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Abstract – Active power line conditioner has been success-
fully applied in power systems. This paper will present a re-
view in the common used active filters control strategies with 
emphasis in p-q theory, synchronous d-q reference, general-
ized Fryze Current, and p-q-r theory. Simulation results of 
some active filter configurations will be present to show their 
characteristics and performance. 
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I. INTRODUCTION 
 

In the last decades, the use of power electronics devices in-
troduced several nonlinear characteristics in the power system.  
Voltage and current harmonics are some examples of modern 
power quality problems.  On the other hand, problems concern-
ing voltage unbalances and voltage sags, which represent some 
kinds of disturbances at the fundamental frequency, have be-
come also important issues in the modern power system, since it 
has causing losses in consumers with sensitive loads.  Due these 
drawbacks, many efforts have been made in order to improve the 
power quality in distribution systems.  Many power electronics 
circuits for power quality conditioning have been developed, in-
cluding solid-state devices and control strategies.  Active filters 
have been successfully used to compensate current and voltage 
harmonics, unbalances and reactive power, improving power 
quality at the point of installation. 

Some specialists have the opinion that "the best control strat-
egy" is that guarantees compensated currents drained from the 
network, that are proportional (they have the same waveforms) 
to the system voltages.  Under balanced, undistorted system 
voltages, this strategy compensates load current to force the 
compensated current to become sinusoidal and in phase with the 
system voltage.  However, if the voltage is itself already dis-
torted, the compensated currents become the same waveform.  
Other specialists defend the idea that "the best control strategy" 
is that guarantees sinusoidal and balanced compensated currents, 
even in the presence of distorted/unbalanced voltages at the 
PCC.  In same special cases, it might be imperative to have 
compensated currents that draw only a constant active instanta-
neous power from the network that corresponds to the average 
active power of the load being compensated. 

In summary, under distorted and / or unbalanced system 
voltages, it is impossible to implement a shunt active filter that 
satisfies simultaneously: 
i) Constant real power drained from the network; 
ii) Sinusoidal compensated current; 

iii) Proportionality between the system voltage and the 
compensated current. 
In this paper, the focus will be on the control strate-

gies applied in active power line conditioners based on 
time domain techniques, like the pq theory, synchronous 
dq reference, generalized Fryze current and pqr theory.  
The pq Theory proposed by Akagi et al., in 1983 [1] is 
valid for generic voltages and currents waveforms, in-
cluding transient periods [2].  It guarantees sinusoidal 
current and voltage or source constant power, since if 
the voltages are distorted and/or unbalanced it is impos-
sible to satisfy simultaneously sinusoidal current and 
constant power conditions.  It defines the power in 
terms of αβ0-reference frame, with possibility of com-
pensating separately the power p, q, and p0.  In the syn-
chronous d-q reference frame, voltage and current sig-
nals are transformed to a synchronously rotating frame, 
in which fundamental quantities become dc quantities, 
and all harmonics are transformed to non-dc quantities 
and undergo a frequency shift of 60Hz in the spectrum 
[3],[4]. 

In the beginning 30´s, Fryze proposed a set of active 
and reactive power definitions in the time domain.  A 
control strategy, called Generalized Fryze Currents was 
developed and applied in power electronics in the 90´s 
[2],[5], based on minimization methods, where the non-
active current of a three-phase system which does not 
produce any active power is determined to become the 
instantaneous reference value of the compensating cur-
rent of a shunt active filter. 

Finally, the focus will be in the instantaneous power 
compensation based on the Power Theory on the Rotat-
ing pqr Reference Frames [6].  In this theory, one in-
stantaneous active power p, and two instantaneous reac-
tive powers qq, qr are defined. 
 

II. CONTROL STRATEGIES 
 
A. Control strategy based on the p-q theory 

This control strategy is based on the instanta-
neous power definitions in αβ0 reference frame and 
considers harmonics and unbalances due to fundamental 
negative- and zero-sequence components, in voltage and 
currents.  Two control strategies were proposed, consid-
ering constant source instantaneous power and sinusoi-
dal source current [2][7] for the shunt active filter.  In 
the constant instantaneous power, the power p~  is sepa-
rated from p and 0p  from po and to provide optimal 
power flow to the source p~ , po and q should be com-
pensated. 



