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Abstract—In the last few years, harmonics have been occurred 

with the increasing use of nonlinear loads, and these harmonics have 
been an ever increasing problem for the line systems. This situation 
importantly affects the quality of power and gives large losses to the 
network. An efficient way to solve these problems is providing 
harmonic compensation through parallel active power filters. Many 
methods can be used in the control systems of the parallel active 
power filters which provide the compensation. These methods 
efficiently affect the performance of the active power filters. For this 
reason, the chosen control method is significant. In this study, Fourier 
analysis (FA) control method and synchronous reference frame (SRF) 
control method are discussed. These control methods are designed for 
both eliminate harmonics and perform reactive power compensation 
in MATLAB/Simulink pack program and are tested. The results have 
been compared for each two methods. 
 

Keywords—Harmonics, Harmonic compensation, Parallel active 
power filters, Power quality. 

I. INTRODUCTION 
HE electrical energy is one of the most prominent 
requirements of today's social and economic life. 

Nowadays evolving technology, growing population with 
rising living standards has increased the demand of energy. At 
the same time transmission of the generated energy must be 
transmitter completely and must be used efficiently. But in 
recent years with increasing of power electronics applications, 
the use of non-linear loads is also increasing. These non-linear 
loads create harmonic currents in power lines and this 
situation causes some problems such as reactive power load, 
overheating, low power quality [1], [2].  

Passive filters have been traditionally used to eliminate 
harmonics and improve quality of power. However, these 
filters have some disadvantages such as massiveness, carrying 
a risk of resonance and providing a fixed compensation [3]. 

With the development of control techniques and 
semiconductor technology, design of active power filter (APF) 
has come to the forefront to overcome problems of passive 
filters and to eliminate harmonics. 

APF offers an important kind of way for harmonic 
compensation. APFs automatically satisfy frequency and 
impedance changes [4]. These filters have many functions 
such as reactive power compensation, compensation of 
harmonic currents, voltage regulation, frequency regulation 
and balancing three phase currents [5]-[7]. 
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Engineers of power electronics and power systems have 
made significant efforts together to resolve the problem of 
total harmonic distortion (THD) and power quality, to develop 
dynamical adjusting solutions. The tools used to solve these 
problems are called APFs [2]. APFs are composed of some 
power electronic circuits and passive elements such as coils, 
capacitors. These filters can be used for many purposes such 
as current harmonic compensation, reactive power 
compensation, neutral line current compensation, elimination 
of harmonic voltages, suppressing voltage waveforms, 
balancing three-phase system [2], [5]-[9]. 

According to topological structure, APFs are divided into 
sections; parallel, serial, hybrid and unified power quality 
regulators [10]. The parallel active power filters (PAPF) of 
these topologies are connected to grid in parallel. This class of 
filter configuration is the most important and widely used 
structure in industrial business [11]. These filters are suitable 
for elimination of the type of current harmonic such as 
compensation of harmonic currents, reactive power 
compensation, load balancing current and neutral current 
compensation [2], [12]-[14]. PAPFs operate by transmitting 
harmonics to power lines in opposite direction.  

Different control methods can be used to find current 
harmonics in the system. In this study, Fourier analysis (FA) 
control method and synchronous reference frame (SRF) 
control method are discussed. 

II. SHUNT ACTIVE FILTERS  

A. Fourier Analysis Control Method on Parallel Active 
Power Filters 

Any non-sinusoidal waveform can be separated into pure 
sine waves. These pure sine waves have frequency which is on 
the multiples of fundamental frequency. This pure sine wave 
is called the harmonic components. FA is used to determine 
magnitude and frequency of harmonic components [15]-[17]. 

Harmonics in the system are found by taking the Fourier 
transform of load current. And these harmonics are combined 
to create reference signal. With this transformation, desired 
harmonic component or components can be calculated in the 
system. 

Non-sinusoidal voltage or current waveforms, as indicated 
in the formulas below (1), (2), can be shown as a sum of 
sinusoidal signals of different frequency and different size. 

 
∑kV ሺtሻ ൌ V sinሺnwt ൅ θ ሻsn n nnൌ1                      (1)               

∑kI ሺtሻ ൌ I sinሺnwt ൅ θ ሻn nnൌ1Ln                      (2)                   
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I ൌ I sinሺwt ൅ θ ሻL1 1 1  shows basic component of harmonic 
currents. If this fundamental current component is removed 
from load current, only current harmonics are obtained. 

 

Load current harmonic harmonic

Load current harmoni

I ൌ I ൅Iሺaሻ 1. ሺaሻ 2.3.4... ሺaሻ
I ൌ I ൅Iሺbሻ 1. ሺbሻ 2.3.4... ሺc harmonic

Load current h

bሻ
I ൌ I ൅Iሺcሻ 1. ሺcሻ 2.3.4...armonic harmonicሺcሻ

  (3) 

 
Using (3), we can get;       
 

Load current harmonic harmonic

Load current harmoni

I ‐ I ൌ Iሺaሻ 1. ሺaሻ 2.3.4... ሺaሻ
I ‐ I ൌ Iሺbሻ 1. ሺbሻ 2.3.4... ሺc harmonic

Load current h

bሻ
I ‐ I ൌ Iሺcሻ 1. ሺcሻ 2.3.4...armonic harmonicሺcሻ

      (4) 

 
If harmonics which derived from using (4), are pressed to 

the system in an opposite and equal magnitude, harmonic 
compensation is achieved. Magnitude of fundamental 
harmonic and phase angle of fundamental harmonic is 
calculated by using FA. Magnitude of fundamental component 
and phase angle of fundamental component can be obtained by 
using the following formulas. 

