen, Jalal Abdallah, Fayez
Khazalah, Murad Alagtash. "A Deep Review
and Analysis of Artificial Neural Network Use
in Power Application with Further
Recommendation and Future Direction", 2021
12th International Renewable Engineering
Conference (IREC), 2021
Publication
Y. Mogilevsky, M. Mellincovsky, M. <'] o
Mellincovsky. "Active Power Filter
Applications: State of the Art", 2018 IEEE
International Conference on the Science of
Electrical Engineering in Israel (ICSEE), 2018
Publication
Jintao Lei, Zian Qin, Wuhua Li, Pavol Bauer, <1 o
Xiangning He. "Stability Region Exploring of
Shunt Active Power Filters Based on Output
Admittance Modeling", IEEE Transactions on
Industrial Electronics, 2021
Publication
Submitted to Universiti Teknikal Malaysia <1 o

Melaka

Student Paper




Gabriel Frangopol, Cristinel Radu Dache. "A <1 y
Solution for Reducing Harmonic Regime and ’
Reactive Power Absorbed by a
Cycloconverter", 2019 6th International
Symposium on Electrical and Electronics
Engineering (ISEEE), 2019
Publication
doaj.or

InterngtSourgce <1 %
l. D. G. Ary Subagia, Yonjig Kim. "A study on

| <lw
flexural properties of carbon-basalt/epoxy
hybrid composites”, Journal of Mechanical
Science and Technology, 2013
Publication

Spri_ngerl?riefs in Electrical and Computer <1 o
Engineering, 2014.

Publication
Xu Dianguo. "A 10KV shunt hybrid active filter

e <Il%
for a power distribution system", 2008
Twenty-Third Annual IEEE Applied Power
Electronics Conference and Exposition,

02/2008
Publication
dblp.dagstuhl.de

InternEtSour%e <1 %
theses.gla.ac.uk

InternetSourgce <1 %




uni-tuebingen.de
Internet Source g <1 %
S. M. Said, F. R. Mahamd Adikan, S. Mekhilef, <1 o
N. Abd Rahim. "Implementation of the ’
problem-based learning approach in the
Department of Electrical Engineering,
University of Malaya", European Journal of
Engineering Education, 2005
Publication
Submitted to De Montfort Universit
Student Paper y <1 %
Wenjin Dai. "Direct Power Control Based on <'I y
Three-Phase Shunt Hybrid Power Filter Case ’
Study", 2008 Workshop on Power Electronics
and Intelligent Transportation System,
08/2008
Publication
hdl.handle.net
Internet Source <1 %
H.-L. Jou,J..-C. Wu, Y.-J.. Chang, Y.-T. Fe.ng. "A <1 o
Novel Active Power Filter for Harmonic
Suppression”, IEEE Transactions on Power
Delivery, 2005
Publication
Randhir, D., S. Umashankar, D. Vijayakumar, <'I o

and D.P. Kothari. "Comparative Analysis of
Solution Methods to Power Electronic



Interface Modeling for Renewable Energy
Applications", Advanced Materials Research,
2013.

Publication

Sertac Bayhan, Haitham Abu-Rub. "Predictive <1 y
Control of Power Electronic Converters", ’
Elsevier BV, 2018
Publication
Submitted to University of Edinburgh

Student Paper y g <1 %

ublications.eng.cam.ac.uk

IE?ternetSource g <1 %

Kyung-Hwan Kim, Dong-Seok Hyun. "A High <1 o
Performance DSP Voltage Controller with ’
PWM Synchronization for Parallel Operation
of UPS Systems", 37th IEEE Power Electronics
Specialists Conference, 2006
Publication

P.K.P. Cheung, P.B. Rapajic. "CMA-based code <'I o
acquisition scheme for DS-CDMA systems", ’
|IEEE Transactions on Communications, 2000
Publication

Pal, Yash, A. Swarup, and Bhim Singh. "A <'I o

comparative analysis of three-phase four-wire
UPQC topologies", 2010 Joint International
Conference on Power Electronics Drives and
Energy Systems & 2010 Power India, 2010.

