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Abstract- In this work, three phase shunt active power filter (SAPF) under wide range of loading conditions by using different 
Pulse width Modulation techniques has been done. Power Quality (PQ) is an essential concern in the current scenario due to 
the regular use of power electronic converters and non-linear loads. PQ issues have a significant negative financial influence 
on consumers and utilities. The main aim of the work is minimization of Total Harmonics Distortion (THD) in medium and 
higher power applications with respect to the wide range of loading conditions. Performance analysis of a three-phase shunt 
active filter under a wide range of load conditions has been considered in this paper. For the designed controller analysis, the 
loads R, RL, RC, and RLE are taken into account along with various pulse width modulation (PWM) control approaches and 
the proportional-integral (PI) controller. Additionally, a comparison is made between traditional PWM with PI, space vector 
pulse width modulation (SVPWM), and selective harmonic elimination (SHE) PWM-PI control. System performance has been 
judged using Total Harmonic Distortion. The simulation results clearly show that the THD generated by the offered PWM 
schemes and PI controllers meets with the recommended standard set by IEEE 519. MATLAB/Simulink has been used to 
simulate and test the system. Finally, the performance of the proposed system is compared to the other research findings to 
claim the effectiveness of the system.  

Keywords- Shunt active filter, PI, PWM, SVPWM, SHE PWM, THD. 

List of Abbreviations: 
 
SAF – Shunt Power Filters 
CSI - Current Source Inverters 
PQ – Power Quality 
PI – Proportional Integral 
PWM – Pulse Width Modulation 
PCC - Point of Common Coupling  
SVPWM – Space Vector Pulse Width Modulation 

SPWM – Sinusoidal Pulse Width Modulation 
SHE-PWM – Selective Harmonic Elimination PWM 
THD - Total Harmonic Distortion 
UPS - Uninterruptible Power Sources 
VSI - Voltage source Inverters 
 

1. Introduction 

Maintaining the electrical power quality given to the 
network of connected sensitive loads is crucial in today's 
technological age. The maintaining of quality of power is 
very difficult because many types of equipment are 
connected to the electrical networks at as nonlinear loads 
which make power quality issues in the distribution network. 
The nonlinear loads such as Electronic equipment, controlled 

rectifiers, variable frequency motors, induction arc furnaces, 
and other commercial and home appliances[1]. The above 
mentioned loads are acting as non-linear loads which 
produced harmonics when they switch, which increases the 
amount of reactive power used and, in turn, lowers power 
factor, which increases electrical system losses [2]. Several 
factors, including current and voltage harmonics from static 
power electronics converters, zero and negative sequence 
components from single-phase, reactive power, unbalanced 
loads, voltage sag, flicker, voltage swell, and voltage 
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interruption, are causing the quality of the country's 
electricity supply to decline. The consequence of harmonics 
is mitigated by the varies filtering techniques namely passive 
and active filter techniques[3]. The system becomes bulky 
due to the employment of passive filtering techniques, 
resonance between the transmission line, line impedance, and 
the switching of passive elements, which all contribute to a 
spike in voltage [4]. The overcome the problems of passive 
filter, active filtering technique can applied to the distribution 
network for mitigation harmonics generated by the non-
linear loads and it is more efficient compensation techniques 
in the power system network [5]. Harmonic currents in the 
system can have negative impacts on the load of other 
customers at the Point of Common Coupling (PCC), as well 
as cause excessive motor heating, plant malfunction, low 
power factor, etc.[6,7]. 

The current harmonics, reactive power detection system, 
and compensation control algorithm are the sole 
determinants of the shunt active filter (SAF)’s ability to 
reduce harmonics [8]. Varies current control techniques can 
be adapted by the researcher for mitigation of current 
harmonics [9].  Generally, Proportional Integral (PI) 
controller [10] is prepared to dampen the effects of current 
harmonics generated by system. It has certain shortcomings 
include its inability to compensate for harmonics 
satisfactorily, as well as the need to fine-tune the controller's 
parameters manually.  To solve complexity of PI controller, 
A hysteresis controller has been applied. This controller 
behaves fast response for the dynamic behaviors but same 
time accuracy of the system may affected with frequency 
[11].  Further, repetitive controller has been developed for 
mitigation harmonics, but is poor control on sudden changing 
of load [12].  The aim of a predictive deadbeat PI-based 
control for SAF applications is to improve harmonic 
reduction in a distribution network [13]. The authors of 
proposed a Kalman filter-based PI controller to handle power 
quality issues; however, the Kalman filter is developed with 
steady-state and dynamic model behavior in mind. However, 
it is challenging to manage uncertainty in the system, thus it 
is important to develop robust controllers [14, 15]. Nonlinear 
applications rely heavily on robust controllers because of the 
uncertainty and disruptions they introduce. 

