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It is a known fact that the quality of power is degrading at a very fast rate.
The reason behind this is harmonics in the power supply. The main motive is
to reduce the harmonic pollution in the system for various combinations of
the load. The method proposed in this paper consists of hybrid series active
power filter (HSAPF) which is a combination of an active power filter
connected in series and the passive filter in parallel with the load. In order to
generate the compensating signals, synchronous reference method has been
used and the tuning of the proportional integral (PI) controller is performed
with grey wolf optimization technique. It provides the optimized values of
controller parameters that are very much necessary to improve not only the
transient but also the steady state characteristics of the system. For
comparison purposes the tuning of PI controller is also done using the well-
known particle swarm optimization technique. A comparative simulation
analysis is done in MATLAB as well as the results are verified by using

OPAL-RT 4510 real time simulator which proves that the suggested
topology gives better results in terms of total harmonic distortion (THD)
reduction.
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1. INTRODUCTION

The sinusoidal nature of the power supply is affected when harmonics are present in the system [1].
All electric and electronic devices like transformers, compact fluorescent lamps (CFL), light emitting diodes
(LED) lamps, high intensity discharge (HID) lamps, fluorescent tubes (FT), high voltage fluorescent lamps,
air conditioners, rectifiers, inverters, lifts, mobile chargers, transformers cores, arc furnaces, switch mode
power supplies (SMPS), adjustable speed drives (ASD), television (TV), chargers and computers produce
harmonics. The phase relation between voltage and current which should be 0 degree is no more the same
and there exists a phase difference which effects the point of common coupling between system and loads
[2], [3]. To get rid of harmonics and enhance the power quality, filters are implemented in the circuit.
Improving the quality of power and eliminating harmonics is a subject of research and has been addressed by
many researchers in the past by suggesting several methods to implement passive and active filters. The
passive filters suffer from the problem of resonance and large size and therefore are not popular [4], [5]. The
inherent disadvantages of passive filters are resolved by using various types of active filters [6], [7]. The
active filters work on the principle of harmonic compensation. The filtering characteristics are improved
because the actual load current is monitored, and an exact opposite phase of the load current is injected to
nullify the effect of harmonics. Thus, the supply waveform remains sinusoidal [8], [9]. Among the different
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types of active power filters (APF), shunt active power filters (ShAPF) gained popularity for eliminating
harmonics, but they are not suitable for big systems [10]. Instead, series active power filters (SAPF) is
another way to take care of the inherent disadvantages of ShAPF [11], [12]. A set of different combinations
have been tested over the years to improve the filtering characteristics, out of which hybrid active power
filters (HAPF) have been found to provide a viable solution at low cost. In HAPF, the output of the inverter is
regulated to make the load voltage attain the set value [13], [14]. The inverters used are of high-power rating
and also the inverter losses are reduced. But for some industrial applications still ShAPF are a preferred
choice [15]-[18]. The aim of our proposed work is to formulate a technique which can eliminate harmonics
in load voltage and also in source current.

In this paper, the hybrid series active power filter (HSAPF) is designed using optimized proportional
integral (PI) controller gain. In general, the controller does two operations i.e., initiate the switching pulses
which is required for the inverter and generate reference current [19]-[21]. The selection of proper reference
control voltage algorithm is important to reduce harmonics and get improved results. To generate the
reference compensating voltage many methods can be found in the literature and one of them is instantaneous
power theory (p-q) which is also known as synchronous reference frame theory [22].

Till now, the DC link capacitor voltage was controlled using the conventional Pl controller because
of its simple design and also it can be easily applied [23]. Even though with the many advantages of the
conventional PI controller it fails to give the desired results and hence PI controller tuned with the grey wolf
optimization (GWO) and particle swarm optimization technique (PSO) is tested in this research work. It is
found to be more effective, and it gives better performance when compared with the conventional Pl
controller. The main aim of using the optimization technique is to find the Pl controller gain parameters as
per our requirement.

