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Abstract:-The paper presents the structure of an active parallel filter for distorting regime and reactive power 
compensation. The active power filter control is based on synchronous reference system theory. The authors 
present the modeling of parallel active filter based on this theory and the simulation results in MATLAB-
SIMULINK for two methods of power filter regulator. One of this is based on instantaneous reactive power 
(SRS_Q) and the other is based on instantaneous active power (SRS_P). 
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1 Introduction 
More than 60% of power system is feed by power 
static converters. There are well known advantages 
of power static converters, but there are some 
disadvantages such as distortion of the waveforms 
of voltages and currents of the power supply, which 
is equivalent with presence of fundamental 
harmonic and superior harmonics in electrical 
networks. 

In consequence of that, there is necessary 
development of some solutions to compensate the 
voltage and current harmonics. Those solutions are 
represented by passive and active filters. 

Power active filters (PAF) represent for the 
network a changeable inductance with a determined 
value needed for harmonics discharge. These filters 
didn’t base on a rigid structure and are appropriate 
for complex waveforms, which have a complex 
mathematic model. 

In the latest years, there were a large variety of 
PAF topologies [2], [16], [19], due to the 
development in power converters and power static 
elements with a better performance in control, 
current and voltage rated values and reduced 
switching times. All of these associated with a 
development of digital techniques and a Digital 
Signal Processors (DSP) leaded to the PAF methods 
improvement. 

PAF can be classified in [13], [15]: 

• Parallel active filters; 
• Serial active filters; 
• Serial-parallel active filters; 
• Hybrid active filters. 

The parallel active filters represents the well-
known structure  and improve the distorting regime, 
power factor, balanced the network currents and 
made the null phase current to zero value.  

The PAF is connected in parallel with the non-
linear load. The basic function consists in injection 
of currents which are load currents in opposite-
phase, so that the load harmonic currents are 
canceled [8], [9]. 

The PAF consists in a DC static converter and an 
element to stock the energy. The static converter is 
controlled with a high frequency and with an 
algorithm which measures the load current and 
generates switching signals for the semiconductors 
elements to inject appropriate currents in the 
network.  

The most used structure of PAF is based on 
voltage converter controlled in voltage where the 
energy is stocked in a capacitor installed on dc part 
of the converter (Fig.1). 

There are other methods to control the parallel 
active filter, but this control method will be 
presented in this paper due to their advantages. 
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Fig.1. Parallel active filter 

 
 

2 Modeling of power active filters 
based on synchronous reference 
system theory 
The synchronous reference system method consist in 
conversion between three-phase reference system 
and synchronous reference system using Park 
transformation method, which is used in electrical 
drives systems [1], [7], [18]. 

The synchronous reference system is a two-phase 
and orthogonal system which have an angular speed 
given by the angular frequency of the voltage.  

This method, named Synchronous Reference 
System (SRS), applied to the reactive energy 
compensation and distorting regime didn’t demand 
the instantaneous values of the power [10], [11], 
[12]. 

The orthogonal reference system, will be given 
by the angle θ between axis d and axis α (Fig.2). 

 
Fig.2. Coordinates α-β-0 and d-q-0, axis d 

orientaded with voltage vector. 
 

To develop this method we use the rotating 
matrix ρ(θ), so the Park components are obtained 
tacking into account the α-β-0 components. 
                              ( )[ ] 00 αβθρ xxdq ⋅=                  (1) 

The 0 component given by the homopolar system 
is unchanging due to the rotating transformation.    

The polar projection of the voltage is: 
( ) ( ) βα

δ
αβ δδ jxxjuueuu j +=⋅+⋅=⋅= sincos  (2) 

Where u represent the modulus of the voltage 
vector: 

 βααβ
22 xxuu +==  (3) 

 ( )δα cos⋅= ux  (3.a) 
 ( )δβ sin⋅= ux  (3.b) 

 In d-q coordinate system we obtain: 

 
( )

( ) ( ) qd

jj
dq

jxxjuu
eueuu

+=−⋅+−⋅=

=⋅=⋅= ∂−∂−

θδθδ
αβ

δ

sincos
 (4) 

 ( )θδ −⋅= cosuxd  (4.a) 
 ( )θδ −⋅= sinuxq  (4.b) 

 Where: 
 ( ) ( ) ( ) [ ]θδθδ sinsincoscos ⋅⋅−⋅⋅= uuxd  (5.a) 
 ( ) ( ) ( ) ( )θδθδ sincoscossin ⋅⋅−⋅⋅= uuxq  (5.b) 
 And tacking into account xd and xq

 
: 

( ) ( )θθ βα sincos ⋅+⋅= uuxd  (6.a) 

 ( ) ( )θθ βα sincos ⋅−⋅= uuxq  (7.a) 
 If, in the above equations we consider the 0 
component constant, result:  
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3. SIMULATION OF THE POWER ACTIVE 
FILTER 
We will present the working regime of the 
compensation method based on synchronous 
reference system theory by simulation results. 

