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Abstract-In this study a new method is proposed in order to 

improve the harmonic suppression efficiency of Active Power 
Filter for the problems caused by the distorted and unbalanced 
voltages with unbalanced load currents in control strategy. The 
proposed control method gives an adequate compensating 
current reference even for non ideal voltage and unbalanced 
current conditions. The results of simulation study are presented 
to verify the effectiveness of the proposed control technique in 
this study. 

 Index Terms--Active Power Filter, Park  Transformation, 
Clark Transformation, Self Tuning Filter, Unbalanced Load 
Currents and Voltages. 

I. INTRODUCTION 

Non-linear electrical devices have became common place 
in industrial and commercial facilities. Computer power 
supplies rectifier equipment, domestic appliances, adjustable 
speed drives are some examples of these non-linear loads. 
These non-linear power electronic loads draw non-sinusoidal 
currents from ac mains and cause a type of voltage and 
current distortion called harmonics [1]. These harmonics 
cause various problems in power systems and in consumer 
products, such as equipment overheating, blown capacitors, 
transformer overheating, excessive neutral currents, low 
power factor, etc. In order to solve these problems, Active 
Power Filters (APFs) has drawn much attention since the 
1970s, because they have excellent compensation 
characteristics. They are developed to suppress the harmonic 
currents and compensate for reactive power, simultaneously. 
For this propose, the power converter of an active power filter 
is controlled to generate a compensation current that is equal 
to the harmonic and reactive currents. In order to determine 
the harmonic and reactive components of the load current, 
several techniques are introduced in the literature [2]. These 
strategies applied to APFs play a very important role in the 
improvement of the performance and stability. The control 
strategy affects the cost, steady state, and dynamic 
performances of the filter. The common point of the 
investigated control techniques is the need of grid voltage 
measurement [3]. The unbalanced voltages usually occur 
because of variations and unbalances in the load – arising 
from differing phases of the load current due to different 
network impedances for example.  Therefore, the dynamic 
characteristics of the harmonic detection methods would  

 

 
 
likely be adversely affected without proper consideration of 

the voltage unbalances, distortions and current unbalances.  
 
In this study, we propose a new method to increase the 

harmonic suppression efficiency of three phase three wire 
APF in the case of both non-ideal grid voltage and 
unbalanced load current condition. 

 

II. ACTIVE POWER FILTER 

In this study, we consider three-phase systems with 
variable nonlinear loads. The block diagram of a basic three-
phase APF connected to a general non-linear load is shown in 
Fig. 1. 

 
Fig.  1.  Block diagram of the APF 

The main aim of the APF is to compensate for the 
harmonics and reactive power dynamically. The APF 
overcomes the drawbacks of passive filters by using the 
switching mode power converter to perform the harmonic 
current elimination. The three-phase load current has a non-
unity power factor. Therefore, the current drawn by the 
possibly reactive load with harmonics and is given by: 

 
)()()()( 1 titititi qhL ++=   (1) 

 
where iL(t) is the load current, i1(t) is the fundamental 
current,   ih(t) is the harmonic currents and iq(t) is the 
reactive current. As is convention, shunt APFs are operated as 
a current source in parallel with the loads. The power 
converter of an APF is controlled to generate a compensation 
current, ic(t), which is equal to the harmonics and opposite 
phase, i.e., 
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( ))()()( tititi qhc +−= ,   (2) 

 This yields a sinusoidal source current given by 
 

)sin(1 tiiS ω= .   (3) 

 

III.  PROPOSED CONTROL METHOD 

In the proposed control method, first the load currents    
(ia, ib, ic) are transformed into the component in the 
Synchronous Reference Frame coordinate system by using 
following park transformation: 
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where, the angle θ is the angular position of the synchronous 
reference. It is a linear function of the angular position of the 
grid voltages. This angular position can be determined by the 
aid of a Phase-Locked-Loop (PLL). Therefore, the 
performance of the control method is dependent on the type 
of PLL algorithm used. In order to improve the efficiency of 
the PLL, the three-phase supply voltages (ua, ub, uc) are 
transformed using the Clarke (or α-β) transformation into a 
different coordinate system by using: 
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Then, we obtained two phase voltages processed by the self-
tuning filter (STF). STF was first used in order to estimate the 
phase angle of PWM converter outputs [4] and used in [5-19]. 
In [6], the transfer function is obtained from the integration of 
the synchronous reference. The transfer function is defined 
as: 
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where 

 ( ) ( )j t j t
xy xyV t e e U t dtω ω−= ∫  .           

(7) 
 

The STF has a magnitude and phase response that is 
similar to those of a general band-pass filter. Apart from the 
integral effect on the input magnitude, the STF does not alter 
the phase of the input, i.e. the input Uxy(s) and output Vxy(s) 

have the same phase. Note that in order to have unit 
magnitude, i.e. |H(s)| = 0 dB, a constant KX is incorporated in 
to Eq. 6, that is,  
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In the stationary reference, the fundamental components 
are given by: 
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Then, the obtained  un-distorted and balanced two phase 
voltages can be convert to the three phase system by using 
inverse Clark transformation as given by, 
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By this method the angular position ( θ ) of the source 
voltages can be determine correctly by using PLL.  

Beside this, the un-balanced load currents are also 
important power quality issue that may reduce the 
performance of the APF. For this reason, the obtained id and 

iq components by (4) are also processed in the proposed 
control method in order to calculate balanced current 
components.  

