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Abstract: This paper includes analysis of passive filter and active power filter connected to a non-linear
load connected grid system. The non-linear load induces harmonics into the system which is
compensated partly by passive filter and further reduction of harmonics is done using active power filter.
A proposed structure of a parallel hybrid power filter is introduced which is appropriate for group
elimination of current harmonics as well as reactive power compensation in medium or low voltage
power grids. According to the common structures of parallel hybrid filters, the proposed structures
include a series resonance circuit with a small inductance in parallel with the active power filter. In
other words, the passive filter design is a hybrid structure in which the majority of the main reactive
current passes through additional inductance instead of passing through the active power filter, which
reduces the current flowing through the switching equipment of the power converter. Also, due to the
special design of the passive filter in this proposed structure, the active power filter does not need to
withstand the harmonic voltage. Therefore, the result and advantage of these features is that the volt-
ampere of the active power filter is significantly reduced. The conventional proportional gain is replaced
with DSM-PI controller which further reduces the harmonics to lower value. The modeling is done in
MATLAB computer simulation with comparative analysis done with respect to THD.
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Current pulses, such as when an electrical switch is turned
on or off, generate harmonics. A spectrum of harmonic
frequencies, including the fundamental frequency and its
multiples, is produced by these "nonlinear loads" because

1. Introduction

Energy conversion and usage experts are increasingly
worried about power quality and service dependability due
to the nation's booming economy. Some flaws will fail the
electrical power system, and some voltage fluctuations will
significantly impact the functioning of the system,
especially in light of the growing sensitivity and accuracy
of electronic equipment and automated controls. Harmonic
distortion, surges and spikes, and short disturbances always
bring on voltage fluctuations. Overheating of transformers
and wiring, unnecessary breaker tripping, and a decrease in
power factor are all caused by harmonic distortion, which is
defined as voltage or current frequencies superimposed on
typical sinusoidal voltage and current waveforms.
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the current pulse does not fluctuate smoothly with voltage.
Distribution harmonics aren't always an issue, since even
the most power-efficient contemporary electronics emit
harmonic frequencies. However, the more power used by
nonlinear loads, such as those found in modern electronics,
the more harmonic distortion is introduced into the system.
The level of industrial activity in a nation may be roughly
gauged by looking at the amount and quality of its power
production. Harmonic current drawn by nonlinear loads
distorts the voltage, resulting in poor power quality. In
recent years, power electronic devices have become more
commonplace as harmonic sources in a variety of power
system applications. Other systems that inject current or
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voltage harmonic into power systems include arc furnaces,
electronic ballasts, welding equipment, and high-voltage
direct current (HVDC) systems. Large amounts of harmonic
currents may be generated by electrical power equipment at
their structures and action locations. Since harmonic
currents are a kind of power quality degradation, the power
grid would be compromised. Harmonics in power systems
were amplified and were slated for restriction. Limits on
harmonic indices are suggested by IEEE Standard C19. This
specification is for a customer utility PCC and has nothing
to do with actual equipment.

Filter Classification

Transients, noise, and voltage sag and swell are some of the
problems that affect the electric power system and cause the
generation of harmonics, which in turn degrade the power
supplied to the end user. Harmonics, which are integral
multiples of the fundamental frequency and do not
contribute to the active power supply, may occur in voltage
or current waveforms. As a result, the effect of responses at
these frequencies on the behaviour of the system should be
minimised.

This is achieved by installing the filter at the Point of
Common Coupling (PCC), which is the point at which the
load connects to the source. By eliminating the harmonics,
this filter improves the system's efficiency. The many filters
designed for this function are widely accessible. Detailed
explanations of each of them may be found below.

Filters in the literature may be broken down into three
distinct categories. Hybrid filters combine the best features
of active and passive filters. There is a particular subclass
for every major category. Filter types and their respective
categories are shown in Fig. 1

Filters

Active Filter Passive Filter

Hybrid Filter

High Pass
Filter

Low pass
Filter

[Series APF ] [ Shunt APF ] [ UpQC ]

Shunt APF and Shunt APF and APF in series with Series APF and
series APF shunt PF shunt PF Shunt passive filter

Figure 0. Classification of Filters
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2. Methodology

Fig. represents the structure of the recommended parallel
hybrid active power filter system,
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Figure 2 System of the HAPF

Active Power Filter Structure: The inverter is found in the
active part of the circuit. Inverter three-phase voltage
source. Advantages of a VSI DC bus with a high-quality dc
capacitor. This kind of inverter has a low switching
frequency, is portable, and can be upgraded to higher levels
of performance with relative simplicity.