Apart from the optimization algorithms such as genetic algorithm [24], bacterial forging [25],
particle swarm optimization [26], firefly algorithm [27], teaching learning-based optimization [28] the use of
neural networks [29], neural network with fuzzy interface system [30] and the hybrid combination of the
different optimization techniques such as PSO-GWO [31] and GA-PSO are also found in literature that can
optimize the controller gains to give the required result. The basic idea behind using this optimization
techniques is to estimate the PI controller gains as per minimum objective function. So, the GWO technique
is proposed here to tune the controller parameters and to improve the DC link capacitor accuracy. The GWO
technique makes the DC-link voltage more stable and faster as compared to other techniques. The optimized
value of PI controller gains obtained from GWO technique is used in the HSAPF control scheme to mitigate
power quality issues. The HSAPF with control algorithm is built in MATLAB Simulink and its performance
is analysed for different types of non-linear loads. To verify the simulation results, the experimental set up
has been done and the OPAL-RT 4510 simulator is used to validate the performance of the designed system.
The total harmonic distortion (THD) in source current and load voltage are shown and compared with the
results obtained from the existing technique. The harmonic spectrums justify that the proposed topology
restricts the harmonics level well under 5% for medium voltage application as per IEEE 519-2014 Standards.
The nonlinear load which consumes some reactive power is also mitigated to ensure the unity power factor
operation of the system.

The sequence of the remaining part of the paper is aligned as follows: the optimization techniques
and the objective function is given in Section 2. The overview of system topology and synchronous reference
method is explained in section 3. In Section 4 all the simulation results are discussed in detail whereas the
Section 5 includes the experimental results obtained using OPAL-RT 4510 simulator. Section 6 gives the
conclusion.

2. OPTIMIZATION TECHNIQUES
This section presents a brief algorithm of PSO, GWO and the objective function which is designed
as the minimum function for obtaining PI controller gains.

2.1. Particle swarm optimization

In this technique all individuals are given a position in the solution space which is continuously
updated till the desired objective is reached [32]. The best position is obtained as per the defined objective
function for which the controller gains are optimized and the error between the desired reference voltage and
the voltage obtained across the DC link capacitor reaches to a minimum value. The error can be described as:

Error(e) = Reference voltage — V. (1)

where Vg is capacitor voltage. The controller output is as given in (2):
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Ocont = Kproper(t) +K fot er(t) int (2)

The tuning of PI parameters is a major issue since the load is variable in nature and in such varying
load conditions the DC link voltage should remain constant. The application of PSO in our proposed system
is explained in section 2.3. PSO searches for best position in the entire search space and rely on mathematical
expression as given in (4).

Vo(m+1) = w * Vy(m) + ¢y x 1y * [Xg15(m) — Xo(m)] + ¢ %7 * [Xges(m) = X,(m)]  (3)
and
X,(m+1) =X,(m) +V,(m+ 1) 4)

The notations m and q denote number of iterations and q is the particle number. The term V, (m) and
X, (m) defines the velocity and position of the particle at mt iteration. The other constants such as ¢; and c;
are basically the cognitive part and r is the random number in range [0,1]. X;,5(m) and X,s5(m) are the

local and global optima of the g particle attained so far in the entire search space. The corresponding
flowchart is shown in Figure 1.
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Figure 1. Flow chart of PSO technique

2.2. Grey wolf optimization

In GWO technique the first step is to select the population of grey wolves which are termed as the
candidates [33]. The prey which is at a distance is designated as the optimum solution. The random members
(A and C) support the candidates encircling the prey. The method adopted for hunting is given as,

P

D=|C+X,(9) - X(g)| (5)

- —

X(g+1)=X,(9)—AxD (6)
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where g represents the current iteration, A and C are coefficient vectors, XTD is the position vector of the prey,

D and X indicates the distance and position vector of grey wolf. 4 = 2d 77 — d@ and C = 2 = 7,. Here value
of d is linearly decreased from 2 to 0 and r; and r, are basically the random vectors defined in the range
[0,1]. The corresponding flowchart is shown in Figure 2.
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Figure 2. Flow chart of GWO technique