The synchronous reference system method is 
developed in time domain and gives the power, 
voltage and current [3], [5], [6], [17]. 

The simulations are made using Matlab-Simulink 
[20] software, which permits simulation for control 
blocks and the power converters in the same time. 

In the PAF simulations the network, the load and 
the converter of the filter are the same, changing 
only the control circuit of the filter in concordance 
with the control method. 
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3.1. Load circuit 
The load used in the simulations consists in a three 
phase rectifier (REDT), permanently connected and 
a single phase rectifier connected to phase R after 0.3 
seconds. 
 
3.1.1. The three-phase load (REDT): 
Consists in a full bridge rectifier with a d.c. R-L load 
and an R-L circuit on a.c. side with 2mH and Q=30, 
like in Fig. 3. 

 The control angle of the rectifier is 300

3.1.2. The single-phase load (REDM): 

 and the 
voltage average value is with THD = 28,78%. 

Consists in a diode bridge with THD = 32,7%, which 
is connected after 0.3 s and an R-L circuit on the a.c. 
side, with 2mH and Q=30. 
 Connecting and disconnecting of the single-phase 
load permit study of the dynamic work of the active 
filter. 

 
Fig.3. Simulation scheme for load circuit 

 
The currents on phase a, b and c, when both 

loads are connected have an THD with: 17,4%, 
23,4% and 23,4%. 
 
 The waveforms for currents and instantaneous 
powers are presented in the following diagrams 
(figures 4-6): 
 

 
Fig.4. Diagram of the phase currents 

 

 
Fig.5. Current harmonics with three-phase load 

 

 
Fig.6. Current harmonics with both loads 
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3.2. The PAF circuit 
The power active filter (PAF) circuit consists in DC 

converter and an element to stock the energy. The 
DC converter is controlled with a high frequency and 
with an algorithm which measures the load current 
and generates switching signals for the 

semiconductors elements to inject appropriate 
currents in the network.  
 In Fig.7. is shown the power active filter circuit 
used for simulation of the control method. 

 

 
Fig.7. The PAF circuit 

 
 The inverter is a PWM one, and the controlled 
method for the inverter uses a PI controller with an 8 
kHz carrier frequency.  
 The PI controller transfer function is: 

( )
Ts

TsK
⋅

⋅+⋅ 1
,where: 10=K , and msT 10=  

 
 
3.3. Compensation methods based 
synchronous reference system theory 
 

There are two methods to determine the 
compensation current, both based on the same 
theory, described in the above section: 

• SRS_Q method, computes the compensation 
current from reactive and homopolar 
components and PAF losses; 
• SRS_P method computes the compensation 

current from active components and PAF losses.  
 The simulation blocks for control methods are 
described in Fig.8 for the SRS_Q method and in 
Fig.9 for the SRS_P method. 

 
Fig.8. Control circuit for SRS_Q method 
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Fig.9. Control circuit for SRS_P method 

 
 The results for simulation in both cases are 
presented in the following diagrams (Fig. 10- 15). 

 
Fig.10. The unfiltered and filtered currents on phase 

“a” (SRS_Q) 

 
Fig.11. Current harmonics with three-phase load 

(SRS_Q) 

 
Fig.12. Current harmonics with both loads (SRS_Q) 

 
Fig.13. The unfiltered and filtered currents on phase 

“a” (SRS_P) 

 
Fig.14. Current harmonics with three-phase load 

(SRS_P) 

 
Fig.15. Current harmonics with both loads (SRS_P) 
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4. CONCLUSIONS 
The paper takes into account the methods for control 
the PAF described in the references [1],[2],[8], and 
modeling the works of the circuits to obtain the 
equations used for simulation. 

There are studied two methods based on 
synchronous reference system theory, one named 
SRS_Q in which the control reference value is 
reactive current component, and the other SRS_P, 
where the control reference value is active current 
component. 

It can be observed that is necessary the coordinate 
reference system changing, the values used for 
computation of the compensation currents can be 
determined from the two-phase system. 

From the simulation result, we can observe: 
• The THD without compensation is 28.78 % in 

case of three-phase load, and 12.61 % in case of 
unbalanced loads, 

• Using the SRS _Q method of control for the 
PAF, the THD falls to 16.01 % for balanced 
load, and 9.83 % for unbalanced loads, 

In case of SRS _P method of control for the PAF, 
the THD is 20.83 % for three-phase load, and 14.03 
% for both loads (three-phase and two phase) 

The result of the simulations for both methods: 
one based on reactive current component (SRS _Q) 
and the others based on active current component 
(SRS _P), are similar, but the second one gives better 
results and  

From the simulation result we can observe that 
the SRS method permits the selective compensation 
of the harmonics and reactive power.  
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