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The paper describes a method for frequency selective control of parallel active 
filters that are applied for compensation of the current harmonic distortions and the 
displacement power factor in symmetrical three-phase systems with a known har-
monic spectrum. For simulation, an active filter for harmonic current compensation of 
a three-phase full-bridge diode rectifier was used. Comparative analysis has shown a 
good agreement between the results obtained experimentally and by simulation 

 

1. INTRODUCTION 

Power electronic converters widely spread in the industrial and household 
equipment nowadays often draw explicitly non-sinusoidal current from the utility 
grid, which in some cases can distort the supply voltage waveform. In order to 
protect the utility grid and to provide safe operation of individual consumers, 
several standards (such as IEC 555-2, IEEE STD 519, IEC 100-3-2, EN50160, etc.) 
have been established for the manufacturers of electrical equipment and individual 
nonlinear consumers in many countries of the world. These standards define 
limitations to harmonic current drawn from the grid and to its impact on the supply 
voltage waveform depending on the ratio between the power of a nonlinear con-
sumer and that supplied at the point of common coupling (PCC). Traditionally, 
passive LC filters have been used to suppress the supply voltage harmonics, being 
a relatively simple and cost-effective solution. However, passive filters are known 
to cause unwanted resonances in the utility grid and their performance is dependent 
on the voltage source impedance at the PCC [1].  

The improvement of electrical energy transmission efficiency has also long 
been realized using passive power factor compensators containing capacitors or 
inductors. Such approach has turned out to be sufficiently effective, provided that 
the load can be regarded as a linear circuit drawing sinusoidal current at sinusoidal 
grid voltage. In the case of nonlinear loads, the application of passive capacitive 
power factor compensators can be problematic, since their reactance is decreased 
for higher voltage harmonic components. 

As an alternative to passive filters and power factor compensators, active 
power filters have been widely studied since their basic compensation principle 
was introduced in 1971 by Sasaki and Machida [2]. Many active filter topologies 
have been proposed ever since, parallel active filter being one of the most popular 
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due to its robustness and good performance. The parallel active power filter is 
connected in parallel with the nonlinear load and, in fact, acts as a controlled non-
sinusoidal current source (Fig. 1a). The power circuit of the filter typically consists 
of a voltage source inverter with a pulse width modulation (PWM) current control 
loop and inductor lf, which, in combination with a DC-link capacitor C, performs 
the voltage boost operation. The inductor lf, also acts as a low-pass filter for the 
injected current if,abc [3]. The filter current if,abc is formed so as to obtain sinusoidal 
supply current it when summing with load current isl,abc.  

The task of the control system of the parallel active filter is to control the 
filter current in order to generate the selected compensating current, and to regulate 
the DC link voltage in order to keep it constant and higher than the amplitude of 
the network line voltage. The performance of the active filter as a controlled 
current source greatly depends on the operation speed and precision of the current 
regulator implemented in the control system.  

The development of PWM current regulators for three-phase voltage source 
inverters is a widely studied topic, since this configuration forms the basis for most 
of the direct torque control systems of AC drives [4]. However, unlike in the case 
of current regulators of AC drives, the shape of the current reference signal in 
parallel active filters is far from sinusoidal, and it is a complex task to obtain a zero 
stationary error at comparatively high values of the current increment speed. 

2. SELECTIVE FREQUENCY CONTROL  
OF THE PARALLEL ACTIVE FILTER CURRENT 

If the harmonic spectrum of the non-linear load current to be compensated is 
well known, frequency selective control algorithms can be implemented in the 
control system of a parallel active filter. Such control algorithms are characterised 
by a modular structure containing several separate current regulators for each har-
monic to be compensated. Frequency selective current regulators offer good static 
and dynamic performance, even though such approach requires more complex 
control computations [5–10]. 

The three-phase three-wire circuit of the investigated parallel active filter is 
demonstrated in Fig. 1. Its general configuration is shown in Fig. 1a, and the 
control system measuring three-phase load current, three-phase active filter current, 
line voltages at the PCC and the DC link voltage of the filter – in Fig. 1b. The 
control system consists of two control loops – of DC link voltage and of filter 
current. 

