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Abstract : The primary demand of the modern-day energy networks is to cope up with the power quality demands
of the power grid facilities, this can be achieved by designing the effective power filters which reduces voltage
and current harmonics. The following article is a comparative study on Instantaneous quadrature power theory
and proposed I-Cos v control algorithm to derive the compensation currents of shunt active power filter (SAPF)
which enhance the power condition of the system. In order to monitor the DC-link voltage a proportional—integral
(PI) controller is preferred. By adopting MATLAB/Simulink platform the SAPF is designed for stable non-linear
loads. The triggering pulses are generated by hysteresis current control technique to regulate the turn on and off
of the voltage source inverter (VSI) switches. The simulation results demonstrate that the total harmonic distortion
can be minimized relatively to a lower value by implementing the proposed current control algorithm.

Keywords: Shunt active power filter (SAPF), Instantaneous quadrature power theory (P-Q Theory), I-Cos v
control algorithm, proportional-Integral (P-I) controller, Mitigating the harmonics, Hysteresis current control
technique, Point of common coupling (PCC), Total harmonic distortion (THD).

1. INTRODUCTION

The private and industrialised appliance of all the service companies across the globe [1-2] uses balanced or
unbalanced non-linear electric gadgets which dependence on power electronic switches for its operation. The
contamination of electrical energy distribution network is worst at employment stage due to non-linear loads like,
variable speed and variable frequency drives, voltage controllers, electronic gadgets such as computers, printers,
televisions, servers and telecom systems all of the which uses SMPS power conversion technologies. This results
in the energy quality issues, e.g., harmonic overrefinement, voltage instability, unbalanced current, hissing noise
[3]. The power loss in low-voltage distribution systems is due to harmonic distortion, poor power factor, electric
heat dissipation, insulation hazards, tampering problems in communication systems and electric power system
failure [4,5]. Hence, mitigation of energy quality problems has turned into a matter of discussion for the producers
as well the consumers [6]. With the intention to pertain the direct inoculation of harmonic currents in to the energy
grid, the Institute of Electrical and Electronics Engineering-Standards Association(“IEEE-SA”) superscribe that
the total harmonic distortion (THD) of an electric power system, the IEEE criterion should be less than 5% [7,9].
The literature review reveals the most adequate technology to mitigate harmonic distortions is power filters.
Consistently, to enhance the power condition at the power stations, series and shunt passive power filters are used.
Since, non-linear loads in industrial firms are connected to a rigid energy system, it is demanding to model a
passive filter to mitigate current harmonic disfigure. Above all, the passive filter has its innate flaw like its
extensive size, reverberance with load impedance or supply impedance, unpredictability and inflexible [10]. To
prevail the typical filter’s drawbacks active power filters (APFs) which includes voltage source inverters (VSls)
are put forward as a substitute. APFs owns several features, including a rapid dynamic response, flexibility and
predominant filtering accuracy, qualifying it as a fitting solution for power quality problems [11]. The current
harmonics and quadrature power sensing methods, along with the compensation control algorithm defines the
harmonic reduction competence capability of the shunt active power filter [12-14]. Among the compensation
current control methods, I-Cos y algorithm is rarely implemented. For the extraction of fundamental and harmonic
components many researchers have given out various techniques, for instance determining the reference
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compensation current and regulating the voltage across the DC-link capacitor. In order to restore the distorted
currents at the non-linear loads linked at the point of common coupling (PCC), a reference current is estimated
using current control algorithm. Gary W. et al. [15] recommended a methodology to cut back the harmonic current
in the unstable voltage conditions. A system had been contemplated to lessen the inherent harmonics impact on
the rectifier transformer by eliminating the current distortion along the supply side. [16-19].

The literature review presents a firm groundwork by allowing separate study on the shunt active power filter’s
modelling and regulation. Many researchers have ventured on boosting the energy quality in the balanced system.
Yet, this paper describes the modelling and supervising shunt active power filter’s (SAPF) using proportional—
integral (PI) controller in detail. For reference current extraction by adopting both P-Q theory and I-Cos y control
algorithm is designed using MATL AB/Simulink. By considering stable non-linear loads in a 3-¢b, 3-wire network,
harmonic current compensation technique is implemented.

