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Abstract— Power electronic loads are being connected to the distributed power plants through power electronic converters 
and these power electronic converters and loads are the source of harmonics and reactive power which affects the 
performance of the power system network. Switching compensators called Active filters or active power line conditioners 
brings an effective alternative to the conventional passive LC filters as they can compensate for several harmonic orders, and 
are unaffected by major changes in network characteristics, avoiding the risk of resonance between the filter and network 
impedance and are compact and robust compared with traditional passive compensators. 
The aim of this work is to design shunt active filter to mitigate and alleviate the harmonics and reactive power issues with 
controller based on different theories under unbalanced and distorted regimes. In this paper a control method for active 
power filter using Space Vector Pulse Width Modulation (SVPWM) is compared with other control techniques. 
 
Index Terms— PWM,SVPWM,THD,SAPF,P-Q Theory. 

 
I. INTRODUCTION 
 
The custom of linking the power electronic loads and 
distributed power plants via power electronic 
converters is growing day by day. Now these power 
electronic converters and loads are the sources of 
harmonics and reactive power which greatly affect 
the performance of the power system network, as 
using non-linear, time-varying loads will cause 
distortion of voltage and current waveforms along 
with excessive reactive power demand in ac mains. 
The presence of harmonics in power lines causes 
major power losses in the distribution system, 
interference problems in many communication 
systems and, sometimes, in operation failures of 
electrical and electronic equipment, which are very 
sensitive as they include microelectronic control 
systems, which work with very low energy levels. 
Because of these problems, the subject of the power 
quality delivered to the end consumers is, much more 
than ever, an object of higher concern.The active 
power filters have become much popular because of 
excellent performance to diminish the harmonic and 
reactive power problems.  

 
Fig. 1.  Classification of active filters based on power circuit, 

configurations and connections. 

In an Active Power Filter (APF) we deploy power 
electronics which introduces current components to 
remove harmonic distortions incurred by the non-
linear load. Figure 2 shows the basic concept of an 
active filter. They sense the harmonic components in 
the line and then produce and inject an opposing and 
inverting signal of the detected wave in the system. 
The two main fields of research in active power 
filters are the control algorithm for current detection 
and load current analysis method. Active harmonic 
filters are mostly used for low-voltage networks 
because it is difficult to match the required rating on 
power converter [1]. 
 

 
Fig. 2. Conceptual demonstration of Active filter 

 
The performance of the active filters is dependent on 
the control theory that is used to formulate the control 
algorithm of the active filter. The controller of the 
active filter is the heart of the filter which notably 
affects its performance [2]. 
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Fig.3. Classification of active filter based on control techniques 
 
Control technique depends on the overall system 
control, such as extraction of reference signal, 
capacitor voltage balance control and generation of 
gating signals etc. The controlling techniques are 
used to overcome the power quality issues. In 
general, the controlling techniques are open loop 
control and closed loop control. The closed loop 
control can further be classified as constant capacitor 
voltage control, constant inductor current control, 
optimal control and linear voltage control etc. 
Another important classification is according to the 
estimation of reference current and voltage control, 
which can be represented either in time domain 
control or the frequency domain control that are 
processed by the open loop or closed loop control as 
per. The Control methodology in frequency domain is 
based on Fourier analysis of the distorted voltage or 
current signals to extract compensating reference 
current and voltage [8]. Frequency domain 
approaches are suitable for both single phase and 
three-phase supply systems. The frequency domain 
algorithms are conventional Fourier and fast Fourier 
transform algorithms, sine multiplication technique 
and modified Fourier series. Control methods of the 
APF in the time domain are mostly based on 
instantaneous derivation of compensating commands 
in the form of either voltage or current signals from 
distorted and harmonic polluted voltage or current 
signals. Time domain approaches are mainly used for 
three-phase supply systems [3]. The time domain 
algorithms are neural network, active power 
algorithm, constant power factor algorithm, d-q 
method, instantaneous reactive power algorithm (p-
q), fictitious power compensation algorithm and 
synchronous flux detection algorithm. A component 
that has a frequency between the two frequencies is 
called an inter harmonic[4]. The measurements of 
supply voltage, load-current, injected-current and 
capacitor voltage are required for reactive current 
extraction. However, the measurements of load 
current, injected current and capacitor voltage is 
enough for only harmonic current extraction. The 
switching signals for the solid state devices of APF 
are generated using deadbeat, hysteresis, PWM, 
multi-resonant controller, space vector modulation, 

sliding-mode or fuzzy logic based control techniques 
[5]. The capacitor voltage balance control is 
performed by using PI, Artificial Neural Network 
based adaptive PI, fuzzy and SVM controller 
methods. Digital controllers used in APF for field 
applications are moreover a combination of Digital 
Signal Processor (DSP) and Field Programmable 
Gate Array (FPGA), processor board, DSP and FPGA 
[6]. 