The DC link voltage control loop is comparatively slow. It contains a 
standard PI regulator, whose input signal is the error of DC link voltage regulation, 
while its output signal id,1 is supplied to the filter current reference generator 
(Fig. 2.), where it contributes to the mean value of filter current id in the syn-
chronous dq (Park’s) reference frame; this latter, in accordance with the so-called 
p–q instantaneous power theory [11], determines the flow of active power in the 
system. The task of this control loop is to keep the DC link voltage constant (in an 
acceptable approximation) and equal to the given reference value compensating 
active losses of the filter power converter and maintaining a suitable level of the 
DC voltage. 

 4



 
Fig. 1. The parallel active filter system:  

a) general configuration, b) block diagram of the control set. 

 
Fig. 2. Block diagram of the current reference generator  

for the active filter. 

The control loop of filter current is a high-speed system containing a novel 
frequency selective regulator of the filter current with multiple resonance filter 
regulators (RFR) in the synchronous reference frame.  

The reference of the current control loop is a signal that corresponds to the 
higher harmonic content of the load current to be compensated, containing also the 
fundamental components for the control of filter’s DC voltage and compensation of 
the displacement power factor of the load, if required. The reference signal is 
calculated from the load current isl,abc measurements, filtering out the high 
frequency components in the synchronous reference frame, which, according to the 
p–q theory, corresponds to the separation of higher harmonics of the current. The 
scheme of current reference extraction is given in Fig. 2. 

Current isl,αβ  in the stationary reference frame is found with the help of 
Clark’s coordinate transformation. The synchronous dq reference frame is obtained 
applying the coordinate transformation for the current vector given as  
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αβDii =dq , (1) 

where  dqi  is the current vector in the synchronous reference frame,  
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In [5] and [9] a frequency selective current regulator is proposed that applie
a separate integrator for each dominant harmonic of the load current. The in-
tegrators are implemented in synchronous reference frames rotating at the 
frequency and in the direction of the corresponding harmonic. In order to avoid the 
necessity for multiple coordinate transformations of the reference system, the 
authors of [10] propose to implement several RFRs, each tuned to a particular 
harmonic to be compensated in a stationary (Clark’s) reference frame. 

In this paper, a frequency selective current regulator is proposed which 
consists of one RFR in the stationary reference frame intended for regulation of the 
fundamental filter current component, and four RFRs tuned to the dominant filter 
current harmonic components in synchronous reference system aligned with the 
voltage vector at PCC. Application of RFRs in the frequency selective current 
regulator has several advantages:  
1) RFR provides a zero steady-state error for the sinusoidal input signal (for the 

selected harmonic) at resonance frequency ω0; 
2) since RFR operates as a resonance filter, it is possible to use several parallel 

RFRs to control several sinusoidal signals of different frequencies; 
3) RFR can be applied for the signals of positive and negative sequences. 

The load current harmonics to be compensated in the investigated system as 
well as their order and the phase sequence in the stationary and synchronous refe-
rence frames are listed in Table 1. 

The advantage of the developed current regulator over the regulators de-
scribed in [5], [9, 10] is the fact that in a synchronous reference frame rotating at 
the fundamental frequency ω1 one RFR tuned to frequency 6kω1 makes it possible 
to control two higher harmonics w
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Table 1 
Current harmonics for a three-phase bridge rectifier with inductive load  

Order of the load current 
harmonics in Clark’s 

reference frame 

Phase sequence in 
respect to the voltage 

phase sequence at PCC 

Order of the harmonics of load current 
and phase sequence in Park’s  

reference frame 

1 Positive 0 
5 Negative 6, Negative 
7 Positive 6, Positive 
11 Negative 12, Negative 
13 Positive 12, Positive 
17 Negative 18, N ative eg
19 Positive 18, Positive 
23 Negative 24,  Negative
25 Positive 24, Positive 

 
The block diagram of the proposed frequency selective current regulator is 

shown in Fig. if in the  
is supplied t n RFR with a prop gain in the stationary reference frame to 
control the f amental compone In order to control  harmonics 
of the filter current, the control error ε is transferred into the synchronous 
refere

 3. The control error 
o a

εf,αβ  of filter current 
ortional 

αβ reference frame

und nt of if.  the higher
f,αβ 

nce frame rotating with the frequency of fundamental harmonic ω1, and 
supplied to four RFRs tuned to the frequencies of the dominant higher harmonics 
of the non-linear load current in the synchronous reference frame: ω0 = 6ω1, 12ω1, 
18ω1 and 24ω1 (Table 1). The outputs of these four RFRs are summed and 
transferred back into the stationary reference frame, and, summing with the output 
of the fundamental RFR, inverter’s voltage reference uf,αβ*  is obtained in the αβ 
reference frame. Before being supplied to a PWM modulator which generates 
control signals for the inverter switches, the voltage reference uf,αβ* is transformed 
into a three-phase abc reference frame using the inverse Clark transformation.  