Passive Power Filter Structure: This innovative topology
is built from a sequence of resonant circuits (PPFs). In order
to illustrate the primary benefit of the resonant filter, the
discussion starts with the conjunction of three parallel RLC
branches through inductor L1. The value of inductor L1 is
maintained low and constant. “Resonant circuit has three
branches’ series with inductor L1 as combination of one of
them by L1 resonance at 5th harmonic and other one by L1
resonance at 7th harmonic and the last one branch resonance
with L1 at 12" harmonic.” The 12th harmonic has a high
quality factor (Q), hence the 11th and 13th harmonics are
weakened as a result. With a modest and constant value for
L1, the 5th, 7th, and 12th harmonics and the fundamental
reactive current are diverted away from the active power
filter (APF) and onto the inductor L1. Since the inductor L1
has a low fundamental impedance, the HAPF's active
component is not responsible for transporting the
fundamental voltage and current, which significantly
reduces the APF's voltage-current capacity.

DSM-PI Control

A Dual Sliding Mode PI (DSM-PI) controller combines the
robustness of sliding mode control with the advantages of
PI control, offering improved performance and robustness,
particularly in nonlinear systems, by using two distinct
control modes or switching between Pl and sliding mode
control based on error conditions. SMC is a robust control
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technique that forces the system's trajectory to a
predefined "sliding surface" in the state space, regardless
of disturbances or parameter variations. Integral actions to
reduce steady-state errors and improve system
performance. DSM-PI controllers employ two distinct
control modes or switching between PI and sliding mode
control based on error conditions.

Mode 1 (High Error): When the system error is large, the

controller operates in a sliding mode to quickly drive the
system towards the sliding surface, regardless of
disturbances.
Mode 2 (Small Error): Once the system is close to the
desired state, the controller switch to PI control to fine-
tune the system and achieve accurate tracking and
regulation.
DSM-PI controllers are suitable for controlling nonlinear
processes, such as continuous stirred-tank reactors
(CSTRs) and mixing tanks with variable dead times.
The conventional Pl controller has the gains fixed at one
particular value. Whereas in DSM-PI controller gain values
are frequently changed according to the error generated.
DSM-PI controller is used to obtain current signal from
speed error input. It continuously monitors the proportional
and integral gains respectively and as a result the response
time is minimized.
A PI controller has proportional K, and integral K; gains
fixed at a particular value, that remains constant for both
higher value or lower value of error. While in DSM-PI
controller the values of gains Kp and K; are uneven with
respect to the error generated. If the error in voltage or
current is high, value of gains K, and K; are amplified and
if it is low the gain values are reduced in order to reduce the
settling time.

e,(s) k S+k, i'(s)

Control law
policy and
controller

gain selection
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Fig.3 DSM-PI Control Scheme Block Diagram

The main advantage of this DSM-PI Control scheme is that
the settling time of the speed-time response is decreased
with reduction in disturbances and oscillations and this
helps in faster control and stabilization of current of the
battery hence improving the response time.
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Advantages of DSM-PI Controllers:
Improved Robustness:
DSM-PI controllers inherit the robustness of SMC,
making them less sensitive to disturbances and parameter
variations.
Enhanced Performance:
The PI control mode allows for accurate tracking and
regulation, especially around the set
point.
Reduced Chattering:
The switching between modes can help mitigate the ¢
attering problem often associated
with traditional SMC, especially in nonlinear systems.
Better Transient Response:
The combination of SMC and PI control can lead to faster
settling times and reduced overshoot compared to either
controller alone.

3. Simulation Results and Discussion

The proposed parallel HAPF system is extensively
simulated using MATLAB/SIMULINK. As for the specific
condition that there is low-power factor and excessive
harmonics for the 5th, 7th, 11th, and 13th in the 11-kV grid
of a smeltery, simulation has been down using the topology
structure, which is shown in Fig. 1. Three groups of passive
power filter have been tuned in the 250, 350 and 600 Hz
range and Simulation conditions are in the following: the
line to line voltage is 11kV 50Hz.. The 5th, 7th, 11th, and
13th order harmonic currents modelled as the harmonic
current sources. To illustrate filtering characteristics of the
combined system As a result, the absence or presence of the
active power filter produces distinct differences in filtering
characteristics. The modeling of the proposed test system
with passive and active power filter is shown below in fig 4

| L“| - —E _
Figure 4 Simulink modelin_g of proposed test system with passive and
active power filters

The controller takes feedback from source voltages and
currents for generation of active and reactive power
measurement. The P&Q is filtered using HPF (High pass
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filter) and the reference currents are generated using PQ and ! ‘ ‘ i i ‘
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Figure 7 THD of the source current before connecting filters

Figure 0 Control structure modeling of active power filter inverter control
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Figure 12 Three phase source voltages and currents after
connecting both passive and active filters with P controller
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Figure 13 Three phase source voltages and currents after connecting both
passive and active filters with DSM-PI controller
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Figure 14 THD of the source current after connecting passive and active
filters with DSM-PI controller

All the above THD values are calculated using FFT analysis
tool available in MATLAB Simulink module.