 
      ∞∑fሺtሻ ൌ A ൅ ሺA sinnt ൅ B cosntሻo n nnൌ1            (5) 

                    ∞∑fሺtሻ ൌ A ൅ C sinሺnt ൅θ ሻo n nnൌ1                   
 

For fundamental harmonic, A1 coefficient and B1 
coefficient are found as follows. 

 

∑
2 mA ൌ y sinሺθ ሻkൌ11 k km

                              (6)                                                                                                                             

∑
2 mB ൌ y cosሺθ ሻkൌ11 k km

 

 
C1 is magnitude of the fundamental harmonic and ϴ1 is the 

phase angle of fundamental harmonic. 
 

2 2C ൌ A ൅ B1 1 1
                                   (7)                                                                                                                             

B‐1 1θ ൌ tan ሺ ሻ1 A1
 

 
After calculating the phase angle, the phase locked loop 

(PLL) produces sinusoidal wave components. Fundamental 
harmonic current magnitude is multiplied by sinusoidal waves. 
Thus, fundamental current harmonic value of each load phase 
can be calculated. But current losses of the inverter (ILOSS) 
should be given back to system [18]. 

For n=1; 
  I ൌ I ൅ ILoss1 1                                  (8)   

                                                                                                                                                     

       ( )( )I ൅ ILoss1harI . ൌ * sinሺwt ൅θ ሻa1 1ሺaሻmonic  

 ( )( )I ൅ ILoss1harI . ൌ * sinሺwt ൅θ ሻ1 1ሺbሻmoni bc       (9)                   

       ( )( )I ൅ ILoss1harI . ൌ * sinሺwt ൅ θ ሻc1 1ሺcሻmonic  

 

 
Fig. 1 FA Control method, giving back Iloss current to the system 

 
Lastly, for each phase obtained first harmonic components 

remove from load currents. Thus harmonic currents can be 
found in the power lines. These harmonic currents are 
reversed so that the reference signals are generated. Fig. 3 
shows the steps required to create reference signal. 

 

 
Fig. 2 FA Control method to find the phase angle and magnitude of 

the fundamental harmonic 
 
Error signal is generated by subtracting the reference 

currents from active filter currents. This error is sent to 
hysteresis band to eliminate harmonic current. This error 
signal is controlled according to hysteresis band limit. So that, 
the trigger signals are produced for semiconductor elements in 
pulse width modulation (PWM). Inverter switches are opening 
or closing according to the trigger signal of PWM. 
Compensation of harmonic currents are thereby provided. 

B. Synchronous Reference Frame Control Method on 
Parallel Active Power Filters  

In Synchronous Reference Frame control method APF 
applications, currents or voltages in three-phase a-b-c 
coordinate are converted synchronous rotating reference frame 
with the system voltage. In SRF control method and the case 
of non-linear load, harmonics and reactive currents drawn by 
load are identified. Compensation provides current harmonics 
which have equal but opposite magnitude by pressing to 
power line [19].  
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Fig. 3 General algorithm of FA control method 

 
α- β- 0 axes in stable reference frame do not rotate. Rotating 

reference frame is rotated synchronously with system voltage. 
Thus the angular position of system voltage vector also shows 
the angular position of the synchronous reference frame. SRF 
control method mainly consists of three steps. Firstly by using 
(10), three-phase systems in Ia, Ib, Ic load currents are 
converted to the rotating synchronous reference frame [20]. 

  
⎡ ⎤⎛ ⎞ ⎛ ⎞ ⎡ ⎤⎜ ⎟ ⎜ ⎟⎢ ⎥⎡ ⎤ ⎢ ⎥⎝ ⎠ ⎝ ⎠⎢ ⎥⎢ ⎥ ⎢ ⎥⎛ ⎞ ⎛ ⎞⎢ ⎥⎣ ⎦ ⎢ ⎥⎜ ⎟ ⎜ ⎟ ⎣ ⎦⎢ ⎥⎝ ⎠ ⎝ ⎠⎣ ⎦

2π 2π Isin θ‐ sin θ൅sinθ LaI 2 3 3d ൌ ILbI 2π 2π3q cosθ cos θ‐ cos θ൅ ILc3 3

           (10)                                                               

     
Id and Iq currents have only DC component when linear 

load is used. However Id and Iq currents will have alternating 
current component (AC) and direct current (DC) component 
when using a non-linear load. 

 
I ൌ I ൅ Iq q q                              (11)                                                                                                                  

                             I ൌ I ൅ Id d d  
 
Id and Iq are used for different types of compensation. For 

example, AA components ൫݀ܫ,෪ ෩ݍܫ ൯ of Id and Iq currents are 
only used for harmonic compensation. Required current 
components for different types of compensation are showed in 
Table I [19].   