 
Fig.4. Classification based upon current/voltage reference 

estimation technique 
 
Although, as shown in figure 3 and 4, there is a 
number of control techniques, but the SVPWM 
technique is the best in terms of percentage of THD 
of the compensated currents. In terms of efficiency, 
because this switching technique defines the state of 
all the inverter IGBTs as one block, it presents better 
SAPF efficiency than the TC-PWM [7]. 

 
Fig.5.  Block diagram of the implemented switching technique: 

Space Vector PWM (SVPWM) 
 
In this switching technique the reference signal is 
compared with the output current in the αβ0 frame as 
shown in figure 5. With this comparison are obtained 
three errors (eα, eβand e0). The errors eα, eβand e0 are 
the input of two PI controllers. The outputs of the two 
PI controllers are then used to determine which vector 
must be used in the αβ0 frame. Figure. 5, shows the 
αβ0frame and the vectors associated with the states of 
the inverter.The main drawback of the SVPWM is the 
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implementation complexity. Also, it needs more 
processing resources to execute all the tasks. This 
paper presents a design and implementation of 
suitable control strategy for shunt active power line 
conditioner. Suitable control techniques were 
developed to generate the reference currents from the 
distorted line current [9]. The following harmonic 
extraction controllers have been designed and 
compared for active power line conditioner. 
1) Instantaneous real-power theory 
2) Synchronous reference frame (SRF) theory 
The following techniques were developed and 
compared to generate the switching pulses for the 
inverter: 
1) Hysteresis current controller technique. 
2) PWM controller technique. 
3) Space Vector PWM Controller technique. 
The THD of the source current is reduced to less than 
5%, which complies with IEC 61000-3 and IEEE 519 
harmonic standards. The modeling of the test 
electrical system and the passive and active filters has 
been carried out in the MATLAB/Simulink 
simulation software. This software is especially well 
suited when power electronics modeling is required. 
As well, it gives users the ability to build custom 
simulation modules that can be interfaced with the 
existing library models. This feature will be of 
particular importance when implementing the active 
filter control algorithm [11]. 

 
II. SHUNT ACTIVE FILTER 
 
The concept of Shunt Active Filtering was first 
introduced by Gyugyi and Strycula in 1976 [1]. 
Nowadays, a Shunt Active Filter is not a dream but a 
reality, and many SAFs are in commercial operation 
all over the world. The controllers of the Active 
Filters determine in real time the compensating 
current reference, and force the power converter to 
synthesize it accurately. In this way, the Active 
Filtering can be selective and adaptive. In other 
words, a Shunt Active Filter can compensate only for 
the harmonic current of a selected nonlinear load, and 
can continuously track changes in its harmonic 
content. Figure 6, shows the basic concept and 
principle of shunt active compensation. 
 

 
Fig.6.  Principle of shunt active compensation 

Current source nonlinear loads such as a six-pulse 
rectifier converter require harmonics current ILH from 
the main supply beside fundamental current ILF. This 
causes the main supply to operate at frequencies 
above the nominal 50Hz or 60Hz and in doing so, 
also creates a negative phase-sequence component 
which is undesirable [12]. The shunt active filter is 
considered a current source because it injects non-
sinusoidal current ILH through the parallel branch of 
the network in order to compensate for the current 
harmonic demand of the nonlinear load. The role of 
the active filter controller is to sense and monitor the 
load current and to appropriately determine the 
correct reference harmonic current for the inverter. 
Once the correct reference harmonic content is 
determined; this reference current is fed through a 
suitable current controller which then is sent to the 
inverter for injection into the network [13]. 
 