 

1
2 2

1

2 ik s
s ω
⋅ ⋅
+

6
2 2

6

2 ik s
s
⋅

ω
⋅

+

12
2 2

12

2 ik s
s
⋅

ω
⋅

+

18
2 2

18

2 ik s
s
⋅

ω
⋅

+

24
2 2

24

2 ik s
s
⋅

ω
⋅

+
 

Fig. 3. The designed frequency selective regulator of filter current with RFRs  
in the synchronous reference frame. 
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Fig. 4. PLL for finding position θ of the supply voltage vector  

The voltage vector position at PCC, putation of all syn-
chronous reference frame transformations implemented in the current control loop) 
is found from measurements of the line voltages at PCC implementing a phase 
locked loop (PLL) system shown in Fig. 4. Here again, an RFR for voltage signal 
filtering in the αβ reference frame is used to obtain a smooth signal corresponding 
to the fundamental component of the PCC voltage vector. Inaccuracy in the deter-
mination of supply voltage position θ would negatively influence the operation of 
the whole control system.  

Taking into account that states x1 and x2 of the RFR regulator in the 
stationary mode are sinusoidal and mutually shifted by 90o, it is possible to apply a 
resonance filter only for the α-component of the voltage vector, finding the β- 
component from the state x2 with its sign (which depends on the voltage phase 
sequence) deter h provides that 
the component of voltage vector ous dq reference frame is zero 
in the 

code for simulation in MATLAB/SIMULINK environ-
ment 

e 
PLL starts its operation. The time delay is needed for the PLL to start the operation 
at fully stabilized supply current and voltage using the same control algorithm in 

with resonance filter. 

θ, (needed for com

mined before. The PLL contains a PI regulator whic
 uq in the synchron

stationary mode, thus precisely defining the position of the voltage vector.  

3. SIMULATION AND EXPERIMENTAL RESULTS  

In order to investigate the developed control method, a computer model of 
the parallel active filter system in MATLAB/SIMULINK environment has been 
elaborated. The control algorithm is realized with the help of C language system 
function. The use of C language algorithm in SIMULINK environment allows 
applying the same control 

as well as for experimental investigations using the Dspace® platform; being 
transferred to a fixed point format, it could be applied for the industrial parallel 
active filter control with a DSP processor.  

The control system’s operation in the whole simulation time (t = 0–0,6 s) is 
shown in Fig. 5. At t1 = 50 ms a soft-start loading resistance of the active filter 
capacitor is by-passed. At t2 = 80 ms the execution of the control algorithm starts – 
the phase sequence of supply voltage is detected and, after eight mains cycles, th
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the experiment ms; Ts = 
= 100 
citor 

al prototype. After three more mains cycles (600⋅Ts = 60 
μs) the PLL operation is stabilized and the PWM control loading the capa-
up to its reference voltage (udc

* = 730 V) is actuated. At t3 = 400 ms the 
compensation of the current harmonic distortion is started.  
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Fig. 5. Operation of the control system during the whole simulation time: the reference udc

* and  
actual udc values of DC link voltage; supply current of one phase it, components ud and uq  

of the supply voltage vector in the synchronous reference frame and its phase relative  
to the stationary reference frame teta. 

The PLL with RFR performs the filtering function rejecting disturbances in 
the supply voltage. It should be mentioned that in the model of the supply voltage 
the 5-th (2%) and the 7-th (1.1%) harmonics are introduced. 

The current regulator operation in a stationary mode is demonstrated in 
Fig. 6. From the simulation results it is obvious that the developed regulator 
follows well the reference signal – the highest regulating error appears at a high 
reference signal increment that corresponds to higher compensated harmonics, 
where the time delay caused by the discretization time step has a greater negative 
influence.  