2.3. Obijective function

As per the requirement, m(x) is used to minimize PI controller gains (Kp, Ki). After g™ iterations
optimal result is considered as the best solution from the given population size. It is represented
mathematically as (7):

ITSE = m(x) = [, e*(t)dt ()

The ITSE is the integral time square error, which when minimized gives the optimal values of
controller parameters. The error (e) is e = V. — V. where V. is DC link voltage and V. is the reference
voltage. It has two variables K, and K; which needs to be tuned. The controller variables are defined as

x = (Kp,KL-)T € R. The search space is given by S = {x € R, xmax,,;,,} and R is the positive real number.
The workspace data of ITSE which is the fitness function is extracted at every step and provided to
optimization algorithm so that fine tuning of K, and K; is obtained. Hence the optimization technique
minimizes the fitness function and is represented as (8).

Minimize{ITSE(K,, K;)} (®)
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3. OVERVIEW OF SYSTEM TOPOLOGY

HSAPF consists of two types of filters connected to the load: one type is connected in series
whereas the other in parallel. Figure 3 shows the block diagram of HSAPF. Series connected filter is known
as active filter and has three components, namely: i) full bridge inverter, ii) DC link capacitor, and iii) three-
phase LC filter. Parallel connected filter is known as passive filter. It helps to get rid of 57, 7t 11% and 13"
harmonics from the system.
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Figure 3. Block diagram of HSAPF

4.  SIMULATION RESULTS

In this section the performance of Pl controller based HSAPF for two types of non-linear load
conditions—RL and RLC loads are presented. The simulation is performed in MATLAB. The Simulink model
of the designed system is as shown in Figure 4 and the system parameters are given in Table 1. To evaluate
the % THD of load voltage and the source current FFT analysis is done, and it is found to be as per IEEE 519
Standard for the proposed model. The reference voltage is calculated as 85 volts.
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Figure 4. Simulink model of the desired system
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Table 1. System parameters
Parameters Values
Line voltage and frequency V, =220V (rms),F, =50 hz

Line impedance Ly =0.5mH,R,__0.1 = ohm
Non-linear load L, =30mH,R, = 25 ohm,C, = 50 uF
Series active filter parameter C.=60uF, L. =1.35mH
Cye = 1200 puF,Vy. =85V
Passive filter parameter Ly =236mH,Cr = 70 uF
PI controller parameter tuned with GWO  K,,; = 1.3922,K;; = 1.2181, K,,, = 1.3446, K;, = 1.2253
Ts and switching frequency T, =50e7% f, = 1Khz

The discussion presented here is divided into four cases, case 1 and 2 debates about the performance
of HSAPF with PI controller tuned using PSO and GWO technique respectively for RLC load. Case 3 and 4
is devoted for assessing the effectiveness of PSO and GWO tuned HSAPF with PI controller respectively for
RL load. The performance characteristics of DC link voltage is also evaluated in time domain for RLC load.
For the purpose of comparison, %THD of source current and load voltage is calculated before applying
compensation for both the types of load conditions. Also, to show the effectiveness of the optimization
technique %THD is calculated for the system with HSAPF tuned with conventional P1 controller.

4.1. Case 1: PI controller tuned with PSO technique (RLC load)

In this case, the controller parameters are tuned with the PSO technique. The % THD is drastically
reduced to 4.53% in source current and 4.92% in the load voltage. Figure 5 represents the source current and
load voltage waveform under steady state conditions. Figures 6 to 9 give an idea about the harmonic
pollution before and after compensation in current and voltage waveform.
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Figure 5. Steady state source current and load voltage
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Figure 6. THD (%) source current before compensation
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Figure 9. THD load voltage after compensation