For SAF control, three fundamental PWM techniques 
such as carrier-based PWM, space-vector PWM, and PWM 
with selective harmonic elimination schemes have been used 
[16]. For a carrier-based PWM modulator, the performance 
metrics that matter are those that can be derived from the 
modulation signals. When a sinusoidal modulating signal is 
compared to a triangular signal with two edges or a saw tooth 
signal with a single edge, the resulting signal is the SPWM. 
In most cases, the carrier frequency will be significantly 

higher than the modulating signal. SVPWM dominates the 
market because of its ease of implementation in both 
hardware and software, as well as its respectable 
performance at low modulation ratios. When the converter's 
levels are high, however, achieving the SVPWM becomes 
extremely challenging. SVPWM allows for more than just 
the four switching states available with carrier-based PWM 
in multilevel inverters. Compared to carrier-based PWM 
[17], Space Vector PWM provides greater flexibility in 
selecting switching states. When using carrier-based PWM 
mode, the modulated output voltage is often smooth and 
distorted.  

Passive filters have a low signal gain since there is no 
amplifying component in them. As a result, the filter circuit's 
output receives a signal that is somewhat weaker than the 
applied input signal. Active filters can offer high input 
impedance and low output impedance, which makes their 
characteristics independent of the source and load 
impedances. Among the PWM techniques, SHE-PWM is 
efficient control techniques for the reduction of harmonics 
especially medium and high power applications [18]. In 
addition to these, SHE-PWM technique is produced higher 
operating efficiency, low switching losses and less filtering 
requirement when compared to the other PWM techniques.   
In this proposed work, for mitigation of harmonics generated 
the non linear loads, sine, SVPWM and SHE-PWM 
techniques have been proposed to maintain THD indices 
recommended by IEEE 519 standard. Furthermore, results of 
various PWM techniques compared with other research 
findings. This research work presents the performance 
comparison of a three-phase shunt active filter using various 
PWM techniques and also under various load conditions and 
it is design process is shown in Fig. 1. 

Contributions  
 Simulation work of SAF is carried out by different 

PWM techniques for the reduction of harmonics 
generated by nonlinear loads.  

 In order to evaluate the performance of the various 
PWM techniques, the proposed system is subjected 
into various loading conditions.  (R, RL, and RLE 
loads) 

 A comparative analysis is made with respect to the 
THD with different PWM techniques.  
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Fig.1. Procedure of SAF design 

2. Modelling of SAF and Control Schemes 

In order to increase the power quality, many filters were 
used. Passive elements (L and C) or active components such 
as solid-state Voltage source Inverters (VSI) and Current 
Source Inverters may be used to get rid of the harmonic, 
which can then be removed (CSI). It is hypothesized in this 
study that a hybrid active power filter can reduce harmonics 
while also balancing non-linear loads. This Shunt Active 
Filter is a device that is shunt-connected and is based on a 
voltage-sourced converter (VSC) [19]. This SAF has the 
capability of injecting reactive power into the power system. 
It does this by injecting a current of variable magnitude that 
is in quadrature with the line voltage. This work describes an 
implementation of a simple and innovative control approach 
of a shunt active filter (AF) for ac voltage regulation at load 
terminals (at PCC), removal of harmonics, correction of 
power factor, and load balancing of nonlinear loads as shown 
in Fig.2. 

The AF control strategy has been made adjustable so 
that it may be changed to offer power-factor correction 
(unity), remove harmonics, and balance the load on nonlinear 
loads. The control method that has been developed provides 
the AF with an inbuilt dc bus that is capable of providing its 
own support. The shunt AF in this design is an insulated-gate 
bipolar transistor (IGBT)-based current controlled voltage 
source inverter (CC-VSI) with a dc bus capacitor. 

2.1. Modelling of SAF 

    By applying an abc to dq0 transformation in a 
synchronous rotating frame, the performance of a balanced 
three-phase device can be more easily assessed. From the 

abc-reference frame, the dq-frame rotates with an angle of 
θ=ɷt around its own reference axis. Here is the step-by-step 
transformation from d and q coordinates:  

   (1) 

        (2) 

Each stage of the SAPF in Fig. 2. can be modelled 
mathematically as follows: 

 (3) 

Equation (1) can be derived from equations (2) and (3) 
using the following format: 

  (4) 

From equation (4), the dq-transformation is given by, 

 (5) 

From the above equations, 

  (6) 

   (7) 

     (8) 

Applying all the above relations in equation (5), 

 (9) 
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Fig.2. Structure of three-phase shunt active power filter 

The SAPF's output voltage can be represented as 

    (10) 

The bus voltage is preceded by the SAPF output voltage 
at the phase angle at which Vdc is the DC-link voltage. The 
peak phase-to-neutral voltage on the AC side and the DC 
voltage are connected by the factor M. 