The sinusoidal source current control strategy is substanti-
ated on the original one proposed by Akagi et al. [1], but using a 
positive-sequence voltage detector.  The control block diagram 
is shown in Fig. 1.  It is able to compensate the current of a non-
linear load, even under unbalanced and/or distorted system volt-
age.  For the source, the current is sinusoidal, balanced and free 
of harmonics.  This control strategy is obtained by replacing the 
low-pass filters (LPF) of the voltage measurements by the sig-
nals from the fundamental positive-sequence detector in the con-
trol block for the constant instantaneous power.  Also, the 50 Hz 
LPF should be removed because the signals va´, vb´ and vc´ con-
tain no zero sequence. In both cases the signal lossp  is produced 
by a dc voltage regulator to keep the dc capacitor charged at a 
desired value. 

 
Fig. 1.  Control block for the sinusoidal Source Current Control 

Strategy 

 
Fig. 2.  Control block for the synchronous reference frame 

B. Control strategy based on the synchronous d-q 
reference frame method 

 
In this control strategy the AF is modeled with 

reference to a synchronously rotating dq0 reference 
axes.  This transformation extracts the negative and zero 
sequence and harmonics present in power supply. [8]. 

In Fig. 2 a shunt active filter is presented.  
Load currents are measured and converted into d-q co-
ordinates as follow [9]: 
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where ω is the power supply frequency from an PLL.  
The current components id and iq are decomposed as: 
 

ddd iii ~+=  and qqq iii ~+=  
 
where di and qi are the positive-sequence component 

and di
~  and qi

~  correspond to the negative-sequence and 
harmonic components of load current.  The reference 
currents will depend on what kind of application pur-
pose the shunt active filter will be used.  For example, if 
negative-sequence and current harmonics is to be com-
pensated, di

~  and qi
~  should be the compensating current 

reference.  If just reactive power has to be compensated, 
the current references are built up from 0* =di and 

qq ii =* . 
Other controllers for hybrid passive and active 

filters are developed based on d-q synchronous refer-
ence frame.  An example is presented described in [3]. 

 
 
C. Sinusoidal Fryze Currents Control Strategy 
 
 Another control strategy for active filters, de-
rived from Generalized Fryze Currents is called Sinu-
soidal Fryze Currents Control Strategy [5].  Instead of 
using the measured voltages, the fundamental positive-
sequence voltage is used.  Now, it is possible to obtain 
sinusoidal and balanced compensated currents, when 
applied in shunt active power filters, even under unbal-
anced or distorted system voltages.  The dual method 
can be applied in series active filters. 

Fig 3 shows the Generalized Fryze Currents 
Control Strategy.  The instantaneous active currents 
(minimized) can be calculated from the instantaneous 
conductance.  This conductance, defined as: 
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establishes the relationship between the phase voltages 
va, vb, vc and the active currents which produces the 



same instantaneous active three-phase power, but generate no 
reactive power, hence, they have smaller rms values.  Those cur-
rents are subtracted from the measured load currents and the 
compensation current is achieved. 

 
Fig 3.  Control block for Generalized Fryze Currents Control Strategy 

 
D. Control strategy based on the p-q-r theory 
 

The instantaneous power theory on the rotating p-q-r 
was proposed by H. Kim and H. Akagi [6], where was defined 
one instantaneous active power p and two instantaneous reactive 
power qq and qr in three-phase four-wire system.  The geometri-
cal sum of all the instantaneous powers p, qq, and qr is the same 
when compared with the power s, which is the product of the 
current and voltage space vectors. 

Again, the voltages and currents are transformed to the 
αβ0 coordinates.  The p-q-r coordinates are rotating along with 
system voltage, as defined in [6]: 
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Similarly, this transformation is valid for the voltages.  The in-
stantaneous real power p is defined as a scalar product of the 
voltage and current vectors, 

pppqrpqr ieiep =≡
rr .   (2) 

and the instantaneous imaginary power q as a vector 
product of the voltage and current vectors: 
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Thus, they can be expressed as: 
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In three-phase systems, the voltages and cur-

rents in p-q-r coordinates can be described by Fourier´s 
series, containing two parts: a dc value representing bal-
anced sinusoidal positive sequence, and an ac compo-
nent.  In consequence, the instantaneous power p and qr 
also have the same two components.  According to [10], 
the compensating currents can be calculated as 

pacpc ii =            (5) 

qqc ii =  or qdci  or qaci                           (6) 
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The instantaneous imaginary power qq is related to 
compensation of the neutral current (Eq. 7). 
Fig 5 shows the control block diagram for the p-q-r con-
trol strategy. 