Figure 10 represents the capacitor accuracy. Figure 10(a) shows the graph of DC link voltage (Vc)
and reference voltage. Figure 10(b) shows the resultant error plot. It can be seen that the error is almost
reduced to zero. Figure 11 shows the time response graph of DC link capacitor voltage. The system
parameters as shown in the graph are evaluated for 2% tolerance band. The % peak overshoot is 49.88%, rise
time is 0.0184 s and the settling time is 2.19 s. These specifications indicates that the system performance
needs to be improved and it could be done only when all these parameters are reduced further to give a better
time response characteristic.
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Figure 10. Capacitor accuracy of (a) reference and DC link voltage and (b) resultant error plot
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4.2. Case 2: PI controller tuned with GWO technique (RLC load)
In the proposed system the PI controller is tuned with the GWO technique since the PSO has the
disadvantage that under heavy optimization constraint it gets struck in the local minima and therefore that
problem can be resolved with the GWO technique. The results obtained prove the efficacy of the system over
the existing optimization techniques used to tune the controller parameters. Figure 12 shows that the THD in
the source current is now reduced to 3.89% as compared to 4.53% and Figure 13 describes the harmonic
pollution in the load voltage is now 4.54% as it was 4.92% in case when the controller parameters were
obtained through PSO. The accuracy of DC link capacitor voltage (Vq) is shown in Figure 14 and its
performance in terms of % peak overshot, rise time and settling time is depicted in Figure 15. The % peak
overshoot is 36.7%, rise time is 0.018sec and the settling time is 0.99sec which is far better than the time
domain specifications obtained while the swarm optimization technique is used to tune the controller gains.
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Figure 12. THD (%) source current using GWO technique
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Modelling and validation of hybrid series active filter for power quality

... (Nitisha Shrivastava)



ISSN: 2088-8708

1282 O
100 DC link voltage
o
el
> 50
Ot
0 1 2 3 4 5

Time (seconds)

Figure 14. DC link voltage

Reference
—— DC link veltage

- GWO

% Mp=36.7%

100
@
T g5
= - Tolerance band (2%)
= \ 1
B}:
833
BOf N \
tr=0.018s Ts=0.99s
T
]
] 0.5 1 1.5
Time (s)

Figure 15. Performance characteristics of DC link voltage using GWO technique

4.3. Case 3: PI controller tuned with PSO technique (RL load)
In this case the results are obtained for the RL load while considering that the conventional Pl

controller is tuned with the PSO technique, and it was observed from Figures 16 and 17 that the harmonic
pollution in both the current and the voltage is now 4.35% and 4.22%. Although the results obtained are quite
satisfactory but still further improvement can be done to reduce the THD and improve the quality of the
waveform. The gain parameters obtained by tuning the controller with the PSO technique are given as:

K,, = 4.855
Kil = 2489
K,; = 3.569
K,, = 8.759

These gains are obtained when the fitness function that is ITSE reaches the minimum value.
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Figure 16. THD (%) source current using PSO technique
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Figure 17. THD (%) load voltage using PSO technique

4.4. Case 4: PI controller tuned with GWO technique (RL load)

It is clear that the proposed system is effective even for the RL load since Figure 18 shows that the
% THD is now 3.63% in the source current when PI controller parameters are tuned with the GWO technique
and the Figure 19 represents THD in the load voltage which has been dropped down from 4.22% to 4.20%.
Since, there is a marginal reduction in the THD of the load voltage but the results are quite satisfactory for
the source current and the THD drops down to a minimum value that’s 3.63% which strongly supports the
proposed algorithm and exceeds over the conventional algorithms.

A comparison of % peak overshoot, rise time and settling time for RLC load is tabulated in Table 2.
It can be seen that the time response characteristics is improved when Pl controller is tuned with GWO
technique. Similar analysis is performed for RL load and it is found that the proposed method (GWO-PI)
gives improved results.
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Figure 19. THD in load voltage using GWO technique

Modelling and validation of hybrid series active filter for power quality ... (Nitisha Shrivastava)



1284 O ISSN: 2088-8708

Table 2. Time response characteristics for RLC load
S.No  Tuning method % Peak overshoot  Rise time (s)  Settling time (s)
1 PSO-PI 49.88 0.0184 2.19
2 GWO-PI 36.70 0.0180 0.99

5. EXPERIMENTAL RESULTS

In order to verify the results obtained through simulation an experimental set up has been done and
the results are validated by the use of real time OPAL RT-4510 simulator. Figure 20 shows the experimental
set up of the simulator. Figure 21 shows the OpComm block required to see the output of the real time

simulator which consists of source current and source voltage for two different loading conditions (RL and
RLC load).