4. Conclusion

A successful novel circuit topology for the three-phase
parallel hybrid active power filter (HAPF) is proposed to
suppress harmonic currents and compensate reactive power
simultaneously in medium or low voltage power systems,
which can greatly reduce the VA rating of the active power
filter (APF). The power rating of the active filter is less than
the recently introduced HAPF. The HAPF structure can
effectively eliminate the harmonic currents of the power
system and strongly compensate the reactive power.
Simulation results prove the effectiveness operation of the
proposed parallel hybrid parallel active filter (HAPF) for
harmonic  currents  suppression,  reactive  power
compensation and simultaneously ability to suppress
parallel and series resonance between system impedance
and shunt passive filter. The harmonics before connecting
the filter is noted to be 27.72% which later dropped to
16.07% with only passive filters. Further reduction of
harmonics is done after connecting active power filter noted
to be 4.45% which further reduced to 2.75% when
proportional gain is replaced with DSM-PI controller.

References

[1] S. Ramprasath, R. Abarna, G. Anjuka, K. Deva Priya, S.
Iswarya, and C. Krishnakumar, Performance Analysis of



IJEASM

Slope-Compensated Current Controlled Universal PV
Battery Charger for Electric Vehicle Applications, vol.
795. 2022. doi: 10.1007/978-981-16-4943-1_38.

[2] A. Patel, “Electrical Power Engineering and
Mechatronics THE IMPACT ANALYSIS OF
MOTORS CURRENT GAIN ON HIGH FREQUENCY
HARMONICS FED FROM INVERTER,” 2021.

[38] O.A.KARAMAN, A. GUNDOGDU, and M. CEBECI,
“Performing reactive power compensation of three-
phase induction motor by using parallel active power
filter,” Int. Adv. Res. Eng. J., vol. 4, no. 3, pp. 239-248,
2020, doi: 10.35860/iarej.731187.

[4] B. Wang and Z. Cao, “A review of impedance matching
techniques in power line communications,” Electron.,
vol. 8 no. 9 pp. 1-25 2019, doi:
10.3390/electronics8091022.

[5] A. Hren and F. Mihali¢, “An improved SPWM-based
control with over-modulation strategy of the third
harmonic elimination for a single-phase inverter,”
Energies,  vol. 11, no. 4, 2018, doi:
10.3390/en11040881.

[6] K. Sur, B. Dhabale, and N. Khobragade, “Performance
Analysis of a Hybrid Filter Composed of Passive and
Active Filter with Active Damper Controller,” vol. 4,
no. 3, pp. 32-38, 2018.

[7]1 Y. Naderi, S. H. Hosseini, S. Ghassem Zadeh, B.
Mohammadi-lvatloo, J. C. Vasquez, and J. M. Guerrero,
“An overview of power quality enhancement techniques
applied to distributed generation in electrical
distribution networks,” Renew. Sustain. Energy Rev.,
vol. 93, pp. 201-214, 2018, doi:
10.1016/j.rser.2018.05.013.

[8] R. Senapati, R. N. Senapati, and M. K. Maharana,
“Study and analysis of performance of 3-phase shunt
active filter in grid-tied PV-Fuel Cell system employing
Sinusoidal Current Control Strategy,” Int. J. Renew.
Energy Res., vol. 8, no. 1, pp. 67-81, 2018, doi:
10.20508/ijrer.v8i1.6571.97282.

[9] H. Singh, M. Kour, D. V. Thanki, and P. Kumar, “A
review on Shunt active power filter control strategies,”
Int. J. Eng. Technol., vol. 7, no. 4, pp. 121-125, 2018,
doi: 10.14419/ijet.v7i4.5.20026.

[10] W. U. K. Tareen and S. Mekhielf, “Three-Phase
Transformerless Shunt Active Power Filter with
Reduced Switch Count for Harmonic Compensation in
Grid-Connected Applications,” IEEE Trans. Power
Electron., vol. 33, no. 6, pp. 4868-4881, 2018, doi:
10.1109/TPEL.2017.2728602.

[11] B. R. Madhu, M. N. Dinesh, and B. M. Ravitheja,
“Design of shunt hybrid active power filter to reduce
harmonics on AC side due to non-linear loads,” Int. J.
Power Electron. Drive Syst., vol. 9, no. 4, pp. 1926-
1936, 2018, doi: 10.11591/ijpeds.v9n4.pp1926-1936.