Publication



SHAILENDRA KUMAR JAIN, PRAMOD
AGARWAL. "Design Simulation and
Experimental Investigations, on a Shunt Active
Power Filter for Harmonics, and Reactive
Power Compensation", Electric Power
Components and Systems, 2003

Publication

<1%

Submitted to University of Greenwich
y <1 %

Student Paper

=
N

"COORDINATED TUNING OF PID-BASED PSS
AND AVR USING BACTERIAL FORAGING-
PSOTVAC-DE ALGORITHM", Control and
Intelligent Systems, 2015.

Publication

43 <1%

Mikkili, Suresh, and Anup Panda. "Front
Matter", Power Quality Issues, 2015.

Publication

44 <1%

repository.lib.ncsu.edu <1y
0

Internet Source

5
U

Submitted to Indian Institute of Technology <'] o
0

Guwahati
Student Paper

5
o

pp] Ramesh Babu, Aswant Kumar Sharma, Vijay <1 o
Kumar Gali. "Solar photovoltaic Grid ’

Interconnection for power quality

enhancement at distribution level", Industrial

Engineering Journal, 2019



Publication

arxiv.or
Internet Sour%e <1 %
dr.ntu.edu.s
Internet Source g <1 %
ieeexplore.ieee.or
Internet SFgurce g <1 %
[fMmme.springeropen.com 1
Iiternet SourcE g p < %
ljrer.or q
I-rl1ternet Sm%ce < %
WWW.ejers.or
Internet SOLJJrce g <1 %
www.iitk.ac.in 1
Internet Source < %
L.H. Tey, P.L. So, Y.C. Chu. "Improvement of < o
Power Quality Using Adaptive Shunt Active ’
Filter", IEEE Transactions on Power Delivery,
2005
Publication
Po-Tai Cheng, S. Bhattacharya, D.M. Divan. <'I o

"Application of dominant harmonic active
filter system with 12 pulse nonlinear loads",
IEEE Transactions on Power Delivery, 1999

Publication




S. Bhattacharya, Po-Tai Cheng, D.M. Divan.
"Hybrid solutions for improving passive filter
performance in high power applications", IEEE
Transactions on Industry Applications, 1997

Publication

<1%

Yun Chen, Juntao Fei. "Dynamic Sliding Mode <1 o
Control of Active Power Filter With Integral ’
Switching Gain", IEEE Access, 2019

Publication

93
oo

oprnts i edumy <Tw
oo SR <Tw
i'tterr?ettgoerrcients.strath.ac.uk <1 o
s,StiEm;EErEd to European University of Lefke <1 o

Leszek Cedro, Krzysztof Wieczorkowski. < 1
Differential filters in an adaptive control

system", 2019 20th International Carpathian

Control Conference (ICCC), 2019

Publication

El
w

S.K. Jain, P. Agarwal, H.O. Gupta. "A Control
Algorithm for Compensation of Customer-
Generated Harmonics and Reactive Power",
|IEEE Transactions on Power Delivery, 2004

Publication

<1%

64



Submitted to Victoria Universit
Student Paper y <1 %
eprints.kfupm.edu.sa
E IntErnet Source p <1 %
eprints.whiterose.ac.uk
IntErnetSource <1 %
www.tntech.edu
Internet Source <1 %
E A.M. Gole, M. Meisingset. "An AC active filter <1 o
for use at capacitor commutated HVDC ’
converters", IEEE Transactions on Power
Delivery, 2001
Publication
COMPEL: The International Journal for <1
: L : %
Computation and Mathematics in Electrical
and Electronic Engineering, Volume 33, Issue
1-2 (2014-03-28)
Publication
H. Rudnick, J. Dixon, L. Moran. "Delivering <1
%
clean and pure power", IEEE Power and
Energy Magazine, 2003
Publication
Jos Rodriguez, Jorge Pontt, Csar A. Silva, Pablo <1 o
0

Correa, Pablo Lezana, Patricio Cortes, Ulrich
Ammann. "Predictive Current Control of a