In1
In2 —‘
f
In3 _I_: o - >
Acg=1 ] |—>
Ind 3

OpComm >

Scope

Figure 21. OpComm block

5.1. Case 1: RLC load (software synchronized results)

In this case the results are validated for the RLC load using the real time simulator. It is clear from
the analysis that the THD is minimum and as per the IEEE Standard 519. Figures 22 and 23 shows the steady
state characteristics of the load current and the source voltage for RLC load respectively.
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Figure 22. Steady state characteristics of load current using OPAL RT-4510 for RLC load
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Figure 23. Steady state characteristics of source voltage using OPAL RT—4510 for RLC load

5.2. Case 2: RL load (software synchronized results)

Figures 24 and 25 shows the steady state characteristics of the load current and the source voltage
for RL load. A comparison of % THD for both RLC and RL loads is tabulated in Table 3. It can be seen that
the THD is least when PI controller is tuned with GWO technique. Since, it is clear that for the RLC load
THD in source current is 3.89% which is minimum using the proposed GWO technique and similarly it is
minimum for the RL load in case of source current.
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Figure 24. Steady state characteristics of load current using OPAL RT—4510 for RL load
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Figure 25. Steady state characteristics of source voltage using OPAL RT-4510 for RL load
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Table 3. THD comparison (%)

Loads THD (before compensation) THD (Pl) THD (PI-GWQ) THD (PI-PSQ)
RLC load (source current) 10.71% 6.93% 3.89% 4.53%
RLC load (load voltage) 23.13% 6.19% 4.70% 4.92%
RL load (source current) 14.29% 6.50% 3.63% 4.35%
RL load (load voltage) 36.14% 4.74% 4.20% 4.22%

Further, the comparison has been made for the THD in the load voltage for RL and RLC load and
the results clearly shows the edge the optimization technique has over the existing conventional algorithms.
Similarly, the analysis is carried out for load voltage and the source current and it was observed that the
experimental results are well according to the simulation results obtained using MATLAB. Further, a table is
given below summarizes the THD in different cases obtained using OPAL RT 4510 simulator.

The effect of harmonics introduced in the system due to non-linear loads is such that it deteriorates
the quality of power delivered to the consumer. These power quality issues reduce the life and efficiency of
the equipment as it causes overheating, insulation breakdown, over speeding of motors etc. The harmonic
mitigation method proposed in this paper to snub harmonics is a grey wolf optimizer controlled HSAPF. The
four cases considered here to examine the performance of HSAPF are all non-linear loads. The synchronous
reference frame method-based control has been used to produce reference signals for supply voltages from
evaluated fundamental components of load voltages. Inside the control algorithm, the GWO technique is used
for achieving the best numerical value of PI controller gains. Therefore, tuning of PI-controller gain values is
the considered as the most important factor for the efficient operation of HSAPF. The numeric values
obtained by tuning the PI controller gains with the grey wolf optimization technique are chosen as the gains
values corresponding to the minimum objective function that is integral time square error (ITSE). This has
further resulted in improved DC link characteristics in terms of time domain specifications when compared to
conventional tuning method. The simulations results show that the %THD in load voltage and source current
is drastically reduced for both types of loads—RL and RLC. The results tabulated in Table 3 compare the
response of the proposed method with the response of the system before applying any compensation, by
using conventional PI controller and by using PSO-PI controller. The simulations have been performed in
MATLAB and the results contained are also validated through an experimental set up using real time OPAL
RT-4510 simulator.