III. INSTANTANEOUS P-Q THEORY 
 
The Instantaneous active and reactive power theory 
or simply the p-q theory is based on a set of 
instantaneous values of active and reactive powers 
defined in the time domain. There are no restrictions 
on the voltage or current waveforms, and it can be 
applied to three-phase systems with or without a 
neutral wire for three-phase generic voltage and 
current waveforms. Thus, it is valid not only in the 
steady state, but also in the transient state [20]. This 
theory is very efficient and flexible in designing 
controllers for power conditioners based on power 
electronics devices. Other traditional concepts of 
power are characterized by treating a three-phase 
system as three single-phase circuits. The p-q Theory 
first uses Clarke transformation to transforms 
voltages and currents from the abc to αβ0 
coordinates, and then defines instantaneous power on 
these coordinates. Hence, this theory always 
considers the three-phase system as a unit, not a 
superposition or sum of three single-phase circuits. 
Instantaneous Reactive Power Theory (IRPT) uses 
the Park Transform, given in expression (1), to 
generate two orthogonal rotating vectors (α and β) 
from the three phase vectors (a, b and c). This 
transform is applied to the voltage and current, with 
the symbol x used to represent v or i. It should be 
noted that IRPT assumes that the three phase load is 
balanced. 

푋
훼푋
훽

 = 
1 − −

0 √ − √

푋
푎푋
푏푋
푐

   (1) 

 
The supply voltage and load current are transformed 
into α-β quantities. The instantaneous active and 
reactive powers, p and q, are calculated from the 
transformed voltage and current as given in 
expression (2). The two powers have a DC 
component, p and q , and an AC component, ~p and 
~q . 
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푝 = Ṕ + P˜
푞 = 푞´ + 푞˜  =  푣훼 푣훽

−푣훽 푣훼
푖
훼푖
훽

 (2) 

 
By looking at instantaneous powers, the harmonic 
content can be visualized as a ripple upon a DC offset 
representing the fundamental power. By removing the 
DC offset with a suitable high pass filter [14], and 
then performing the Inverse Park Transform the 
harmonic current can be determined [4]. Figure.7 
shows the block diagram for an active filter based on 
Instantaneous Reactive Power Theory. Filtering the 
instantaneous active and reactive powers leaves the 
AC components. The compensating currents are 
calculated by taking the inverse of equation (2), as 
shown by equation (3). 

푖´
훼푖´
훽

 = 푣훼 −푣훽
푣훽 푣훼

푃˜
푞˜ (3) 

 
The inverse Park Transform is applied to i’α and i’β 
and this gives the harmonic currents in standard 
three-phase form, shown in equation. (4). 

푖
푎푖
푏푖
푐

 = 

⎣
⎢
⎢
⎡

1 0
− √

− − √
⎦
⎥
⎥
⎤ 푖´

훼푖´
훽

   (4) 

 

 
Fig. 7.  Block diagram for an IRPT based controller 

 
IV. THE INSTANTANEOUS P-Q THEORY IN 
THREE PHASE THREE WIRE SYSTEMS 
 
Let us consider a three phase system with voltages va, 
vb, and vcare the instantaneous phase voltages and ia, 
ib, and icthe instantaneous line currents. Since zero 
sequence power in three phase three wire system is 
always zero, the equation (4) becomes: 

푝
푞 = 푣훼 푣훽

−푣훽 푣훼
푖
훼푖
훽

   (5) 

In the proceeding discussion, the αβ currents will be 
set as functions of voltages and the real and 
imaginary powers p and q to explain the physical 
meaning of the powers defined in the p-q Theory. 
From (5), it is possible to write 

푖
훼푖
훽

 = 푣훼 −푣훽
푣훽 푣훼

푝
푞    (6) 

If current and voltages from αβ variables are replaced 
to their equivalentabc variables in equation (6), the 
instantaneous imaginary power will be: 

q= vαiβ -vβiα=√
[vabic+ vbcia+ vcaib](7) 

This expression is similar to that implemented in 
some instruments for measuring the three-phase 

reactive power. The difference is that voltage and 
current phasors are used in those instruments. Here, 
instantaneous values of voltage and current are used 
instead. In terms of real and imaginary power, in 
order to draw a constant instantaneous power from 
the source, the Shunt Active Filter should be installed 
as close as possible to the nonlinear load, and should 
compensate the oscillating real power of this load. A 
three-phase system without neutral wire is being 
considered, and the zero-sequence power is zero [15]. 
Therefore, the compensator has to select the 
following powers as a reference to follow the control 
strategy. Instantaneous reactive power supplied by 
the compensator: 

qc=−q      (8) 
Instantaneous active power supplied by the 
compensator: 

pc=−p’      (9) 
The mean value of oscillating active powers on α & β 
axis is zero but sum of both at every instant is not 
zero so capacitor has to supply energy when 
oscillating active power is positive and absorb energy 
when it is negative [16]. 