2. METHODOLOGY
Performance and Configuration of Shunt Active Power Filter: An Overview

The composition of two circuitry: the control circuitry and the power circuitry which involves shunt active power
filter shown in Figure 1[20,21]. The power circuitry is liable for generating the appropriate current compensation
and it has a voltage source inverter (VSI) built on pulse width modulation (PWM) technique and1 a DC-link
capacitor that stores energy, which also regulates and controls the DC voltage. Furthermore, to determine the
instantaneous reference currents, the variation in the harmonic current is continuously tracked by the control
circuitry and thereby controlling the power circuitry to incorporate the necessary distorted current. The
dependency on the harmonic abstraction and technique to control current for the productivity of the harmonic
current compensation will be considered in the later section[22]. The flow of current in the network before
connecting the active power filters (APF) at the PCC is as referred in equation (1) [23]:

is=iL =1L + ix D
is represents supply current, i refers to current in load, i, refers to the primary current element in load and iy

represents the current harmonic element in load.

While the shunt active power filter (SAPF) is equipped near PCC, a pair of supplementary current is present:
compensated current produced using SAPF circuit that equals the harmonic current amplitude with a phase shift
of 180°; and the current (i4c) that is extracted through SAPF circuit from the supply to keep the potential difference
across the capacitor (Vdc) at the set-point. Circulation of current in the electrical network is stated as follows,

is = ip = [iip +Hiu]- ic Hide (@)
ic refers to the implanted compensation current also igc denotes current in the capacitor.

Conceptually, the potential difference across the capacitor of the DC-link decides the harmonious compensation
current. For the generated compensation currents, ic to be uniform with the harmonic currents, iy extracted through
nonlinear load, the potential across the DC-link should be managed at a constant range. Since, both the harmonic
currents are equal in magnitude but opposite in phase angle they seem to cancel out each other, therefore restoring
back the primary waveform with standard frequency, as in equation (3)[23]:

is :i1L+ idc (3)

Je— e

Fig.1 Shunt active power filter arrangement in Three-phase, three-wire system
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2.2 Abstracting the Harmonic Currents:

2.2.1 Instantaneous quadrature power theory:

The prime object of this control algorithm is to measure the necessary current harmonics on the basis of the Clarke
transformation used in time domine analysis of the instantaneous quadrature power theory, where 0-0-f3 stationary
elements derived from a-b-c stationary reference elements. The following matrix representation shows the supply
voltage and current transformation into 0-o-§ correspondent [24]. Figure.2 represents the bond graph presentation
on instantaneous quadrature power theory. Essentially,

[0 0 V3/2 —V/3/2] (va

va|=~2/3] 1 -1/2 1/2 |. [vb] 4)
[vp 1N2 12 12 ] tve

[i0 0 3/2 —J3/2] [ia

ial=~2/31 1 -1/2 1/2 |. [ibl )
Lip 1N2 1N2 142 ] lLic

As, v, vi, and v, are the a-b-c correspondent voltage in 3-¢, i, i», and i. refers to the a-b-c correspondent current
in 3-¢, vy, v, and vg represents the 0-a-f3 correspondent voltage in 3-¢, and iy, i,, and i are the 0-a-3 correspondent
current in 3-¢.

The zero-sequence component is neglected because as mentioned above, present article handles a 3-¢p 3-wire
network. The real and quadrature powers in the a-p correspondents, is denoted as.

S=P+jQ=vap i
=(Va-j vp) (it ip)
= (Volat vpip) +J (Valp - Vpia) (6)

As, S denotes the apparent power, P is the real power, Q refers to quadrature power, and * refers to complex
conjugate.

So, the following matrix represents instantaneous quadrature and real electric energy elements [24]:

P va vf] [ia Rl
Q —vpB  val lip
vic A
—
%)
Vde Pl
LPF Contrller
>
Vabe K
— T P
Calculation LPF
>
- Hysteresis
U lalg N Curent
/ Controller
abe/ p
. qﬁ
N Y Q
labe Calculation LPF
—
Inverse Park's
¥ Transformation Gating
I signal
U Park's 16

Transformation

Fig.2 Bond graph of the P-Q theory

As in equation below, the AC and DC parts are decomposed from the instantaneous real and quadrature power
when associated with the nonlinear load. The DC segment (p) corresponds to the essential power component and
also represents the energy transmitted to the load from the supply side, AC segment(p) serves as the energy
transaction between the load and the supply side. The high-order low-pass filter is involved in the circuit to extract
the DC segment of the active power of the three-phase AC source, can be seen in Figure 2. On relating the
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instantaneous quadrature power element(Q), which is liable for the power flow among the phases at the load side,
q and g, subsequently, shows the elementary portion and harmonic portion of the quadrature power [21].