6. CONCLUSION

Harmonics are created by nonlinear loads and switched devices which are majorly used in
industries. However now a days many residential and building lighting loads produce more harmonics.
Zillions of people hooked to computers and mobiles continuously inject harmonics back into the power
distribution system. As is known, the use of inductors and capacitors in loads or in supply sources reduces
current in harmonics. Performing harmonic analysis and mitigation studies also helps in integration of
renewable energy sources for sustainable power system operation. The harmonic mitigation method proposed
in this paper to snub harmonics is a grey wolf optimizer controlled HSAPF. The proposed design mitigates
the harmonics in the source current and the load voltage to the desired level as set by the IEEE Standard 519
for the different categories of nonlinear load conditions—RL and RLC. It is further observed that the proposed
GWO optimized based hybrid series APF gives better harmonic elimination as compared to the existing
hybrid filters tuned with the conventional techniques as available in the literature. It is also shown in the
proposed work that the implemented GWO-PI tuned method is better than PSO-PI tuned method in terms of
improving the time response specifications of DC link capacitor voltage. The simulation results presented in
this paper are validated using real time OPAL-RT 4510 simulator which proves the effectiveness of the
designed approach when compared to the results obtained by MATLAB. The designed system effectively
reduces the harmonics in the supply waveform.

REFERENCES

[1] T. S. Haugan and E. Tedeschi, “Reactive and harmonic compensation using the conservative power theory,” in 2015 Tenth
International Conference on Ecological Vehicles and Renewable Energies (EVER), Mar. 2015, pp. 1-8, doi:
10.1109/EVER.2015.7112914.

[2] T.P.and Y. N., “Design of current source hybrid power filter for harmonic current compensation,” Simulation Modelling
Practice and Theory, vol. 52, pp. 78-91, Mar. 2015, doi: 10.1016/j.simpat.2014.11.008.

[31 A. K. Mishra, M. K. Pathak, and S. Das, “Isolated converter topologies for power factor correction; a comparison,” in 2011
International Conference on Energy, Automation and Signal, Dec. 2011, pp. 1-6, doi: 10.1109/ICEAS.2011.6147078.

[4] R. Arnold, “Solutions to the power quality problem,” Power Engineering Journal, vol. 15, no. 2, pp. 65-73, Apr. 2001,
doi: 10.1049/pe:20010202.

Int J Elec & Comp Eng, Vol. 15, No. 2, April 2025: 1274-1288



IntJ Elec & Comp Eng ISSN: 2088-8708 O 1287

[5]
[6]
[71
(8]
[9]
[10]

[11]

[12]

[13]
[14]
[15]
[16]

[17]

[18]
[19]
[20]

[21]

[22]

[23]
[24]

[25]

[26]

[27]

[28]
[29]
[30]

[31]

[32]

[33]

B. Singh, V. Verma, A. Chandra, and K. Al-Haddad, “Hybrid filters for power quality improvement,” IEE Proceedings -
Generation, Transmission and Distribution, vol. 152, no. 3, p. 365, 2005, doi: 10.1049/ip-gtd:20045027.

O. Prakash Mahela and A. Gafoor Shaik, “Topological aspects of power quality improvement techniques: a comprehensive
overview,” Renewable and Sustainable Energy Reviews, vol. 58, pp. 1129-1142, May 2016, doi: 10.1016/j.rser.2015.12.251.

R. Zahira and A. Peer Fathima, “A technical survey on control strategies of active filter for harmonic suppression,” Procedia
Engineering, vol. 30, pp. 686-693, 2012, doi: 10.1016/j.proeng.2012.01.915.

A. Bhattacharya, C. Chakraborty, and S. Bhattacharya, “Shunt compensation,” |IEEE Industrial Electronics Magazine, vol. 3,
no. 3, pp. 38-49, Sep. 2009, doi: 10.1109/MIE.2009.933881.

Z. Shuai, A. Luo, C. Tu, and D. Liu, “New control method of injection-type hybrid active power filter,” IET Power Electronics,
vol. 4, no. 9, p. 1051, 2011, doi: 10.1049/iet-pel.2010.0353.

N. Devarashetti, Y. R. Reddy, and P. V. Kishore, “Design and simulation of hybrid active power filter using the adaptive fuzzy
dividing frequency control method,” International Journal of Scientific & Engineering Research, vol. 2, no. 12, pp. 1-9,
2011.

