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Abstract. A control algorithm is proposed for a three-phase 
hybrid power filter constituted by a series active filter and a 
passive filter connected in parallel with the load. It is based on 
the dual formulation of the vectorial theory of instantaneous 
reactive power, so that the voltage waveform injected by the 
active filter is able to compensate the reactive power and the 
harmonics of the load current. System state model was obtained 
and the system behaviour was analyzed by the state equations 
for each situation. The analysis developed has allowed the 
knowledge of the system dynamic behaviour and the stability 
margins. An experimental prototype has been developed, and 
simulation and experimental results are presented. 
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1. Introduction 
 
The active power filters (APFs) have been used in the last 
years to eliminate the harmonic distortion in electrical 
systems. An APF is a static compensation system based 
on an electronic converter with a Pulse Width 
Modulation (PWM) control. It may be connected in 
parallel or in series to the load. The shunt APF is 
connected in parallel to the load and it works as a 
controlled current source. These equipments allow the 
elimination of the current harmonic originated by the 
called current harmonic source loads [1,2]. It is the most 
studied configuration. 
To eliminate current harmonics a shunt passive filter 
have traditionally been used, mainly due to their low cost 
and minimal maintenance requirements. As a result, this 
has been the adopted solution for systems with 
considerable power. It is possible to improve the 
behaviour of shunt passive filters including a series active 
filter in the system. This improves the compensation 
characteristics of the passive filter, [3]. This topology is 

shown in figure 1, where vc is the voltage that the active 
power filter should generate to achieve the objective of 
proposed control algorithm. 
Different strategies have been applied to this topology, 
according to the compensation target [4,7]. This work is 
focused on the analysis of a control strategy based on the 
dual formulation of the vectorial theory of electrical 
power, [8,9]. The voltage waveform injected by the 
active filter is able to compensate the reactive power and 
the harmonics of the load current. A state model of the 
system has been developed. This analysis has allowed the 
knowledge of the system dynamic. The system behaviour 
has been contrasted by means of a laboratory prototype 
and experimental results have been presented.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2. Compensation Strategy and state 

equations 
 
Electrical companies try to generate electrical power with 
sinusoidal and balanced voltages and it has been 
considered as a reference condition in the supply. Due to 
this fact, the compensation target is based on an ideal 

Fig. 1. Scheme of a hybrid filter, series active filter and 
shunt passive filter 
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reference load which must be resistive and linear. It 
means that the source currents are collinear to the supply 
voltages, and the system will have unity power factor. 
This is 
 iv eR=  (1) 
 
Where Re is the equivalent resistance, v the voltage vector 
on the connection point and i the load current vector.  
The reference signal for the output voltage of the active 
filter is 

 LLPCC
*
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Here, I1

2 is the square rms value of the fundamental 
component, i is the source current vector, PL is the load 
average power and PL is the load average power. 
When the active filter supplies the compensation voltage, 
the set load and compensation equipment will behave as 
a resistor with a Re. 
An equivalent single-phase model of the circuit shown in 
figure 1 is used to analyze, the system behaviour. The 
state equations were obtained. The bode diagram of these 
equations allows the analysis for different situations and 
inputs. The state equation also let the analysis of poles 
and zeros to study the system stability. 
An experimental prototype was developed. This allows 
verification of the developed theoretical analysis. Table I 
summarizes some measures for a phase. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.  Conclusion 
 
A control algorithm for a hybrid power filter constituted 
by a series active filter and a passive filter connected in 
parallel with the load is proposed. The control strategy is 
based on the dual vectorial theory of electric power.  
System state model has been obtained and the system 
behaviour has been analyzed from the state equations for 
each situation. The analysis developed has allowed the 
knowledge of the system dynamic behaviour and the 
stability margins in each situation. This allowed an 
experimental prototype to be developed.  

The new control approach achieves the following targets: 
- The hybrid filter and load set are behaviour resistive. 
This fact eliminates the risk of overload due to the 
current harmonics of non-linear loads close to the 
compensated system. 
- Series and/or parallel resonances with the rest of the 
system are avoided because compensation equipment and 
load are resistive behaviour. 
- The active filter improves the harmonic compensation 
features of the passive filter and compensates the reactive 
power, achieving unit power factor. 
Experimental and simulation results are presented. This 
allows verification of the developed theoretical analysis. 
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TABLE I. Experimental results, phase a 
 

 Without 
compensating 

With passive 
filter 

With active 
and passive 

filter 
 V I V I V I 
THD % 8.7 26.8 7.4 31.5 1.3 2.7 
RMS(A) 97.4 5.9 99.3 5.9 98.6 5.5 
Fund.(A) 97 5.7 99 5.6 98.6 5.5 
H3 (A) 4.2 1.2 5.7 1.7 0.5 0.1 
H5 (A) 3.8 0.7 2 0.4 0.1 0 
H7 (A) 3.4 0.5 0.8 0.1 0.1 0 
H9 (A) 3 0.3 1.6 0.9 0.1 0 
P(kW) 0.54 0.56 0.55 
Q(kvar) 0.17(i) 0.03(c) 0.00 
S(kVA) 0.56 0.56 0.55 
PF 0.91 0.94 1 