[ ] )()()()( 2 si
s

sisi
s

Ksi qddd
ω−−= , (12) 

[ ] )()()()( 2 si
s
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s
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ω+−= . (13) 

After obtaining the balanced and undistorted current 
components, the fundamental and harmonics components of 
instantaneous currents can be obtain by using  (14) and (15), 
respectively, 

ddd iii −=~
,   (14) 

qqq iii −=~
.   (15) 

In the most of the control method, a low-pass or high-pass 
filter is used to separate the fundamental and harmonic 



currents. However, there is no need for an additional filter in 
the proposed control method. Finally, the obtained current 
harmonic components, from (14) and (15), are then 
transformed to the three phase converter reference currents 
using the inverse synchronous transform as given by, 
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A block diagram representation of the proposed control 
method is shown in Fig. 2. 

 

Fig.  2.   The block scheme of the proposed control method 

IV. SIMULATION RESULTS 

The proposed control method is simulated using 
MATLAB/Simulink and power system block set environment 
to verify the performance of the system. Three variable RL 
type non-linear load groups (Load 1, Load 2 & Load 3) are 
used to see dynamic performances of the APF. Additionally, 
a linear load (Load 4) is used to create additional unbalance 
currents condition in the studied system. The used parameters 
in these work are given in Table I. 

 
TABLE I 

PARAMETERS OF THE ANALYZED SYSTEM 

Symbol Quantity Value 
vS ,  f  Line to Neutral Volt. & Freq. 240 V, 50 Hz 
Zs  Grid Impedance 3 mΩ,2.6 µH 
Zc Converter Impedance 20 mΩ, 3mH 
ZL  Load Impedance 10 mΩ,0.3 mH 
Load 1 Non-Linear Load Res. and Ind. 16 Ω,30 mH 

Load 2 Non-Linear Load Res. and Ind. 20 Ω,30 mH 

Load 3 Non-Linear Load Res. and Ind. 18 Ω,30 mH 
Load 4 Linear Load Res. and Ind. 40 Ω 
Cdc APF dc Capacitor 2200 µf 
Udc dc- Link Voltage 750 V 
Kp &  Ki Proportional &  Integral Gain 0.88 & 78.96 
K1&  K2 STF Gain 100 & 40 
fs Switching Frequency 14 kHz 

 
In this study, the Total Harmonic Distortion (THD) of 

the grid voltages in each phase are  10.80 %, 12.79 %  and 
8.13 %. The voltages between phase to neutral in each phase 
are  240.4V, 226.3V, 247.5V.  The grid voltage waveform 
can be seen in Fig. 3. Moreover, the THD of the load currents 
in each phase are  11.76  %, 13.21 %  and 15.11 % while the 
RMS currents are 39.22 A, 35.34 A, 35.42 A. In the second 
load combination the currents are increased to 49.31 A, 
35.33A, 43,96 A. The current waveform of the load groups 
can be seen in Fig. 4. 

 

 
Fig.  3.  Three phase unbalanced and distorted (non-ideal) grid voltage 

 
Fig.  4.  Unbalanced varying load current under non-ideal voltage 

condition. 



After converting the three phase voltages to two phase 
coordinate system (α-β) as described in (5), the grid voltages 
are processed by using STF as given in (9) and (10). Then, 
the obtained undistorted and ideal two phase voltage 
waveforms are transformed to three phase voltage waveforms 
by using inverse Clarke transformation (see Eq.11).   Related 
waveforms to these processing are giving in Fig. 5. 

 

 
Fig.  5.  Voltage waveforms, a-) Three phase unbalanced and distorted 
grid voltages, b-) Grid voltages after transformation to α-β ( at the input of 
STF), c-) The obtained balanced and undistorted two phase voltage 
waveforms (at the output of STF), d-) The obtained balanced and undistorted 
three phase voltage waveforms (at the input of PLL). 

After obtaining the correct angular position of the 
synchronous reference, the di  and qi components are 
calculated by using park transformation as given in (4). 
Second STF is designed as described in (12) and (13) to 
process di  and qi components. By this method, balanced di  

and qi components are obtained.  
 
In order to compensate converter losses the DC-link 

capacitor voltage is processed by using conventional PI 
regulator. The DC-link voltage waveform at the capacitor 
terminal is given in Fig. 6. 

 
Fig.  6.  DC-link terminal voltage with the proposed control method  

Moreover, the harmonic components are  subtracted 
from fundamentals to obtain two phase converter reference 
currents. For this, additional low pass filter or high pass filter 
is not used. Then, the obtained two phase reference current 
signals are converted to three phase as given in Fig. 7 by 
using (16). 
 

 
Fig.  7.  Three phase converter currents 

Finally, the grid current waveform is obtained as given 
in Fig. 8. The THD of the grid currents are reduced from 13% 
to around 2 %.  

 
Fig.  8.  Grid current after filtering by proposed control method under  
distorted and un-balanced grid voltage with unbalanced load conditions 

V. CONCLUSION 

In this paper, we have considered to design a control 
method in order to generate correct reference current signal to 
satisfy the requirements of harmonic suppressing and reactive 
power compensation for the unbalanced nonlinear loads 
combination under case of non-ideal grid voltage conditions. 
In the propose method, the distorted and unbalanced voltages 
first processed by using Self Tuning Filter to determine the 
correct angular positions. Then second STF is used to extract 
balanced load current waveforms after obtaining  the 
fundamental and harmonic components of instantaneous 
currents by using park transformation. In this study, 
additional low-pass or high-pass filter is not used to extract 
harmonic components from the fundamental. The simulation 
studies shows that the proposed control technique gives an 
adequate compensating current references.  
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