H. Akagi, “Control strategy and site selection of a shunt active filter for damping of harmonic propagation in power distribution
systems,” IEEE Transactions on Power Delivery, vol. 12, no. 1, pp. 354-363, 1997, doi: 10.1109/61.568259.

S. Rahmani, N. Mendalek, and K. Al-Haddad, “Experimental design of a nonlinear control technique for three-phase shunt
active power filter,” |IEEE Transactions on Industrial Electronics, vol. 57, no. 10, pp. 3364-3375, Oct. 2010, doi:
10.1109/TIE.2009.2038945.

Sangsun Kim and P. N. Enjeti, “A new hybrid active power filter (APF) topology,” IEEE Transactions on Power Electronics,
vol. 17, no. 1, pp. 48-54, Jan. 2002, doi: 10.1109/63.988669.

R.-X. Fan, A. Luo, and X.-R. Li, “Parameter design and application research of shunt hybrid active power filter,” in Proceedings
of the Chinese Society of Electrical Engineering, 2006, pp. 106-111.

M. Kale and E. Ozdemir, “Harmonic and reactive power compensation with shunt active power filter under non-ideal mains
voltage,” Electric Power Systems Research, vol. 74, no. 3, pp. 363370, Jun. 2005, doi: 10.1016/j.epsr.2004.10.014.

M. El-Habrouk, M. K. Darwish, and P. Mehta, “Active power filters: a review,” IEE Proceedings - Electric Power Applications,
vol. 147, no. 5, p. 403, 2000, doi: 10.1049/ip-epa:20000522.

R. El Shatshat, M. Kazerani, and M. M. A. Salama, “Power quality improvement in 3-phase 3-wire distribution systems using
modular active power filter,” Electric Power Systems Research, vol. 61, no. 3, pp. 185-194, Apr. 2002, doi: 10.1016/S0378-
7796(02)00006-8.

H. Akagi, E. H. Watanabe, and M. Aredes, Instantaneous power theory and applications to power conditioning. Wiley,
2017.

D. Rivas, L. Moran, J. Dixon, and J. Espinoza, “A simple control scheme for hybrid active power filter,” |IEE Proceedings -
Generation, Transmission and Distribution, vol. 149, no. 4, p. 485, 2002, doi: 10.1049/ip-gtd:20020213.

S. Rahmani, A. Hamadi, and K. Al-Haddad, “A Lyapunov-function-based control for a three-phase shunt hybrid active filter,”
IEEE Transactions on Industrial Electronics, vol. 59, no. 3, pp. 1418-1429, Mar. 2012, doi: 10.1109/TIE.2011.2163370.

S. Mikkili and A. K. Panda, “PI and fuzzy logic controller based 3-phase 4-wire shunt active filters for the mitigation of current
harmonics with the Id-Iq control strategy,” Journal of Power Electronics, vol. 11, no. 6, pp. 914-921, Nov. 2011, doi:
10.6113/JPE.2011.11.6.914.

A. Bhattacharya and C. Chakraborty, “A shunt active power filter with enhanced performance using ANN-based predictive and
adaptive controllers,” IEEE Transactions on Industrial Electronics, vol. 58, no. 2, pp. 421-428, Feb. 2011, doi:
10.1109/TIE.2010.2070770.

K. J. Astrom and T. Higglund, “The future of PID control,” Control Engineering Practice, vol. 9, no. 11, pp. 1163-1175, Nov.
2001, doi: 10.1016/S0967-0661(01)00062-4.

Q. Long, “A constraint handling technique for constrained multi-objective genetic algorithm,” Swarm and Evolutionary
Computation, vol. 15, pp. 66-79, Apr. 2014, doi: 10.1016/j.swevo0.2013.12.002.

T. Sudhakar Babu, K. Priya, D. Maheswaran, K. Sathish Kumar, and N. Rajasekar, “Selective voltage harmonic elimination in
PWM inverter using bacterial foraging algorithm,” Swarm and Evolutionary Computation, vol. 20, pp. 74-81, Feb. 2015,
doi: 10.1016/j.swev0.2014.11.002.