P=p+p ®)
Q=q+q ©

The AC portion (p) in real power and the entire quadrature power (Q) is necessary for the generation of the
harmonics reference currents. The shunt active power filter preoccupies a slight portion of active power (Pioss)
from the 3-¢p AC supply or from an independent energy source to restore the switching losses of voltage source
inverter. Thereby, The AC portion (p) of the real power is in expression (10). So, matrix equation (11) shows
calculation in the o- B correspondents to the compensation reference current and by using inverse Clarke
transformation a-3 correspondents are transformed back to the a-b-c correspondents, as shown in matrix equation
(12).

5:P_f)+f)loss (10)
iax] 1 [va —vB] [P
[iﬁ *] T vi+vp [vﬁ va ][Q] (11)
ia * -1/2 V3/2  1/V2] tia«
[ib* =\/§/3 1 0 1/\/2 [lﬂ *l (12)
e 172 —J3/2 1p2] Liox
2.2.2 I-Cos vy control algorithm

The abstraction algorithm in deriving the reference currents, that can be accessed down the two categories:
frequency dimension analysis and time dimension analysis. Algebraic transformations and circuit analysis is a
simple control process in the time domain study. Also, the frequency dimension analysis should have a large
memory for processing and is extra complex. The proposed harmonic current abstraction algorithm is a time
dimension approach of I-Cos y control algorithm, MATLAB/Simulink can be used to assemble the simulation
mode. Figure 3. represents the bond graph presentation of I-Cos y compensation current control algorithm.

[ 5 .
Reference source | o s3
currents and gating
pulse generation p— =4
o - i —
iLe Extraction in phase and :I: i ‘
quadrature component of Vep*
load current phase c
=
sin pi cos pi VD
sl
N [
v VP =
- o
sl icapi e
Figure.3 Bond graph of I-Cos y algorithm
Deriving the 3-phase supply voltages from the line voltage and
VUsa 2 1 0 Vsab
Vsp|=1/3|-1 1 0].|Vspe (13)
Usc -1 -2 0 0

the phase amplitude voltage can be calculated using the 3-phase supply voltages as in equation 13 and 14.

2
Vo[22 + v+ 02) (14)

Where, vy, vsp, Vse are the phase voltages, vias, Vire are the line voltages, Vi, is the phase amplitude voltage.
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On dividing equation 13 and 14 we get to derive the in-phase unit templates and quadrature unit templates are
obtained by phase leading the each in-phase unit template by 90 degrees, as explained below.

Usa=Vsa/Vip , usp=Vsp/Vsp , tsc=Vs/Vip
Us=c0SPpa , Ush=cOSDpp , Us=COSDpe (15)
Usaqg=(- -usb-i-usc)/\/ 3, Ugpg=(- 3um+usb-uw)/2\/ 3,
Useg=(-3Usa+ 2usp-tse)/ 2V'3
Usaq=SINDgq , Ushg=SiNDyp , Useq=5INDye (16)
where, U, , Uss , Use are the in-phase unit template and 4 , Uspq , Useq are the quadrature unit template.

Vsa

> » Usa
Vb Computation of the

volfgi:rjw‘;r?p::‘;e%nn g,
Vsc current vector ) usc

Compute
quadrature unit ————————>ushq
>
71 current vector

Fig.4 Unit Template based algorithm

The magnitude of real current component (I1,,) and quadrature current component (I q4a) of phase a is extracted
from the load current (IL.) at the zero crossing of the in-phase unit template (cos®) and quadrature-phase unit
template (sin®) of 3-® PCC voltage. A zero-crossing detector and sample and hold logic are included to abstract
the in-phase and the quadrature load currents of phase a, likewise magnitude of real and quadrature elements of
the other 2-® currents are determined.

To provide load balancing, the magnitude of real power (Iipa) and quadrature power (Iqa) elements of load
currents is obtained by taking the average of the magnitude of real and quadrature elements of each 3-® currents.