 
V. REFERENCE CURRENTS CALCULATION 
FOR THE COMPENSATOR 
 
The compensator reference currents in α-β domain 
can be calculated as: 

푖∗
푐훼푖∗
푐훽

 = 푣훼 −푣훽
푣훽 푣훼

푝
푞    (10) 

 
In a-b-c domain currents will become: 

푖∗
푐푎푖∗
푐푏푖∗
푐푐

 = 

⎣
⎢
⎢
⎡

1 0
− √

− − √
⎦
⎥
⎥
⎤ 푖∗

푐훼푖∗
푐훽

   (11) 

This operation takes place only under the assumption 
that the three-phase system is balanced and that the 
voltage waveforms are purely sinusoidal. If, on the 
other hand, this technique is applied to contaminated 
supplies, the resulting performance is proven to be 
poor [17]. 

Fig. 8. Shows the resulting algorithm for the calculation of 
reference currents of the compensator for the constant active 

power supply 
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VI. SYNCHRONOUS FRAME BASED 
ALGORITHM OR SYNCHRONOUS 
REFERENCE FRAME 
 
Bhattacharya et al [12], proposed using the DQ 
transform, given in equation (12), which changes the 
three conventional rotating phase vectors into direct 
(D), quadrature (Q) and zero (0) vectors. The 
fundamental component for each is now a dc value 
with harmonics appearing as ripple.  

 
(12) 

 
The synchronous frame method uses Park’s 
transformation to transform the three phase ac 
quantities into the synchronous rotating direct, 
quadrature and zero sequence components which are 
dc components and easy to analyzed [12]. The direct 
and quadrature components represent the active and 
reactive powers respectively. The higher order 
harmonics still remains in the system but can be 
eliminated by using high pass filters. The method is 
only applicable to 3-phase systems [24]. Harmonic 
isolation of the DQ transformed current signal is 
achieved by removing the DC offset with a high pass 
filter. Figure 9, illustrates the block diagram of the 
DQ active filter. Voltage information is not required 
for a Synchronous Reference Frame (SRF) based 
controller. 
 

 
Fig. 9.  Block diagram of the SRF based active filter controller. 

 
One of the main differences of this method from p-q 
theory is that the d-q method requires the 
determination of the angular position of the 
synchronous reference of the source voltages; for this 
a PLL algorithm is used. After the transformation of 
load currents into the synchronous reference, a low-
pass or high-pass filter is using to separate the 
fundamental and harmonic components. Finally, the 
reference currents are transformed to the three phase 
reference using the inverse synchronous transform 
[25].As with the IRPT method, SRF based filtering 
cannot cope with load imbalances. When the load is 
unbalanced there will be a 100Hz ripple on the D, Q 
and 0 terms. A 100Hz ripple is also present if third 
harmonic currents are present (the 150Hz is translated 
down to 100Hz). The source of the ripple cannot be 
determined if the load current contains triplen 
harmonics and is unbalanced [21] 

VII. PWM TECHNIQUE 
 
The improvement of the semiconductor technology 
has given the opportunity to the application of power 
converters. The higher voltage and current rating and 
also better switching characteristic of the 
semiconductor components have expanded its 
utilization in wider area. Power converters are 
basically operated in the cut-off and saturation region, 
usually called ON-OFF region (no operation in the 
active region). This leads to the basic technique 
modulation called pulse width modulation (PWM) 
and becomes the basic of energy processing in 
converter system [26]. The energy that a switching 
power converter delivers to a motor is controlled by 
Pulse Width Modulated (PWM) signals applied to the 
gates of the power transistors. This is the most 
popular method of controlling the output voltage and 
this method is termed as Pulse-Width Modulation 
(PWM) Control. PWM signals are pulse trains with 
fixed frequency and magnitude and variable pulse 
width. There is one pulse of fixed magnitude in every 
PWM period. However, the width of the pulses 
changes from pulse to pulse according to a 
modulating signal. When a PWM signal is applied to 
the gate of a power transistor, it causes the turn on 
and turns off intervals of the transistor to change from 
one PWM period to another PWM period according 
to the same modulating signal. The frequency of a 
PWM signal must be much higher than that of the 
modulating signal, the fundamental frequency, such 
that the energy delivered to the motor and its load 
depends mostly on the modulating signal [29]. The 
advantage of PWM based switching power converter 
over linear power amplifier is: 
 