J. Kennedy and R. Eberhart, “Particle swarm optimization,” in Proceedings of ICNN’95 - International Conference on Neural
Networks, 1995, vol. 4, pp. 1942-1948, doi: 10.1109/ICNN.1995.488968.

S. Mahaboob, S. K. Ajithan, and S. Jayaraman, “Optimal design of shunt active power filter for power quality enhancement using
predator-prey based firefly optimization,” Swarm and Evolutionary Computation, vol. 44, pp. 522-533, Feb. 2019, doi:
10.1016/j.swevo.2018.06.008.

Z. Cui, C. Li, W. Dai, L. Zhang, and Y. Wu, “A hierarchical teaching-learning-based optimization algorithm for optimal design of
hybrid active power filter,” IEEE Access, vol. 8, pp. 143530-143544, 2020, doi: 10.1109/ACCESS.2020.2995716.

M. Igbal et al., “Neural networks based shunt hybrid active power filter for harmonic elimination,” IEEE Access, vol. 9,
pp. 69913-69925, 2021, doi: 10.1109/ACCESS.2021.3077065.

G. Goswami and P. K. Goswami, “ANFIS supervised PID controlled SAPF for harmonic current compensation at nonlinear
loads,” IETE Journal of Research, vol. 68, no. 5, pp. 3585-3596, Sep. 2022, doi: 10.1080/03772063.2020.1770134.

A. K. Mishra, S. R. Das, P. K. Ray, R. K. Mallick, A. Mohanty, and D. K. Mishra, “PSO-GWO optimized fractional order PID
based hybrid shunt active power filter for power quality improvements,” IEEE Access, vol. 8, pp. 7449774512, 2020,
doi: 10.1109/ACCESS.2020.2988611.

S. S. Patnaik and A. K. Panda, “Real-time performance analysis and comparison of various control schemes for particle swarm
optimization-based shunt active power filters,” International Journal of Electrical Power & Energy Systems, vol. 52,
pp. 185-197, Nov. 2013, doi: 10.1016/j.ijepes.2013.03.014.

S. Mirjalili, S. M. Mirjalili, and A. Lewis, “Grey wolf optimizer,” Advances in Engineering Software, vol. 69, pp. 46-61, Mar.
2014, doi: 10.1016/j.advengsoft.2013.12.007.

Modelling and validation of hybrid series active filter for power quality ... (Nitisha Shrivastava)



1288 O ISSN: 2088-8708

BIOGRAPHIES OF AUTHORS

Nitisha Shrivastava { B B8 © s B.E. in electrical and electronics engineering, M.Tech. in
electronic instrumentation and control engineering and Ph.D. in instrumentation and control
engineering from Netaji Subhas University of Technology, New Delhi, India (Formerly NSIT,
University of Delhi). She has published several research papers in conferences and journals.
Presently she is working as assistant professor in the Department of Electrical and Electronics
Engineering, Ajay Kumar Garg Engineering College, Ghaziabad, India. Her research interests
include mixed mode signal processing, fractional calculus and control in power system.
She is an IEEE member and a life member of IETE. She can be contacted at email:
nitishashrivastav@gmail.com.

IZ
[

Arjun Baliyan F:0 B4 © received B.Tech. degree in electrical and electronics engineering
from UPTU, Uttar Pradesh, India and M.Tech. degree in power system from Birla Institute
Technology, Mesra, India. He is PhD from Department of Electrical Engineering, Jamia Milia
Islamia, New Delhi, India. His research areas include smart building energy management
system and renewable energy systems. He can be contacted at: arjunbaliyaneee@gmail.com.

Int J Elec & Comp Eng, Vol. 15, No. 2, April 2025: 1274-1288


https://orcid.org/0000-0001-9488-3761
https://www.scopus.com/authid/detail.uri?authorId=55669022800
https://orcid.org/0000-0002-0167-5582

