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1. INTRODUCTION

Today in many cities, the growth of power quality problems due power electronic equipment such as
programmable logic controller, electronic lightning, adjustable speed drive, together with other nonlinear loads
has become an issue to power engineers. This leads to generation of harmonics and thereby causing changes
in electrical nature of current and voltage of the power supply. Low power quality introduced harmonic currents
and voltages into power system networks. Due to the non-linear load in the system, these harmonics are caused
by fluctuations in impedance with applied voltage [1], [2]. This brings a significant economic loss due to the
fact that some electrical equipment is sensitive to this power quality problem. Inadequate power quality within
the system can lead to several issues, including inappropriate device function caused by balanced or unbalanced
non-sinusoidal currents, which can overheat rotating machinery parts and neutral phase, as well as random
tripping of protection devices [3]. Odd order harmonics, dominated by third, fifth, and seventh harmonic
components, make up the harmonic spectrums of some common nonlinear loads, such as switching mode
power supplies, uninterrupted power supplies, and fluorescent lamps. By compensating for these harmonic
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components, a significant portion of the harmonic currents can be eliminated [4]. Numerous devices for
mitigating current harmonics have been designed to effectively reduce reactive power components, harmonic
current, and the imbalance of nonlinear and variable loads. As a result, the load will receive supply of sinusoidal
voltage and current with unity power factor. It has been demonstrated that shunt active power filters work well
to balance reactive power sources and harmonic currents [5]-[7]. Its purpose is to inject an opposing but equal
voltage or current distortion into the network system in order to cancel out the harmonic components on the ac
side by drawing compensating current or voltage from the utility. It is connected to the load at point of common
coupling (PCC) in parallel, as shown in Figure 1. The three primary components of the controller in a shunt
active power filter (SAPF) design are detection, dc bus control, and current control, which is utilized to generate
the switching pulse for the inverter [8].

The process of generating accurate system variables (information) for reference signal estimation
begins with the detection of essential voltage/current signals. The wave that was disrupted yields a
compensation signal that has both fundamental and harmonic contents. There are two ways to go about this:
the frequency domain approach and the time domain approach. The Fourier analysis of the distorted
(harmonics) voltage or current signals serves as the foundation for the frequency domain control strategy used
to extract compensation commands. One of the disadvantages of this field is that it requires a lot of
mathematical computation, which takes time to complete. Furthermore, a good and quick processor needs to
be taken into consideration for better and more efficient performance. Time domain technique control strategies
are simple to implement and don't require a lot of computation [9]. It relies on the instantaneous derivation of
compensation commands in the form of distorted signals (voltage or current) that can take either of two forms.

The creation of an active filter current reference in conventional current detection methods is typically
predicated on the harmonic detection of load currents through the application of well-known time domain
control strategies, such as synchronous detection method [10], instantaneous power theory (p-q theory) [11],
synchronous reference frame (d-q theory) [12]-[14]. Due to its effectiveness and simplicity, the synchronous
reference frame technique (d-q theory) has been the most frequently used in studies [15]-[17]. However, one
problem that can be found to enhance the harmonic detection mechanism's performance in time domain
correction is the filtering approach used in the d-q axis to assess the dynamics and accuracy of the reference
current detection algorithm. The traditional method produces the reference signal by separating the
fundamental from harmonic current signals using a numerical low pass filter (LPF) [18], [19]. This does not,
however, totally remove the system's harmonic currents. Therefore, a strong filtering scheme in the control
algorithm is required to ensure safe system operation by reducing the harmful unwanted harmonic current.

The LPF and high pass filter (HPF) are cascaded in this work to create a band pass filter, which
enhances the performance of the shunt active power filter. This method bases the reference harmonic current's
amplitude on the system's active power balance and is generated by the DC-link voltage controller. The desired
cutoff frequencies are obtained by tuning the BPF's center frequency and bandwidth in order to lower the
harmonic distortion (THD). This is how the paper is set up. The suggested harmonic detection technique control
strategy is described in section 2. Section 3 provides specifics on harmonic extraction using BPF, and section 4
presents and discusses the outcomes of the simulation. Section 5 concludes with a summary of the work.

AC Source

Nonlinear load

SAPF

Figure 1. Shunt active power filter

2. HARMONIC CURRENT DETECTION TECHNIQUES

Time domain or frequency domain correction techniques can be used to achieve control strategies for
the generation of compensation signals. Fourier analysis of the distorted voltage or current signals serves as
the basis for the control strategy used in the frequency domain to extract compensating commands. In contrast,
instantaneous derivation of compensation commands for time domain techniques is obtained in the form of
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distorted signals (voltage or current). This method is typically applied primarily to three-phase systems. When
compared to frequency domain techniques, it has the advantage of simplicity and ease of implementation
because it requires less mathematical computation.

2.1. Synchronous reference frame (SRF)

The reference harmonic current signals are extracted using this time domain correction technique.
Block diagram for SRF-based harmonic current detection is shown in Figure 2. To implement the synchronous
reference frame theory, a two-phase orthogonal coordinate system rotating at a predetermined speed is
substituted for the three-phase coordinate system using the Clarke and Park transformation [20].
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Figure 2. Block diagram of harmonic detection method

A step-by-step guide to completing this transition is provided below. First, as indicated by (1), the
three-phase supply currents, ia, ib, and ic, are converted to a two-phase (o — ) stationary reference frame
current, io ip.