Voltage Source Inverter", IEEE Transactions on
Industrial Electronics, 2007

Publication

Kamala Kant Mishra, Rajesh Gupta. "Chapter <1 o
28 Quality Factor Based Analysis of Radial ’
Distribution System for Active Compensation”,
Springer Science and Business Media LLC,

2021
Publication

Sohaib Qazi, Tabish Nazir Mir, Abdul Hamid <'I y
Bhat, Bhim Singh. "Mean Normalized Multi- ’
objective Predictive Control for Matrix
Converters with Common-mode Voltage
Elimination", 2020 International Conference
on Power, Instrumentation, Control and
Computing (PICC), 2020
Publication
backend.orbit.dtu.dk

Internet Source <1 %
cpb-us-e1.wpmucdn.com

IngrnetSource p <1 %
espace.etsmtl.ca

InterpnetSource <1 %
visnyk.tntu.edu.ua

Interne>t/Source <1 %

Biswajit Sahoo, Anup Kumar Panda, <1 o

Mrutyunjaya Mangaraj, Gyana Manjari Sahoo.



"A Real-Time Comparative Study on the
Performances of UPQC with Different Control
Algorithm", 2020 IEEE 17th India Council
International Conference (INDICON), 2020

Publication

m Jou, H.L.. "Control method for parallel- <1 y
connected hybrid power filters", Electric ’
Power Systems Research, 200509
Publication

M.A. Perez, J.R. Espinoza, J.R. Rodriguez, P. <'I y
Lezana. "Regenerative Medium-Voltage AC ’
Drive Based on a Multicell Arrangement With
Reduced Energy Storage Requirements", IEEE
Transactions on Industrial Electronics, 2005
Publication
Sergio Aurtenechea Larrinaga. "", IEEE

, . . <1
Transactions on Industrial Electronics, 6/2007
Publication
eprints.utem.edu.m

IntErnetSource y <1 %
vbn.aau.dk

Internet Source <1 %
www.fst.umac.mo

Internet Source <1 %

E Bilal Arif, Luca Tarisciotti, Pericle Zanchetta, 1

<l%

Jon C. Clare, Marco Degano. "Grid Parameter
Estimation Using Model Predictive Direct



Power Control", IEEE Transactions on Industry
Applications, 2015

Publication

Huayun Yang. "A Practical Series-Shunt Hybrid
Active Power Filter Based on Fundamental
Magnetic Potential Self-Balance", IEEE
Transactions on Power Delivery, 2008

Publication

<1%

Patricio Cortes, Jose Rodriguez, Rene Vargas,
Ulrich Ammann. "Cost Function-Based
Predictive Control for Power Converters",
IECON 2006 - 32nd Annual Conference on
|EEE Industrial Electronics, 2006

Publication

<1%

Salem Rahmani, Kamal Al-Haddad, Hadi
Kanaan. "Average Modeling and Hybrid
Control of a Three-Phase Series Hybrid Power
Filter", 2006 IEEE International Symposium on
Industrial Electronics, 2006

Publication

<1%

Jose Rodriguez, Patricio Cortes. "Predictive
Control of Power Converters and Electrical
Drives", Wiley, 2012

Publication

<1%

M. Izhar, C.M. Hadzer, M. Syafrudin, S. Taib, S.
Idris. "An analysis and design of a star delta
transformer in series with active power filter
for current harmonies reduction", PECon

<1%



2004. Proceedings. National Power and
Energy Conference, 2004., 2004

Publication

Rupa Mishra, Tapas K. Saha. "Control of a <1 o
stand - alone distributed generation system

with unbalanced and nonlinear load",

International Transactions on Electrical

Energy Systems, 2020

Publication

Tugce Demirdelen, Mustafa Inci, K. Cagatay <'I y
Bayindir, Mehmet Tumay. "Review of hybrid ’
active power filter topologies and controllers",

4th International Conference on Power

Engineering, Energy and Electrical Drives,

2013

Publication

Exclude quotes Off Exclude matches Off
Exclude bibliography Off