 Lower power dissipation 
 Easy to implement and control 
 No temperature variation and aging-caused 

drifting or degradation in linearity 
 Compatible with today’s digital micro-

processors  
 
VIII. SVPWM TECHNIQUE 
 
The well-known triangular carrier-based sinusoidal 
PWM for 3-phase converter was firstly proposed in 
1964. Now, since the microprocessor based system 
develops very rapidly, the space vector modulation 
(proposed in 1982) became a basic modulation 
method in 3-phase PWM converter. SVPWM 
technique was originally developed as a vector 
approach to pulse width modulation for three-phase 
inverters. The SVPWM method is frequently used in 
vector controlled applications. In vector controlled 
applications this technique is used for reference 
voltage generation when current control is exercised. 
It is a more sophisticated, advanced, computation 
intensive technique for generating sine wave that 
provides a higher voltage with lower total harmonic 
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distortion and is possibly the best among all the pulse 
width modulation techniques. It confines space 
vectors to be applied according to the region where 
the output voltage vector is located [26]. Because of 
its superior performance characteristics, it has been 
finding wide spread applications in recent years. The 
main aim of any modulation technique is to obtain 
variable output voltage having a maximum 
fundamental component with minimum harmonics. 
Many PWM techniques have been developed for 
letting the inverters to possess various desired output 
characteristics to achieve the wide linear modulation 
range, less switching losses, lower harmonic 
distortion [29] The SVPWM technique is more 
popular than conventional technique because of its 
excellent features. 
 More efficient use of DC supply voltage. 
 15% more output voltage then conventional 

modulation. 
 Lower Total Harmonic distortion (THD). 
 Prevent un-necessary switching hence less 

commutation losses. 
In this paper, a model of a three-phase inverter is 
presented on the basis of space vector representation. 
The three-phase VSI is reproduced in figure 10. ,1S to 

,6S are the six power switches that shape the output, 
which are controlled by the switching variables ,a

,a ,b , ,,b c and ,c  When an upper transistor is 

switched on, i.e., the corresponding  ,a , ,,b , or ,c is
0 . Therefore, the on and off states of the upper 
switches ,1S ,3S ,5S can be used to determine the 
output voltage. 

 
Fig.10.  Power circuit of a three-phase VSI 

 
The relationship between the switching variable 
vector a[ b c t] and line-to-line voltage vector [ ,abV

,bcV caV ] is given by (13) in the following: 
푉
푉
푉

=Vdc

1 −1 0
0 1 −1
−1 0 1

푎
푏
푐

(13) 

Also, the relationship between the switching variable 
voltage vectors [ ,abV ,bcV caV ]t can be expressed 
below. 
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As illustrated in figure 11, there are eight possible 
combinations of on and off patterns for the three 
upper power switches. The on and off states of the 
lower power devices are opposite to the upper one 
and so are easily determined once the states of the 
upper power transistors are determined. According to 
equations (13) and (14), the eight switching vectors, 
output line to neutral voltage (phase voltage), and 
output line-to-line voltages in terms of DC-linkUdcare 
given in figure.11, which shows the eight inverter 
voltage vectors (U0 to U7). 
 

 
Fig.11.  Eight possibilities of switching state: eight inverter 

voltages vectors (U0 to U7) 
 
SVM is based on vector representation of ac side 
voltage of the converter. There are 8 possibilities of 
switching states in a 3-phase 2 levels converter as 
depicted in figure.11and 12. 
 