1 1 P
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ig| =3, 3 _va||% )
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In the second step, the o — B plane is switched to the d-q reference frame, and the unit vector is used
to generate the sine and cosine signals needed to synchronize with the supply's voltages and current [21]. Both
AC and DC components make up the obtained d-g currents. The harmonic component of current is represented
by the AC component, while the fundamental component is fixed as the DC part. As illustrated in Figure 3,
this harmonic component can be extracted with ease by applying cascaded 2" order low pass and high pass
filters. For d-q reference frame, current expression is as (2).

[id] _ [sin () —cos(8) [ia]

lq g

cos(8) sin(9) )

Where 0 represents the voltage signal's phase angle.
Step three involves using the band pass filter created by cascading LPF and HPF to remove the AC
signal in order to detect the harmonics.

=T & ®)

In step four, ia and i are thus obtained as follows:

[la] _ [sin (6) —cos(0) [id]
g

cos(0)  sin(8) ]liq 4)

The io-ref and iB-ref reference current signals are provided by.

Int J Pow Elec & Dri Syst, Vol. 16, No. 1, March 2025: 380-388



Int J Pow Elec & Dri Syst ISSN: 2088-8694 a 383

[ia—ref] _ [sin ©) —cos(@)] [171 + idc]

ig—ref cos(8) sin(H) i (5)

Lastly, step five uses the inverse transformation to provide the ABC reference frame, from which the current
is obtained as (6).

i 1 0
'a—ref 2| — 1 ﬁ ia—ref
b-ref [ = [3| 2 2 igrer (6)
Lc—ref 1 — ﬁ
2 2

The necessary PWM switching pulses for the inverter are produced by comparing the extracted harmonic
reference current with the filter or inverter currents.

3. BAND-PASS FILTER DESIGN

As shown in Figure 3, the design utilized two second-order low-pass and high-pass filters to create a
band pass filter (BPF) capable of effectively isolating and reducing undesired current harmonics in the system.
These harmonics, which remained present in the line and contributed to the reactive power component, were
targeted to improve overall filtering efficiency. The low pass filter was designed to suppress high-frequency
noise, while the high pass filter eliminated low-frequency disturbances, allowing the BPF to focus on the
harmonic frequency range of interest. By combining these filters, the system achieved a more refined harmonic
isolation process, ensuring greater stability and accuracy in compensating reactive power. This design approach
not only improved the harmonic suppression but also enhanced the overall performance of the shunt active
power filter in high-contamination environments.

Band pass filter

Blocks low Blocks high
Frequencies Frequencies

Input
signal

output
signal

Figure 3. Cascaded LPF and HPF to form band pass filter

Overall harmonic compensation is achieved in the fundamental dg-frame due to the transposition of
the fundamental frequency signal to a DC component. A band of the chosen harmonic current spectrum results
from removing it and all other harmonics from the load current using the LPF and HPF. Characteristic
harmonics, which are generated by semiconductor converter devices operating in steady state under ideal
conditions, are expressed as follows [22]:

h=np £ 1 @)

where n is an integer between 1, 2, 3, and h is the order of harmonics. p is the quantity of pulses in a cycle.

The fundamental d-g-frame has an intriguing property in that it has characteristic harmonics with
orders £6n-1 fold to £6n orders, despite the fact that it does not allow for specific selective compensation of
harmonic current [23]. This has the benefit of utilizing a single selective controller to simultaneously
compensate for two harmonic orders. The order of the characteristic or dominant harmonics for a three-phase
bridge rectifier, with p = 6 pulses per line frequency cycle,isH=n-6 +1=5,7, 11, 13, 17, 19, 23, 25, 35, 37.

The BPF was adjusted for attenuation, bandwidth, and center frequency at the necessary harmonic
frequency using lower cut off frequencies and a pass band (BW) of 10 Hz. This resulted in improved THD
performance. This method effectively attenuates the more dangerous harmonic components of the distorted
load current, which are not sufficiently reduced by other controllers, almost entirely. The primary factor
affecting the accuracy and dynamics of the harmonic (distortions) detection mechanism is the numerical filter.
One must choose a compromise between the two when choosing a filter's features. These depend on the filter's
cutoff frequency and order [24].
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However, a higher order filter with a low cutoff frequency improves harmonic attenuation at the
expense of a slower response when the load varies. Simulation studies showed that, at the expense of response
speed, the cascaded filters used in Figure 3 produced better results. As a result, it is important to determine the
trade-off between accuracy and speed (time response).

The filter parameters are found using the expressions found in (8)—(12) of [25].

BW=f,~ fi @)
Q= o (©)
o = % (10)

High pass filter cutoff frequency:

fi= () -2 1

Low pass filter cutoff frequency:

BW

fo = (2)2+f02+¥ (12)

where BW is bandwidth, Q is a quality factor, o is attenuation, f; is low cutoff frequency, f, is high cutoff
frequency, and f, is the center frequency.