ILpA :(ILpa +1Lpb +1ch)/3; ILqA :(Ian +1qu +ILqL)/3 ( 1 7)

The magnitude of the fundamental real power (I, ) and quadrature power (Isyq) elements of reference supply
current

Ly =LiossH1pa, Ly =1y-I1g4 (18)
Estimation of real power(is,’) and quadrature power(isq") elements of reference supply current
Isap =Lipp” COSDpay sty =lpp” COSDpp, isep =Lipp” COSDpe (19)
Isag =Lipg” SINDgay isrg =Lipg" SINDp, iseg =Lipg” SINDye (20)
Estimation of reference harmonic currents
I =lsap Tisaq > I =lstp Tishg's ic =lsep tiseq 21
Techniques to Control the Current:

For the effective performance of the filter switching states by defining the control pulses that can be derived by
various control methods. Amid these methods, the gating signals to the voltage source inverter switches are
generated by employing the hysteresis band current control method. Though there are many approaches to control
the compensation current, but hysteresis current control technique is extensively pre-owned because of its absolute
stable performance, easy circuit configuration, exactness, and quick counter. Through the hysteresis control
technique, about the reference current the substantial current is held at the presumed range called the hysteresis
band (HB). The reference current (i.*, iv*, ic*) in comparison with substantial current (isa, isb, isc) SO as to conserve
the substantial current within the hysteresis limit, based on the error produced, VSI switches are plugged in and
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out. The gate pulses generated to drive VSI are turned off or vice versa, when the substantial current surpasses the
maximum limit of the hysteresis range. Generally, when the current at the output side wants to augment, the
potential across the DC-link goes to the highest value, and when the current wants to decrease then voltage goes
to the lowest value [25].

PI Controller:

Regulating the potential difference at the DC-link capacitor of the voltage source inverter in order to have a
sustained DC voltage at the DC side of the inverter is a critical controlling factors of the shunt active power filter.
Typically, active power filters that achieves the reference harmonic currents includes a capacitor at the DC side
of the VSI to store energy. Conceptually, capacitor present at the DC side of the VSI should not consume any
active power from the AC grid by holding its terminal voltage constant. Virtually, a small fraction of active power
is consumed by VSI for its switching actions, as mentioned earlier [9]. Consequently, the error difference(vdc-
vdc_ref) is furnished to the PI controller thereby, getting a constant DC-link voltage.

In order to regulate the AC voltage at the load side of a 3-phase system, the load voltage at the point of common
coupling (PCC) is compared with the 3-phase reference phase voltage, the error signal is sent to PI controller and
thereby maintaining a reference peak voltage at the PCC.

The transfer functions of the PI controller are given by the gains GPI(s). The amplitude of the source current is
almost equal to the amplitude of the compensation current at high frequency operation of VSI. Hence, the current
controller transfer function of a closed-loop system is presumed to be unity.

s

Gi(s) =—ake ~ 1 (22)

j*
labc

Where Gi(s) denotes the current gain; isae refer to the supply 3-¢p current; i*,c represents the reference 3- ¢
current.

According to the step response of the closed-loop transfer function, the Kp and Ki value of the PI controller is
represented by a block diagram in Figure 7. The controlled DC voltage gain of the closed-loop transfer function
is obtained by Equation (23)

P

Vdc  __ c 23
Vgc_ref s2 +"TP$+@ ( )

vqc 1s the DC voltage, vqc rer denotes the DC reference voltage, Kp is the proportional controller gain, Ki represents
the integral controller gain, and C is the capacitor.

—— e e e e e —— — e ——— ——

| |
|
I Gri(s) |
|

Figure.5 Closed-loop DC voltage regulation

The controlled DC voltage transfer function of the closed-loop system is same as the transfer function of the open-
loop second-order system. On equating the Expression (23) along the Expression (24) which represents the
standard second-order system gain the Kp and the Ki value can be decided.