 
Fig. 12 Graphical representation of voltage vector for each 

switching state 
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The graphic voltage vector representation in two axis 
system can be denoted in figure. 12. SVPWM refers 
to a special switching sequence of the upper power 
switches of a three-phase power inverter. It has been 
shown to generate less harmonic distortion in the 
output voltages and/or currents applied to the phases 
of a power system and to provide more efficient use 
of supply voltage compared with other modulation 
technique [30]. 
For the switching time at each sector, a MATLAB 
code is developed for generating the SVPWM pattern 
pulses. The code requires magnitude of the reference, 
the angle of the reference and the timer signal for 
comparison. The magnitude of the voltage reference 
as the first output and the angle of the reference as the 
second output from the control block are given to the 
developed code. The angle of the reference voltage is 
hold for each switching period so that its value does 
not change during time calculation. A ramping time 
signal is generated using repeating sequence block. 
 
IX. MODELLING OF SHUNT ACTIVE POWER 
FILTER 1 BASED ON P-Q THEORY 
 
The p-q theory model of figure 8, is modeled and is 
shown in the figure 13. The inputs to the p-q 
controller are the currents from the non-linear load 
and the source voltages. The outputs are the three 
phase reference currents that are send to the 
hysteresiscurrent controller where these currents are 
compared with the actual currents of the active filter 
to get the driving pulses of the inverter. The load 
currents and the source voltages are converted to αβ 
frame using equation (13). These currents and 
voltages in αβ frame are used to find the 
instantaneous powers using the equation (14) and are 
modeled in figure 13. 
 

 
Fig. 13.  Simulink model of the Shunt Active Power Filter 1 

Connected to the network 
 
Figure. 13 shows how the active filter is connected to 
thepower system in the presence ofthe non-linear 
load. The very left is the unbalance and distorted 
distribution supply. At the very right, non-linear load 
has been connected to the system with the modeling 
of the load side commutation inductance. In the 

middle, active filter is connected to the system in 
parallel (shunt) to the non-ideal supply and load 
 
X. MODELLING OF SHUNT ACTIVE POWER 
FILTER 2 BASED ON PWM TECHNIQUE 
 
In discrete PWM technique based hybrid filters, the 
system has the function of voltage stability, and 
harmonic suppression. The reference current can be 
calculated by ‘d-q’ transformation.The synchronous 
reference frame theory or d-q theory is based on time-
domain reference signal estimation techniques. The 
basic structure of SRF controller consists of direct (d-
q) and inverse (d-q)-1 park transformations as shown 
in figure 14. These are useful for the evaluation of a 
specific harmonic component of the input signals. 
 

 
Fig.14.  Synchronous d-q-0 reference frame based 

compensation algorithm 
 
Figure 15 shows MATLAB/ Simulink model of a 
shunt active power filter 1 connected to the network. 

 
Fig. 15.  Simulink model of the Shunt Active Power Filter 2 

connected to the network. 
 
XI. MODELLING OF SHUNT ACTIVE POWER 
FILTER 3 BASED ON SVPWM TECHNIQUE 
 
The main section of the APF shown in figure. 16, is a 
forced-commutated VSI connected to dc capacitor. 
Considering that the distortion of the voltage in 
public power network is usually very low, it can be 
assumed that the supply voltage is ideal sinusoidal 
and three-phase balanced as shown below:  
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 Where  sV is the supply voltage.It is known that the 
three-phase voltages [ ,saV ,sbV scV ]in a b c can 

be expressed as two-phase representation in qd 
frame by Clark’s transformation and it is given by 

sV  =
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It is possible to write equation (16) more compactly 
as  

  s
ssqsdscsbsas VjVVavavavV  210

3
2

                                                                                          
(17) 

Where


3
2j

ea  , so balanced three-phase set of 
voltages is represented in the stationary reference 
frame by a space vector of constant magnitude, equal 
to the amplitude of the voltages, and rotating with 
angular speed f 2 . 

Fig. 16.  Configuration of a Hybrid APF using SVPWM 
 
As shown in figure.16, the shunt APF takes a three-
phase voltage source inverter as the main circuit and 
uses capacitor as the energy storage element on the dc 
side to maintain the dc bus voltage dcV constant. 