4. RESULTS AND ANALYSIS

The performance of the suggested shunt active power filter was examined using MATLAB/Simulink
simulation. Table 1 shows the design parameters that were used in this simulation study. The test system
consists of a three-phase voltage supply with an uncontrolled rectifier resistor-inductor (RL) load. The analysis
was done using LPF, traditional BPF, and finally an LPF and HPF combination. Based on Table 2's results, the
combined LPF and HPF filters (BPF), as shown in Figure 3, perform better in terms of THD. Better
performance is achieved with a smaller bandwidth. To filter the signal, the BPF is tuned at the desired harmonic
frequency using low cutoff frequencies and a pass band (BW) of 10 Hz. The (19) and (20) determine the
appropriate BPF cut-off frequencies. It was possible to separate the fundamental from harmonic components
of the measured system load, demonstrating the efficacy of this configuration in mitigating harmonic currents
as shown in Table 2.

The filter inductor (L) is used to connect the shunt APF to the non-linear load system in order to
compensate for harmonics. The simulation results' signal waveforms are shown in Figures 4 through 10. The
non-linear load's current signal is displayed in Figure 4 prior to compensation. Before compensation, the
distorted line current causes a non-linear load that results in a total harmonic distortion (THD) of 25.60%. This
outcome unequivocally demonstrates that the presence of a non-linear load distorts the supply current.

Table 1. Design parameters for simulation study

System parameters Values System parameters Values
Frequency 50 Hz DC Voltage 700 V
Supply voltage 220V Capacitor (Cdc) 3000 pF
Filter inductor 3mH Low pass filter (LPF) 20 Hz
Load impedance (Ry, L) 40 Q,2 mH High pass filter (HPF) 10 Hz
Source impedance (Rs, Ls) 0.15Q,0.03mH  Center frequency (fo) 14.14 Hz
Line impedance (Rr, Lr) 1Q,1mH Bandwidth (BW) 10

Table 2. THDs for the three filters with SAPF

Filter type THD% tg
LPF 2.19 0.145
LPF 2.2 0.2
LPF 3.74 0.5

Conventional BPF 0.99 0.170
LPF and BPF (BPF)  0.98 0.165
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Figure 6. Source current after compensation (SAPF  Figure 7. Source current after compensation (SAPF
with conventional BPF) with combined LPF and HPF)
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Figure 10. Compensation current (SAPF with combined LPF and HPF)

In order to eliminate current harmonics, a shunt active power filter was applied, which resulted in a
reduction in the THD of the distorted load current from 25.60% to 2.19%, 0.99%, and 0.98% (as shown in
Table 2) based on an FFT analysis of the source current before and after compensation using three different
filtering schemes. Source current waveforms following compensation are shown in Figures 5-7, respectively,
for each filter configuration. With the application of a shunt active power filter, it is evident from these results
that the source current is now sinusoidal. Current compensation is shown in Figures 8-10. While the THD is
high, the LPF filter outperformed the two BPF configurations in terms of delay time. But a 4th order BPF
which exhibits a corresponding delay response is generated when 2nd order LPF and 2nd order HPF are
combined. This clearly yields a better result in terms of THD. Yusuf et al. [26] explained a low pass filter was
used for filtering of the harmonics content and the THD was found to be 2.2% with a tq of 0.2. Again, from
[27] 3.74% THD was observed when a band pass filter was used with dq theory with a tgof 0.5. Table 2 displays
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the results that these analyses produced. When compared to the other filtering schemes, the combined LPF and
HPF (BPF) exhibit better performance with a THD of 0.98%. This verified that the suggested filtering scheme
effectively addressed the system's harmonic distortions. However, the major constraint in this research is tuning
of the filter devices which makes it very difficult to achieve and consumes a lot of time. A complete simulation
diagram of the shunt active power filter is shown in Figure 11.
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Figure 11. Complete topology of the SAPF

5. CONCLUSION

Harmonic current mitigation in the fundamental d-g frame is presented in this study. By transposing
fundamental frequency to dc-signal (i.e., rotating the reference frame at fundamental frequency), this technique
achieves overall harmonic compensation. By employing LPF and HPF to isolate the DC and all other harmonic
currents from the load current, a specific harmonic current spectrum band is produced. When the voltage source
inverter switches on, this harmonic spectrum acts as a reference signal. However, a band of chosen harmonics
was found. Fundamental d-g-frame, unlike harmonic d-g-frame, does not permit specific selective harmonic
current compensation. This setup is straightforward and doesn't involve a lot of computation when tuning to a
particular harmonic for compensation. Although there is a noticeable delay because of the numerical filters,
the configuration yields better THD results. This delay can be addressed in the future by using a filter less
system for separations of harmonics in the d-g frame using mathematical theory or principle. Also tuning
problems can be eliminated when artificial intelligence (Al) is used in the process to reduce time wastage. The
results of the simulation demonstrate how well this approach works to mitigate unwanted low order harmonics
that are still present in the system even after an LPF has been used. With this filter configuration, the THD
decreased from 25.60% to 0.98%.
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