H(s) = —20 (24)

S2+28wps+wd

w, refers to the natural damping frequency, and ¢ represents damping factor. On trying to equate the Expression
(23) and (24):
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The propounded current control technique with regard to SAPF is executed by employing MATLAB/Simulink
power tool to mitigate harmonic currents due to the nonlinear loads. The Simulation exemplary includes (i) a 3-¢
AC voltage supply, (ii) a non-linear load with a stable system, also (iii) the SAPF on P-Q theory and SAPF on
proposed I-Cos v algorithm is modelled using standard system parameters by using MATLAB/Simulink and the

experimental results are compared using Fast Fourier Transform.

Table 1. Network parameters

Source impedance
Filter impedance
DC-link capacitance
Kp

Ki

Parameter Value
AC voltage source 380 Vph-ph
Frequency 50Hz

Rs=0.1Q, Ls=10mH

Rs=0.0€2, Ls=0.015mH

1000uF, 400V
1.2
20

Tablel, lists the system parameters for the simulation. By considering stable non-linear system, the effectiveness
of both the SAPF control algorithm is studied and compared. The source current and the load current of the system
with a stable non-linear load is non-sinusoidal it is seen in Figure.6. Figure.7, shows the Fast Fourier Transform
of the stable system before connecting the shunt active power filter, in which the total harmonic distortion (THD)
of the system source current is 24.59%, which implies that the source current involves harmonic components
along with the fundamental component which is responsible for the disfigure of the source current.

SOIR/\:-.«*- VY “\‘I‘w' TR w:ﬁ‘ NV '\/\;I:'\ VIV IP\\; NNV AI WYY Iﬂ,r“"sx AT ,N'\]*.ﬁ r’\f‘;:
«»FI'Q\W” ‘f“\ﬂ‘W%J'm”ww“'V»!]‘ "‘“‘-f%"lh"’}m\‘w
S NENENEEARNNRNRIRNENOEN rHL:w | L 'Ml. u_t'; L]
(@) oL L T (Ll L’J‘,, n Hj CYTTTITTTIY T ISARRRRRRERRRAREANI ﬂ Y

_ZO_HJHH'{( wﬂ‘(u;,u(y | y'r.u,l'ﬂ ]
| L | A | | | | |
:j lm W lvvw‘ \/\Jw.;} ‘WM" ‘w'u" ‘A/’t«./‘ ‘\/‘J .,/J.‘,xf !A/'i.rul ‘wm" Wil |nf\/1‘\" Lﬁ\)m,‘ L' ll,«\,ftn; lv‘/\,':,".,f \_
60'—\/ W\ AATAGY ;\/‘.wlj A TAYATAY \,'\ AV \J\;I’g; ATAYY \f : v\ Y r\z\\lx;. AATAATRATAY I J W\ ,\‘I /g\"a,?
Aokl'[\“'{‘,l"\l“q‘”w}"q:H‘IllIl}'llli‘l ,().VI'“‘[l.t“q
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A ‘\,’ : \ . H LA A L s | th ‘ ,! [/L] ‘ A AL i J | J
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20
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Figure.6 (a) supply current; (b) load current prior to the compensation
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Figure.7 FFT analysis prior to compensation of a balanced system

To balance the significant THD, a shunt active power filter was used to conserve sinusoidal current, utilizing P-
Q theory and I-Cos y control algorithm while removing harmonic distortion. Simulink model of the propounded
SAPF using I-Cos y control algorithm is depicted in the figure.8. The disfigured source current is restored back

to the sinusoidal waveform by the implimentation of shunt active power filter is shown in the figure.9.

Figure.8 Simulink model of the proposed SAPF using I-Cos y control algorithm

The FFT analysis of the supply current for a stable non-linear load derived using P-Q theory is shown in the

figure.10, the THD has reduced from 24.59% to 1.46%.
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Figure.9 (a) supply current; (b) load current after compensation
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Figure.10 FFT analysis of the supply current after compensation of a stable system using P-Q theory
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The FFT analysis of the supply current for a stable non-linear load derived using I-Cos y control algorithm is
shown in the Figure.11, the THD has reduced significantly from 24.59% to 0.90%.
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Figure.11 FFT interpretation of supply current after compensation of a stable system using I-Cos y control
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Table 2. Total harmonic distortion (THDs) supply current

No

Load Depiction

% THD of the
supply current

Non-linear load, stable network in
absence of SAPF

Non-linear load, stable network in
presence of P-Q theory based SAPF

Non-linear load, stable network in
presence of I-Cos y control algorithm
based SAPF

24.59

1.46

0.90
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The harmonic spectrum of the supply current for stable grid using above mentioned control algorithms are
synthesised and table 2 compares the results of the two- control algorithms.