  (11) 

The voltage on the DC-link capacitor steadily drops over 
time due to switching losses in the voltage source inverter. 
To keep that operational voltage, SAPF draw the required 
amount of current from the utility source. Ic,abc and iloss,abc are 
the current and switching loss, respectively. 

   (12) 

To make certain that the power source only sends active 
current to the load, it is SAPF's responsibility to deliver the 
appropriate current components. 

2.2. Sinusoidal Pulse Width Modulation (SPWM) 

To create the carrier signal, a sine PWM modulator adds 
the modulation signal. Thus, in each period of the carrier 
signal, the two legs of the converter alternate between 
supplying the positive and negative rails. Referring to [15, 
16], if the reference signal is higher than the carrier signal, 
the corresponding active device is turned on; otherwise, it is 
turned off. The evolution of the carrier - based PWM 
approach is depicted in Fig. 3. 

 

In this case, the modulation signals are responsible for 
the significant performance of a carrier-based PWM 
modulator. The effect of a carrier, however, on the 
modulator's excellent performance is studied in [17–19]. A 
triangle signal with double edges, a saw tooth signal with a 
single edge carrier signal, and a sinusoidal modulating signal 
are contrasted to produce the PWM signal. [20] maintains the 
carrier frequency substantially more compared to the 
frequency of the modulating signal. 

2.3. Space Vector Pulse Width Modulation 

SVPWM dominates the market because it is easy to 
implement in both hardware and software while still 
providing respectable performance at low modulation ratios. 
The SVPWM, however, becomes very difficult to 
accomplish as converter levels rise. SVPWM allows for 
more than the four switching states available with carrier - 
based PWM in multilayer inverters [25]. As a rule, Space 
Vector PWM provides greater leeway in switching state 
selection than carrier based PWM. To a large extent, the 
modulated output voltage in carrier-based PWM mode is not 
perfectly clean. With a high number of levels and multilayer 
inverters to manage them, this carrier-based PWM approach 
might be useful. When using a multi-level inverter, it is best 
to use one that has a set number of switches and uses pulse 
width modulation appropriately. For inverters that need to 
handle lots of power at once, the PWM approach that uses 
the least amount of common mode voltage is the carrier 
based PWM technique. Therefore, care must be taken in 
selecting these SVPWM switches, as detailed in [21-24]. 
Since it employs nonlinear elements, the multi-level 
converter may be classified as a nonlinear controller.
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Fig. 3. SPWM Control Structure 

Space vector representation (SVM) is a common method 
of analysis because of its ease of use. Rather of considering 
the three phase values as three separate equations, as is done 
in sinusoidal PWM, SVM considers them as a single vector. 

    (13) 

where, Va, Vb and Vc are the phase voltages. 

If Vs and Vref are three-phase sinusoidal voltages that are 
balanced, then the locus of space vector will be circular with 
a radius that is equal to the amplitude of the phase voltage. 
The rotating field of an ac machine, which is utilised for 
modulating the converter output voltage, is where the idea of 
a space vector originates from. When using this kind of 
modulation, the three-phase values may be converted to their 
corresponding two-phase quantities in either a synchronously 
revolving frame or a stationary d-q frame. It is possible to 
determine the reference vector magnitude from this two-
phase component and then use it when modulating the output 
of the converter. The sinusoidal voltage is modelled in SVM 
as a vector with constant amplitude that rotates at a 
frequency that is always the same. Using a mixture of the 
eight different switching patterns, this method provides an 
approximation of the reference voltage V (Vref to V0 ). As can 
be seen in Fig. 3, the representation of a rotating vector on a 
complex plane looks like this. 