Fig.17.  Control block diagram of proposed algorithm 
 
The figure 17, shows the block diagram of active 
filter controller implemented for reducing the 
harmonics with hybrid active filter system. In each 

switching cycle, the controller samples the supply 
currents ,sai sci and the supply current sci is calculated 
with the equation of - (isa+isc), as the summation of 
three supply current is equal to zero. These three-
phase supply currents are measured and transformed 
into synchronous reference frame (d-q axis) [26]. The 
fundamental component of the supply current is 
transformed into dc quantities in the (d-q) axis and 
the supply current amplitude si generated by the PI 

controller with dcV and refV , the reference value of 
the dc bus voltage. The obtained d-q axis components 
generate voltage command signal. By using Fourier 
magnitude block, voltage magnitude and angle is 
calculated from the obtained signal. These values are 
fed to the developed code and compared with the 
repeating sequence. Then the time durations ,1T ,2T

and 0T ,the on-time of 1V , ,2V and 0V are calculated.. 

The generated switching actions are applied to the 
APF and power balancing of the filter takes place. 
 

 
Fig. 18.  Simulink model of the Shunt Active Power Filter 3 

connected to the network. 
 
XII. SIMULATION RESULTS AND ANALYSIS 
 
The performance of the 3 proposed filters are 
evaluated using MATLAB/SIMULINK power tools. 
For an input supply voltage of 230V (rms) and 
switching frequency of 5 kHz, the simulation results 
before and after power balancing are shown. 
 
A. Performance of Shunt Active Power Filter 1 
connected to a Non Linear Load. 
Figure 19 shows the connection of shunt active filter 1 
to a non-linear load. The model is simulated in 
MATLAB and the output results are analyzed as 
discussed in the next section. 
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Fig.19. Simulink Model ofShunt Active Power Filter 1 based on 
Instantaneous Reactive Power Theory with Hysteresis Current 

Controller connected to a non – linear load 
 

 
Fig. 20. Output load Voltage & Current waveforms 

 

 
Fig. 21. Input source Current Waveform 

 
The figures 20 and 21, shows the simulation results of 
three-phase nonlinear load with Filter1. Figure 20 
shows the waveforms of load current after 
compensation and figure 21 shows the source current 
waveform after compensation. 
 

 
Fig.22. Harmonic spectrums for nonlinear load condition with 

Filter1 
 
The figure 22, shows the current harmonic spectrum 
of three-phase nonlinear load with Filter1 after 
compensation. 
 
B. Performance of Shunt Active Power Filter 2 
connected to a Non Linear Load. 
Figure 23 shows the simulation model of the shunt 
active power filter 2 connected to a non-linear load. 
The output load currents and input source currents are 

obtained and a fourier analysis is done to observe the 
harmonic levels before and after compensation. 

Fig.23.  Simulink Model ofShunt Active Power Filter 2 based 
on PWM technique connected to a non -linear load. 

 

 
Fig. 24. Output load Current waveforms 

 

 
Fig.25. Input Source Current Waveform 

 
The figures 24 and 25, shows the simulation results of 
three-phase non- linear load with Filter1. Figure 24 is 
the waveform of load current after compensation and 
figure 25 is the source current waveform after 
compensation. 
 

 
Fig.26. Harmonic spectrums for nonlinear load condition with 

Filter2 
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The figure 26, shows the current harmonic spectrum 
of three-phase nonlinear load with Filter2 after 
compensation. 
 
C. Performance of Shunt Active Power Filter 3 
connected to a Non Linear Load. 
The figure 27, shows the Simulink model of shunt 
active power filter 3 using SVPWM technique 
connected to a non-linear load. Simulated current and 
voltage outputs are recorded and observed and a 
fourier analysis is done to observe the harmonics in 
the current waveforms. 

 

 
Fig.27.  Simulink Model ofShunt Active Power Filter 3 based 

on SVPWM technique connected to a non -linear load. 
 

 
Fig. 28.  Output load Current waveforms for Non Linear load 

condition with Filter 3. 
 

 
Fig.29. Input Source Current waveforms for Non Linear load 

condition with Filter 3. 
 
The figures 28 and 29 shows the simulation results of 
three-phase non- linear load with Filter3. Figure 28 is 
the waveform of load current after compensation and 
figure 29 is the source current waveform after 
compensation. 
 

 
Fig. 30. Input source current harmonic spectrums for 

nonlinear load condition with Filter 3 
 
The figure 30, shows the current harmonic spectrum 
of three-phase nonlinear load with Filter 3 after 
compensation.  