4. CONCLUSION

The Shunt active power filter using different control algorithms to extract harmonic currents are studied and
simulated using MATLAB/Simulink. Firstly, depicting P-Q theory based SAPF, this reduces the harmonic effect
on the supply current from the THD 24.59% to 1.86%, this is an effective low THD for a balanced system. On
considering the proposed I-Cos y based SAPF reduces the THD from 24.59% to 0.90%. Hence, from the table
which depicts the THD of the supply current presents that [-Cos y based SAPF is more effective in deteriorating
the power quality problems i.e., harmonic currents compensation, DC-link capacitor voltage regulation, reactive
power compensation for balanced system.

REFERENCE

[1] Nikum, K.; Saxena, R.; Wagh, A. E ect on power quality by large penetration of household non-linear load. In
Proceedings of the 2016 IEEE 1st International Conference on Power Electronics, Intelligent Control and Energy
Systems (ICPEICES), Delhi, India, 46 July 2016; pp. 1-5.

[2] Monteiro, F.; Monteiro, S.; Tostes, M.; Bezerra, U. Using True RMS Current Measurements to Estimate Harmonic
Impacts of Multiple Nonlinear Loads in Electric Distribution Grids. Energies 2019, 12, 4132. [CrossRef]

[3] Rakpenthai, C.; Uatrongjit, S.; Watson, N.R.; Premrudeepreechacharn, S. On harmonic state estimation of power
system with uncertain network parameters. IEEE Trans. Power Syst. 2013, 28, 4829—4838. [CrossRef]

[4] Choudhury, S.R.; Das, A.; Anand, S.; Tungare, S.; Sonawane, Y. Adaptive shunt filtering control of UPQC for
increased nonlinear loads. Iet Power Electron. 2018, 12, 330-336. [CrossRef]

[5] Jarwar, A.R.; Soomro, A.M.; Memon,Z.A.; Odhano,S.A.; Uqaili, M.A.; Larik, A.S. High dynamicperformance
power quality conditioner for AC microgrids. Iet Power Electron. 2018, 12, 550-556. [CrossRef]

[6] Chen, C.-L; Lan, C.-K.; Chen, Y.-C.; Chen, C.-H. Adaptive Frequency-Based Reference Compensation Current
Control Strategy of Shunt Active Power Filter for Unbalanced Nonlinear Loads. Energies 2019, 12, 3080.
[CrossRef]

[7] IEEE Recommended Practices and Requirements for Harmonic Control in Electrical Power Systems. IEEE Std
519-1992 1993. [CrossRef]

[8] IEEE. IEEE Recommended Practice and Requirements for Harmonic Control in Electric Power Systems.
Available online: https://edisciplinas.usp.br/pluginfile.php/1589263/mod resource/content/1/IEE%20Std%
20519-2014.pdf (accessed on 15 January 2020).

[9] Hoon,Y.; Radzi, M.; Amran, M.; Hassan, M.K.; Mailah, N.F. Control algorithms of shunt active power filter for
harmonics mitigation: A review. Energies 2017, 10, 2038. [CrossRef]

[10] Srivastava, G.D.; Kulkarni, R.D. Design, simulation and analysis of Shunt Active Power Filter using instantaneous
reactive power topology. In Proceedings of the 2017 International Conference on Nascent Technologies in
Engineering (ICNTE), Navi Mumbai, India, 27-28 January 2017; pp. 1-6.

[11]Monroy-Morales, J.; Campos-Gaona, D.; Hernéndez—Angeles, M.; Pena-Alzola, R.; Guardado-Zavala, J. Anactive
power filter based on a three-level inverter and 3D-SVPWM for selective harmonic and reactive compensation.
Energies 2017, 10, 297. [CrossRef]

[12] Adam,G.;Stan, A.G.; Livin, t, G. An adaptive hysteresis band current control for three phase shunt active power
filter U sing Fuzzy logic. In Proceedings of the 2012 International Conference and Exposition on Electrical and
Power Engineering, lasi, Romania, 25-27 October 2012; pp. 324-329.