The second step in Synchronous Reference Frame control 
method is determining the current components of Id and Iq 
according to the types of compensation of APFs are supposed 
to do. In this study to ensure harmonic and reactive power 
compensation, AC component of Id current should be found. 
AC component of Id current is obtained by passing Id current 
through high pass filter (HPF).  

 

TABLE I 
FUNCTION OF CURRENT COMPONENTS IN SRF CONTROL METHOD 

Compensation Type The required current components 
Reactive Power Compensation 

qI  

Harmonic Current Compensation 
dI , qI  

Harmonic Current and Reactive Power 
Compensation dI , qI  

I = current. 
 

 
Fig. 4 Obtaining AC current component of Id 

 
⎡ ⎤
⎢ ⎥⎡ ⎤
⎢ ⎥⎢ ⎥ ⎡ ⎤⎛ ⎞ ⎛ ⎞⎢ ⎥⎢ ⎥ ⎢ ⎥⎜ ⎟ ⎜ ⎟⎢ ⎥⎝ ⎠ ⎝ ⎠ ⎢ ⎥⎢ ⎥ ⎣ ⎦
⎢ ⎥⎢ ⎥⎣ ⎦ ⎢ ⎥⎣ ⎦

sinθ cosθIrefሺaሻ ‐I ൅ I2π 2π LossdI ൌ sin θ‐ cos θ‐refሺbሻ ‐I3 3 q
I 2π 2πrefሺcሻ sinሺθ൅ ሻ cosሺθ൅ ሻ

3 3

       (12) 

 
Last step of SRF control method acquires reference signal 

by using (12), [20]. General algorithm of SRF control method 
is provided in Fig. 5. The obtained reference currents to 
eliminate harmonics in power line are sent to hysteresis 
current controller as fourier transform. 
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Fig. 5 General algorithm of SRF control method 

 
III. SIMULATIONS 

The Matlab / Simulink simulations of both methods have 
been performed in Power System Toolbox to compare FA 
control method and SRF control method. These simulations 
have been performed by using the same load and the same 
voltage. Three-phase diode rectifier has been selected as non-
linear load. System parameters are shown in Table II. 

 
TABLE II  

MATLAB/SIMULINK PARAMETERS OF FA AND SRF CONTROL ALGORITHMS 
Specifications Parameters Values 

Source Voltage 220V 
 Frequency 50Hz 

Load Resistance (RL) 
Inductance (LL) 

15 Ω 
1mH 

Parallel Active 
Power 
Filters 

Capacitors 
DC Ref Voltage(VDC) 
Hysteresis band gap 

Resistance (RF) 
Inductance (LF) 
PI Parameters 

3000µF 
450V 
0.8 A 
0.1 Ω 
1Mh 

0.77, 28 
V=voltage, Hz=hertz, Ω=ohm, H=henry, F=faraday, A=ampere. 

 
TABLE III 

THD VALUES OF LINE CURRENT 
Specifications % THD Reactive Power drawn by load 
Line Current % 29.11 ≈ 4100    -3800 VAr 

THD value of line current 
(After FA control method 
PAPF has been connected) 

% 2.30 ≈ 0    750 VAr      

THD value of line current 
(After SRF control method 
PAPF has been connected) 

% 2.32 ≈ 0    780 VAr 

VAr=voltage ampere reactive. 
 

IV. RESULTS AND ANALYSIS 
Fig. 6 shows values of current shape of line before parallel 

active power filter is connected to power line. As seen in these 
figures, the line current includes high amounts harmonics. Fig. 
7 shows values of line current after parallel active power filter 
based on FA control method has been connected to power 
line. Also Fig. 8 shows values of line current after parallel 
active power filter based on SRF control method has been 
connected to power line. Line current has been very close to 
pure sinusoidal waveform as seen from Figs. 7 and 8. 
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Fig. 6 Values of distorted line currents 

 

 

 
 
 
 

Fig. 7 Values of line currents after parallel active power filter based on FA control method has been connected to power line
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Fig. 8 Values of line currents after parallel active power filter based on SRF control method has been connected to power line

V. CONCLUSION 
Nowadays APFs offers an effective solution method on 

power quality problems. Topological structure and control 
method of APFs are parameters to be taken into consideration 
to solve existing problems. In this study, parallel active power 
filters based on FA control method and SRF control method 
has been examined. Performance of both two methods have 
compared in terms of harmonic currents compensation and 
reactive power compensation. For this comparison, MATLAB 
/ Simulink power system toolbox program has been used. 
With parallel active power filter based on FA algorithm, THD 
value of harmonic current in power line has reduced from 
%29.11 to %2.30. Additionally with PAPF based on 
Synchronous Reference Frame algorithm, THD value of 
harmonic current in power line has reduced from %29.11 to 
%2.32. The obtained simulation results have showed that 
compensation of both methods are successful. At the same 
time THD value of current harmonics is under predetermined 
international standards.  

It has been observed that FA control method is a bit more 
successful in terms of both harmonic compensation and 
reactive power compensation. 
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