The simulated currents of the active filter system for one phase in the 
stationary mode are illustrated in Fig. 7. The figure shows that the harmonic 
dis
als
calculated from the simulation results (THD = 2.5%).  

tortion of the load current is well compensated by the active filter – it is eviden
o from the total harmonic distortion (THD) factor of the supply current 

t 
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Fig. 6. Operation of the developed current regulator in the steady-state mode:  

current reference if alfa
*  and actual if alfa values, control error ealfa (α-axis);  

current reference if beta
*, and actual if beta values, control error ebeta (β-axis). 
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To evaluate the performance of the developed frequency selective current 
regulator, experiments have been carried out using a 30 kVA three-phase three-wi-
re parallel active power filter system prototype located at Turin Technical Univer-
sity. In the control system’s setup a Dspace® prototyping platform was applied, 
which allowed real time investigation of the control algorithms to be realized in 
MATLAB/SIMULINK environment. The parallel active filter setup applied in the 
experiments corresponds to the block diagram in Fig. 1a. 

The main parameters of the experimental setup are summed up in Table 2. 
 

Table 2                
                   Parameters of the modified experimental prototype  
                   of the active filter system 

The RMS value of the line voltage, V  380 
The RMS value of the phase load current, A 62  

DC link voltage of the active filter, V  730 
Inductance of the input inductor of the active filter, μH 220 
Inductance of the input inductor of the rectifier, μH 280 
Inductance of the output inductor of the rectifier, mH 15 
Switching frequency of the inverter, kHz 10 

 
The experimental one-phase current waveforms of the parallel active filter 

system in the stationary mode with the developed control method are demonstrated 
in Fig. 8. It is evident that the control algorithm can provide an effective 
compe e 
experimental results obtained for the parallel active filter system are in a good 
agreement with the simulation results, which lends credence to the 

ms of currents and THD 
nd in experiments coincide within the error range 

of 3–4%.  
 

nsation of the harmonic distortion of the load current (THDi = 2.7%). Th

quality of the 
proposed computer model of the system. The diagra
factors obtained by simulation a

 
                   Fig. 8. Supply and load currents of phase A. 
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4. CONCLUSIONS 

 noA vel method for frequency selective control of a parallel active filter has 
been developed and tested. The performance of the control method was verified by 
computer simulation in MATLAB/SIMULINK environment and by experiments 
using a 30kVA laboratory prototype of the parallel active filter. The estimated total 
harmonic distortion factor of the supply current is  ~2.6%, which meets the 
requirements of the IEEE STD 519 standard for high-power equipment that regu-
lates the THD factor of the consumed current (THD≤ 5%). As a result of active 
filtering, the harmonic distortion factor of the supply current was reduced more 
than 10 times as compared with that of the non-linear load current without filtering 
(THD ≈ 27%). 

An essential advantage of the developed approach is a reduced complexity of 
the control algorithm, which is of high importance for the industrial production of 
parallel active filter control systems since it allows the microprocessor resources to 
be freed for other tasks.  

The high quality of the elaborated computer model of the parallel active 
filter system has been proved by close correspondence of the simulation and 
experimental results. The obtained di y current THD coincide 
within the discrepancy limits of

n

tro

., Briozzo, C., & Watanabe, E. H. (2002.) Control Strategy of 
Se

8. Matavelli, P. (2001). A Closed-Loop Selective Harmonic Compensation for Active 
Filters. IEEE Transactions on Ind , 37 (1), 81–89. 

agrams and suppl
 3–4%.  
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PARALĒLĀ AKTĪVĀ FILTRA FREKVENCES SELEKTĪVĀ VADĪBA  

AR REZONANSES FILTRU REGULATORIEM 

O. Krievs, L. Ribickis 

K o p s a v i l k u m

Rakstā ir piedāvāta frekvences selektīva vadības metode paralēlā aktīvā filtra 
pielietošanai simetrisku trīsfāžu
tīvās jaudas kompensēšanai ar zināmu strāvas augstāko harmonisko komponenšu 
sadalījumu. Doti izstrādātās vadības metodes datormodelēšanas un 
pētījumu rezultāti, aktīvajam filtram kompensējot trīsfāžu tilta nevadāmā taisn-
grieža ieejas strāvas augstākās harmoniskās komponentes. 
08.02.2009. 
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