[13] Akagi, H.; Kanazawa, Y.; Fujita, K.; Nabae, A. Generalized theory of instantaneous reactive power and its
application. Electr. Eng. Jpn. 1983, 103, 58—66. [CrossRef]

[14] Artemenko, M.Y.; Mykhalskyi, V.M.; Polishchuk, S.Y.; Chopyk, V.V.; Shapoval, I.A. Modified Instantaneous
Power Theory for Three-Phase Four-Wire Power Systems. In Proceedings of the 2019 IEEE 39th International
Conference on Electronics and Nanotechnology (ELNANO), Kyiv, Ukraine, 16—18 April 2019; pp. 600—605.

[15] Chang, G.W.; Tai-Chang, S. A novel reference compensation current strategy for shunt active power filter control.
IEEE Trans. Power Deliv. 2004, 19, 1751-1758. [CrossRef]

[16] Li, Z.; Hu, T.; Abu-Siada, A. A minimum side-lobe optimization window function and its application in harmonic
detection of an electricity gird. Energies 2019, 12, 2619. [CrossRef]

3727



J. Electrical Systems 20-11s (2024): 3718-3729

[17] Wada,K.;Fujita,H.;Akagi,H.Considerationsofashuntactivefilterbasedonvoltagedetectionforinstallation on along
distribution feeder. IEEE Trans. Ind. Appl. 2002, 38, 1123—1130. [CrossRef]

[18]Mehrasa, M.; Pouresmacil, E.; Akorede, M.F.; Jorgensen, B.N.; Cataldo, J.P. Multilevel converter control
approach of active power filter for harmonics elimination in electric grids. Energy 2015, 84, 722—731. [CrossRef]

[19]Kanjiya, P.; Khadkikar, V.; Zeineldin, H.H. A noniterative optimized algorithm for shunt active power filter under
distorted and unbalanced supply voltages. IEEE Trans. Ind. Electron. 2012, 60, 5376—5390. [CrossRef]

[20] Chaoui, A.; Gaubert, J.P.; Krim, F.; Champenois, G. PI controlled three-phase shunt active power filter for power
quality improvement. Electr. Power Compon. Syst. 2007, 35, 1331-1344. [CrossRef]

[21] Afonso, J.L.; Couto, C.; Martins, J.S. Active filters with control based on the pq theory. IEEE Ind. Electron. Soc.
Newsl. 2000, 47, 5-10.

[22] Ouchen, S.; Gaubert, J.-P.; Steinhart, H.; Betka, A. Energy quality improvement of three-phase shunt active power
filter under di erent voltage conditions based on predictive direct power control with disturbance rejection
principle. Math. Comput. Simul. 2019, 158, 506-519. [CrossRef]

[23]1Hoon, Y.; Radzi, M.; Amran, M.; Zainuri, M.; Atiqi, M.A.; Zawawi, M.A.M. Shunt Active Power Filter: AReview
onPhase Synchronization Control Techniques. Electronics 2019, 8, 791. [CrossRef]

[24] Ali,L.; Sharma, V.; Kumar, P. A comparison of di erent control techniques for active power filter for harmonic
elimination and enhancement of power quality. In Proceedings of the 2017 International Conference on Energy,
Communication, Data Analytics and Soft Computing (ICECDS), Chennai, India, 1-2 August 2017; pp. 2565—
2570.

[25]Omeiri, A.; Zoubir, C. Hysteresis Control for Shunt Active Power Filter under Unbalanced Three-Phase Load
Conditions. J. Electr. Eng. 2015, 2015, 976-984.

[26] Mahaboob, S.; Ajithan, S.; Jayaraman, S. Optimal design of shunt active power filter for power quality
enhancement using predator-prey based firefly optimization. Swarm Evol. Comput. 2018, 44. [CrossRef]

[27] Sundaram, E.; Venugopal, M. On design and implementation of three phase three level shunt active power filter
for harmonic reduction using synchronous reference frame theory. Int. J. Electr. Power Energy Syst. 2016, 81, 40—
47. [CrossRef]

[28] Chaoui, A.; Gaubert, J.-P.; Krim, F. Power quality improvement using DPC controlled three-phase shunt active
filter. Electr. Power Syst. Res. 2010, 80, 657-666. [CrossRef]

[29] Sakthivel, A.; Vijayakumar, P.; Senthilkumar, A.; Lakshminarasimman, L.; Paramasivam, S. Experimental
investigations on ant colony optimized PI control algorithm for shunt active power filter to improve power quality.
Control Eng. Pract. 2015, 42, 153-169. [CrossRef]

[30] Parithimar Kalaignan, T. Power Quality Enhancement by Minimizing Current Harmonics Using Soft Computing
Based Shunt Active and Hybrid Filters. Available online: http://hdl.handle.net/10603/141027 (accessed on 15
January 2020).