 
TABLE.1. RESULT ANALYSES FOR NONLINEAR SYSTEM 

 
 

Table 1 shows the simulation of harmonic spectrum 
of APF with PWM Technique and SVPWM 
Technique used for non-linear load used. Here the 
non-linear load is a three-phase diode bridge rectifier 
with resistance load. The harmonic spectrum of the 

source current shows that magnitude of the 5th, 7th, 
11th and 13th harmonics are evidently reduced after 
compensation. The load current Total Harmonic 
Distortion (THD) is 30.05%, while the supply current 
THD is 7.13% when filter1 is used this is shown by 
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figure 20 and 21, and the load current Total Harmonic 
Distortion (THD) is 26.48%, while the supply current 
THD is 4.15%, when filter 2 is used this is shown by 
figure 24 and 25. The load current Total Harmonic 
Distortion (THD) is 26.78%, while the supply current 
THD is 3.80%. when filter 3 is used this is shown by 
figure 28 and 29. 
 It should be noted that the higher frequency 
harmonics caused by APF in mains current can be 
canceled easily by a small passive filter and there are 

pulses in main current at the points, where dt
di  of 

load current is large, because fixed switching 
frequency restrict the tracking capability of APF. The 
harmonic spectrum shows that there is a reduction of 
higher order harmonics in three-phase source current 
when non-linear load is simulated using SVPWM 
technique in filter 3. 

 
CONCLUSIONS 
 
The performance of three phase three wire shunt 
active filter with controller based on instantaneous 
active and reactive power (the p-q) theory, simulated 
in MATLAB/SIMULINK environment, is compared 
with PWM and SVPWM techniques, to compensate 
the problems of the harmonics and reactive power 
which are encountered from power electronic non-
linear loads. The performance of the shunt active 
power filters is investigated under different scenarios. 
It is investigated that the p-q theory based active filter 
manages to compensate the harmonics and reactive 
power of the power distribution network even under 
unbalanced and distorted supply voltages. The active 
power filter is able to reduce the THD in source 
current at a level well below the defined standards 
specified by power quality standards. The THD in 
source current after the active filtering is not exactly 
zero. It is because internal switching of the 
compensator itself generates some harmonics. It has 
been noted that if voltage unbalance or distortion or 
both are present in the system, the simple p-q theory 
didn’t work well. Therefore, PWM and SVPWM 
control techniques are also observed and their 
performance are studied.  The active power filter 
controller has become the most important technique 
for reduction of current harmonics in electric power 
distribution system. In this research work, three 
models for three-phase active power filter using three 
different control techniques, for balanced non-linear 
load are designed and simulated using 
MATLAB/Simulink software package for the 
reduction harmonics in source current. The 
conclusions of the research paper are such as: 
 
 During this part of the research work the 

performance of the hybrid active power filter is 
analyzed using PWM and SVPWM technique for 
minimizing harmonics, and improving the power 
factor in the power system. 

 The performance of the hybrid active power filter 
is verified with the simulation results. From the 
results; it clearly indicates that, the current ripple 
is less by using SVPWM compared to PWM. 

 In case of non-linear load, the THD response of 
the source current before compensation is 
30.04%. 

 The THD response of PWM and SVPWM 
technique has been compared. The THD of the 
source current after compensation is 3.80% by 
using SVPWM technique. When using PWM 
technique the source current after compensation 
is 4.15% in case of nonlinear load. 

 The performance of SVPWM technique is better 
as compare to the PWM technique. 
 

This research has given a broad review about the 
concept, theory and basic principle of multilevel 
inverter. After careful consideration between different 
modulation techniques, it is concluded that the space-
vector-pulse-width modulation (SVPWM) is found to 
be most popular technique. The brief introduction of 
carrier based modulation technique is also discussed 
to get better understanding. While comparing the 
carrier based pulse width modulation and space-
vector-pulse-width modulation, SVPWM carries 
better DC bus utilization causing a better production 
of fundamental component by means of amplitude. 
By implementing this technique, the amount of total 
harmonic distortion (THD) is also get reduced. The 
overview of each block used in this environment is 
also presented. The results obtained by utilizing 
practical values of R-L load. The harmonic contents 
at each output stage are analyzed by utilizing the FFT 
analysis tool which is incorporated in SimPowerSys 
tool box. 
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