2.4. Selective Harmonic Elimination SHE-PWM 

The SHE PWM approach gets rid of certain harmonics, 
such as the 5th, 7th, 11th, and 13th harmonics, by using a 
number of different mathematical techniques. The well-
known approach of Selective Harmonic Elimination is also 
referred to as the fundamental switching frequency based on 
the theory of harmonic elimination. The dc component and 
the even harmonics both add up to zero as a result of the 

symmetry that is present in the odd quarter-wave. The three-
level SHE PWM signal's Fourier series form is shown below: 

 for odd n                (14) 

The value of N represents the number of rotations that 
occur in each quarter. a k represents the switching angles, 
and they have to be such that the following condition is met: 

α1 < α2 < .… < αN < π/2    (15) 
E stands for the dc source's amplitude, while n stands for 

the harmonic order. An illustration of how the nonlinear 
equation system for the SHE PWM waveform might be 
expressed is shown below: 

   

                      

                   (16)                                                           

………………………………… 

 

where M is the modulation index and M = h1/E is the 
formula for determining it. 

Based on the equations that came before them, it can be 
seen that the cosine components of have a negative sign 
when N is even and a positive sign when N is odd. The 
modulation index, M, that is provided in equation (15) is 
what is used to modulate the amplitude of the fundamental 
component. According to the nonlinear system described 
above, it is possible to get rid of the N-1 excess harmonic 
that is present in the waveform produced by the system by 
setting equation (16) to zero. 

The lowest odd harmonic components in a single-phase 
system frequently need to be eliminated before operation can 
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start. The lowest non-triple harmonic components of a 
system with three phases are filtered out. Most of the time, 
the 120 electrical degree phase shift characteristic will be 
used to eliminate all triple-harmonics in line-to-line voltage. 

3. Control of SAF 

To regulate the Shunt Active Filter, a control approach is 
needed that generates a pulse that is modulated by a pulse 
width modulator (PWM) (Inverter). It has been measured by 
collecting the current from the shunt converter and the 
receiving end's load current. Both currents from the three-
phase system have been transformed into currents along the 
dq0 axis. This dq0-axis provides information on the active, 
reactive, and reference components of the three-phase 
currents in the appropriate order. In order to have a better 
understanding of the controller's and SAF's performance, the 
simulation model includes multiple load fluctuations that are 
generated at varying intervals. Comparisons have been 
performed between the variations in the reactive components 
of the converter current and the load current as well as the 
variations in the inactive components of the load current and 
the shunt converter current. It can be able to identify the 
accessible active and reactive component currents through 
this comparison. The control structure of SAF is given in 
Fig. 4. In three-phase shunt Active filter circuit, the selection 
of DC voltage reference, capacitor selection and filter 
inductor selection are more important. These values are 
selected based on the load current magnitude with non-linear 
loads such as, R, RL and RLE before connecting the SAF. 
There are many researcher explained the optimal selection of 
these circuit parameters of SAF. Particularly, The reactive 
power needs of the system and harmonic cancellations are 
the two key factors that may be used to determine the value 
of the filter's inductance. Similarly the based upon the 
settling time, response time and variation in VDC the final 
value of capacitor is selected. 

It has been determined that the ideal values for Kp and 
Ki are 0.2 and 10, respectively. It can be tuned on the basis 
of the frequency domain or time domain analysis tools 
available in the MATLAB simulation. There are many 
methods such as Ziegler Nichols, internal model control 
based tuning methods are used to fix the optimal values of 
the gains in PI controller. After connecting the shunt active 
filter, the harmonics distortion was significantly cut down, as 
shown by the results. 

The PI controller is tuned by traditional Ziegler Nicols 
method and also using internal model controller as presented 
in [25]. The pulse width modulation (PWM) signal is 

produced when the resulting dq0 component is transformed 
into a three-phase (abc) component as shown in Fig. 4. A 
discrete PWM block is used in order to effect the 
transformation of this three-phase (abc) component into a 
PWM signal. The graphic illustrates the pulse width 
modulation signal with a frequency of 10 kHz. This signal is 
used to regulate the SAF converter so that compensating 
current may be injected. This will not only ensure that the 
voltage remains stable, but it will also remove any harmonics 
that may be present in the proposed system. 

4. Results and Discussions 

This Simulink model illustrates the three-phase supply 
system connected to non-linear loads, such as a diode bridge 
rectifier with an R, RL, and RLE load. Multiple currents will 
be drawn from the system at different times as a result of the 
non-linear load characteristics. As seen in Fig. 5, the system's 
introduction of harmonics is also due to this non-linear load. 
The power factors at the source will be quite low as a result. 

The simulation study has been carried out for the 
different loads such as R, RL and RLE loads at different 
intervals. The Fig. 6. shows the simulation results of PI-
SPWM controller results. Where, R load is connected from 
0.12 sec to 0.2 sec and RL is connected at 0.25 sec to 0.35 
sec and RLE load is connected from 0.4 sec to remaining 
time period. 