[31] Senthilnathan, N.; Manigandan, T. Design and development of three phase shunt active filter with balanced and
unbalanced supply. Int. J. Electr. Eng. 2012, 5, 275-291.

[32] Chelli, Z.; Toufouti, R.; Omeiri, A.; Saad, S. Hysteresis control for shunt active power filter under unbalanced
three-phase load conditions. J. Electr. Comput. Eng. 2015, 2015, 15. [CrossRef]

[33] Amir A. Imam,R.SreeramaKumarandYusufA.Al-Turki. Modelling and simulation of a PI controlled shunt active
power filter for power quality enhancement based on P-Q theory. Electronics 2020, 9, 637,
doi:10.3390/electronics9040637. [CrossRef]

3728



J. Electrical Systems 20-11s (2024): 3718-3729

Hemavathi R currently a research scholar, working as an Associate Professor in
the Department of Electrical and Electronics Engineering at University
Visvesvaraya college of Engineering, Bangalore. She completed her M.E, degree
in Power Electronics from University Visvesvaraya College of Engineering
(U.V.C.E), K.R.Circle, Bengaluru, India in 2001 and the B.E., (EEE) degree from
the Bangalore University. She is an IEEE Senior member, ISTE Life member,
ISLE life member. She has over 20 years of experience in teaching, Three (03)
year in the industry. Her research domain of interest includes Renewable Energy
Sources (RES): Solar Energy, electric drive, Robotics, CNC and Power
Electronics.

She has several innovative and outstanding contributions to academic, research. She has contributed over 30
International/ National publications in peer- reviewed impact Journals.

Ramyashree R currently a PG Scholar at University of Visvesvaraya College of
Engineering, K.R.Circle, Bengaluru, India. She received her B.E. degree from
CMR Institute of Technology, AECS layout ITPL Road Bengaluru, India, in 2016.
Her research interests include applications of Power Electronics in distribution
systems, power quality enhancement and DC-DC Converters in Renewable Energy
Sources.

Umavathi .M, currently working as an Assistant Professor in the Department of

Electrical and Electronics Engineering at B.M.S college of Engineering, Bull

temple Road, Bangalore. She completed her Ph.D. under QIP scheme from Anna

University, Guindy campus, Chennai, Tamil Nadu, India in 2019.The M.E., degree
in Power Electronics from University Visvesvaraya College of Engineering (U.V.C.
E), K R Circle, and Bangalore, India in 2004, and the B.E., (EEE) degree from the
Bangalore University, India in 1999.

She is an IEEE Senior member, ISTE Life member, IEEE PES and IEEE SSIT
member. She has over 18 years of experience in teaching, one (01) year in the
industry and 10 years of experience in research. Her research areas of interest
include Renewable Energy Sources (RES): Solar Energy, Wind Energy, Hybrid Energy Systems, Smart Grid, and
Power Electronics.

She has several innovative and outstanding contributions to academic, research and Supervising 02 research
Scholar under VTU. She has contributed over 4 patents and one Design patent is GRANTED titled “Sun
Tracking Solar Panel” Application No. 364665-001, Journal no. is 04/2024 and Journal date 26/01/2024.

21 International/ National publications in peer- reviewed impact Journals. She reviewed several IEEE
conference papers. Recently, she has been conferred with the Inspiring Professor award registered under MSME,
GOIL. Several sports award in B.M.S College of Engineering, Bull temple road, Bangalore.

On 21* August 2023 Signed a MoU in collaboration with Electric Vehicle based company Innovmon
Technologies Pvt. Ltd. for S years. Completed one consultancy project work titled “Hybrid Energy Systems
for Electric Vehicle Propulsion” worth Rs. 3Lakhs from 6™ November 2023 to 30th April 2024.

3729