Paper ID: 2025/1JEASM/5/2025/3152

International Journal of Engineering Applied Science and Management

ISSN (Online): 2582-6948
Vol. 6 Issue 5, May 2025

[12] S. Biricik, O. C. Ozerdem, S. Redif, and M. S. Dincer,
“New hybrid active power filter for harmonic current
suppression and reactive power compensation,” Int. J.
Electron., vol. 103, no. 8, pp. 1397-1414, 2016, doi:
10.1080/00207217.2015.1116113.

[13] I. Ali, V. Sharma, and P. Chhawchharia, “Control
Techniques for Active Power Filter for Harmonic
Elimination & Power Quality Improvement,” Int. J.
Electr. Electron. Data Commun., vol. 4, no. 10, pp. 25—
36, 2016.

[14] V. Meenakshi, G. D. Anbarasi Jebaselvi, and S.
Paramasivam, “Space vector modulation technique
applied to doubly fed induction generator,” Indian J. Sci.
Technol., vol. 8 no. 33, 2015  doi:
10.17485/ijst/2015/v8i33/60766.

[15] A. Ponder, S. Member, I. L. Pham, and S. Member,
“Space Vector Pulse Width Modulation in Wind
Turbines * Generator Control,” IEEE Res. Pap., pp. 1-6,
2014.

[16] Singh, et al., "A mechanism for discovery and
prevention of coopeartive black hole attack in mobile ad
hoc network using AODV protocol." 2014 International
Conference on Electronics and Communication Systems
(ICECS). IEEE, 2014.

[17] Harsh et al., "Design and Implementation of an
Algorithm for Mitigating the Congestion in Mobile Ad
Hoc Network." International Journal on Emerging
Technologies 10.3 (2019): 472-479.

[18] Singha, Anjani Kumar , Kundu, Shakti, Singh, Songare,
Lokendra Singh & Tiwari, Pradeep
Kumar (2024) Measuring network security in the cloud
: A roadmap for proactive defense, Journal of Discrete
Mathematical Sciences and Cryptography, 27:2-B, 889—
902, DOI: 10.47974/JDMSC-1964.

[19] Singha, Anjani Kumar, Singh, Harsh Pratap , Kundu,
Shakti , Tiwari, Pradeep Kumar & Rajput, Ajeet Singh
(2024) Estimating computer network security scenarios
with association rules, Journal of Discrete Mathematical
Sciences and Cryptography, 27:2-A, 223-236, DOI:
10.47974/JDMSC-1876.

[20] Singh et al. “Detection and Prevention of Black Hole
attack In Modified AOMDV Routing Protocol in
MANET?”, International Journal of Engineering Applied
Science and Management, 2020, vol. 1, issue-1.

[21] Rashmi et al, “Prevention Mechanism of Black Hole and
Jamming Attack in Mobile Ad Hoc Network”, Journal
of Harmonized Research in Engineering, 2020, vol 8,
issue 1.

[22] Leena et al., “Reliable Positioning-Based Routing Using
Enhance Dream Protocol In Manet”, International
Journal of Scientific & Technology Research, Vol 9,
issue-1

[23] A. Sandeep, “STUDY OF HYBRID ACTIVE POWER
FILTER FOR POWERQUALITY IMPROVEMENT
Master of Technology STUDY OF HYBRID ACTIVE
POWER FILTER FOR POWER QUALITY Master of


https://doi.org/10.47974/JDMSC-1964

‘ International Journal of Engineering Applied Science and Management
II EASM ISSN (Online): 2582-6948
Vol. 6 Issue 5, May 2025

Technology,” Dep. Electr. Eng. Natl. Inst. Technol.
ROURKELA, 2014.

[24] T. Demirdelen, K. C. Bayindir, and M. Tumay,
“PARALLEL HYBRID ACTIVE POWER FILTER
FOR STATIC REACTIVE POWER AND
HARMONICS COMPENSATION WITH SOGI-PLL,”
no. March, pp. 148-153, 2014.

[25] Rashmi et al.. "Exposure and Avoidance Mechanism Of
Black Hole And Jamming Attack In Mobile Ad Hoc
Network." International Journal of Computer Science,
Engineering and Information Technology 7.1 (2017):
14-22.

[26] Sharma et al., "Guard against cooperative black hole
attack in Mobile Ad-Hoc Network." Harsh Pratap Singh
et al./International Journal of Engineering Science and
Technology (IJEST) (2011).

Paper ID: 2025/1JEASM/5/2025/3152 7