From the results, it has been observed that the PI-SPWM 
controls the SAF and have oscillation in the load current 
waveform. The THD of the current waveform is analyzed for 
PI-SPWM and has 9.73% THD content in the output as 
shown in Fig. 7 of THD spectrum. 

For the similar to the perivious load conditions, PI-
SVPWM is applied to the control scheme and SAF and 
maintain the load current closure to sinusoidal during load 
variation as shown in Fig. 8. 

But the magnitude of odd order harmonics are higher in 
the load current and has a THD of 8.98% as shown in Fig. 9. 
As demonstrated in Fig. 10, the SAF with PI-SHE PWM 
selects the proper compensation current and aligns with the 
load current to keep the source current as close to sinusoidal 
as is practicable. The THD has also been brought down to 
3.5%, and the consequences may be seen in Fig. 11. 
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Fig. 4. Control Scheme for Three-phase shunt active filter 

 
Fig. 5. Simulation model of Shunt Active Filter with Non-Linear Loads 
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Fig. 6. Simulation Results of SAF with PI-SPWM and R, RL and RLE Loads 

 

Fig. 7. THD of SAF with PI-SPWM and R, RL and RLE Load 
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Fig. 8. Simulation Results of SAF with PI-SVPWM and R, RL and RLE Loads 

 

 

Fig. 9. THD of SAF with PI-SVPWM and R, RL and RLE Loads 
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Fig. 10. Simulation Results of SAF with PI-SHE PWM and R, RL and RLE Loads 

 

Fig.11. THD of SAF with PI-SHE PWM and R, RL and RLE Loads 
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Table.1. Comparison of Control Schemes 
Control 1st 3rd 5th 7th 9th 11th 13th 15th 17th %THD 

[26] 24.72 3.000 2.020 1.270 0.112 0.02 0.010 0.010 0.012 7.38 

[27] 22.62 2.72 1.020 0.270 0.12 0.02 0.010 0.011 0.012 6.25 

[28] 21.57 2.9000 2.020 1.270 0.21 0.02 0.010 0.010 0.010 7.56 

[29] 23.28 2.72 2.020 0.270 0.12 0.02 0.010 0.011 0.012 6.29 

[30] 24.61 2.020 1.020 0.270 0.112 0.02 0.011 0.010 0.012 5.92 

PI-PWM 25.00 0.031 2.649 1.179 0.012 0.935 0.542 0.008 0.468 31.23 

PI-SPWM 23.82 3.000 3.020 1.270 0.172 0.132 0.010 0.010 0.012 9.73 

PI-SVPWM 25.72 2.020 3.071 0.980 0.280 0.362 0.162 0.012 0.012 8.98 

PI-SHE PWM 24.04 0.001 0.780 0.30 0.001 0.05 0.02 0.001 0 3.50 

           

The comparison results of PWM schemes such as PWM, 
SPW, SVPWM and SHEPWM along with PI controller is 
presented in Table 1. The comparison of different PWM 
schemes such as PWM, SPW, SVPWM and SHEPWM along 
with PI controller with existing techniques is presented in 
Table 1. The THD of [26] is 7.38% is more effective than the 
PI-SPWM control of THD 9.73%. The PI-SVPWM control 
scheme have THD of 8.98% whereas the [29] have 6.29%. 
The proposed PI-SHE PWM have less THD of 3.50% 
compared to existing PWM techniques. Therefore, the SHE-
PWM provides the control over the SAF and maintains the 
load current waveform closer to sinusoidal and THD level in 
the current waveform is also less as per the IEEE 519 
standards. 

5. Conclusions 

     A three-phase, three-wire Shunt Active Filter (SAF) based 
controller has been designed to compensate current 
harmonics caused by the nonlinear load. The major concern 
is on the THD reduction in power line using SAF. Hence 
PWM control schemes such as SPWM, SVPWM and SHE-
PWM are developed in association with the PI controller. 
The PI controller is tuned and gains are fixed using internal 
model controller (IMC) and the focus is given on PWM 
control schemes. Additionally, various non-linear loads such 
as rectifier with R, RL, and RLE load are considered to 
evaluate the performance of the system. Total Harmonic 
Distortion (THD) measurements of the system's performance 
under various load conditions and PWM control schemes 
have been taken. Results from the simulations show that the 
THD produced by the suggested SHE-PWM is acceptable 
according to IEEE 519 when compared to the other PWM 
techniques. In this work, a simulation work is carried out for 
verification of system performance and future work is 
implementation of hardware setup to validation of simulation 
results. The present work can be further extended by 
considering artificial intelligence based tuning for controller 
parameters as future scope of the work. 
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