 
Fig 4 . Control block for instantaneous power compensation in 

the p-q-r theory. 



E. Other control strategies 
 

There are several control strategies in the literature. 
This paper is focused on the compensation in the time-domain, 
but there are control strategies based in the frequency domain. 
The Fourier analysis is used to extract compensating signal from 
the distorted voltage or current signals.  The on-line application 
of Fourier transform has a significant computer effort, resulting 
in a large response time [4]. 

Wavelet transform has been used as a control algorithm 
for active filters, extracting the distortion features [11].  Artifi-
cial Neural Networks are also used for harmonic currents and 
voltages compensation [12].  A neural network control circuit 
was developed to generate reference signals to PWM inverters. 

 
III. SIMULATION RESULTS 

 
In this section, some simulation results will be pre-

sented to show the different control strategies performances for 
the shunt and series active filters.  Both filters were implemented 
in PSCAD/EMTDC simulator.  For the shunt filter a unbalanced 
(fd = 4,8%) and distorted  three-phase, 220V voltage source was 
used, with 7,87% of 7th harmonic.  The system impedance was R 
= 0,107 Ω and Ls = 20mH.  A three-phase diode rectifier was 
used as non-linear load, with RDC=100Ω.  In the active filter, a 
capacitor is used as storage element with 1200µF, and its voltage 
is set to 700V and the commutation inductance was 5mH. 

Fig. 5 shows the unbalanced and distorted system voltages.  
The load's current effect also can be observed.The currents be-
havior for the pq theory, the synchronous d-q reference frame 
method and sinusoidal Fryze currents control strategy is shown 
in figures 6, 7 and 8. 
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Fig 5.  Source voltages 
 
 

 
                        

          
 
 
  
 
 
 

Fig 6. Source currents in pq theory. 
 

 
 
 
 
 
 

 
 
 

Fig 7. Source currents in the synchronous d-q reference 
frame method 

 
 
 
 
 
 
 
 
 

Fig 8. Source currents in the sinusoidal Fryze currents 
control strategy 

 
The results for all control strategies were very 

similar, where the compensated currents become sinu-
soidal and balanced, considering the three-phase three-
wire system. 

For the series filter a unbalanced (fd = 3%) and 
distorted three-phase, 440V voltage source was used, 
with 5% of 5th harmonic.  The system impedance was R 
= 0,128 Ω and Ls = 3,5mH.  A three-phase diode recti-
fier was used as non-linear load, with IDC=18,2A.  In the 
active filter, a capacitor is used as storage element with 
1200µF, and its voltage is set to 600V and the commu-
tation inductance was 1,5mH.  Results for the pq theory 
and Fryze voltages control strategy are show in figures 
9 and 10. 

 
 
 
 
 
 
 
 
 
 
 

 
Fig 9. Load voltages in pq theory. 

 
 
 
 
 
 
 

 
 

Fig 10. Load voltages in Fryze voltages control strategy 
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IV. CONCLUSION 
 

In this paper, a literature review on the principal control 
strategies for active power line conditioners in the time domain 
was carried out.  A selective compensation is possible with re-
duced time delay using time domain control obtaining satisfac-
tory results. 

All strategies can obtain balanced and sinusoidal currents 
even under distorted and unbalanced system voltages.  In this 
case, no strategy will obtain simultaneously constant active 
power in the source and sinusoidal currents.  An advantage of 
the Sinusoidal Frize Currents Control Strategy is the reduced 
computational efforts when compared with pq theory. 

Simulations results are shown for the series and shunt active 
power filters, separately.  But both filters can be combined, 
originating the UPQC – The Unified Power Quality Conditioner 
[13], adopting the control strategies discussed. 
 

VI. REFERENCES 
 

[1] H. Akagi, Y. Kanazawa and A. Nabae, “ Generalized 
Theory of the Instantaneous Reactive Power in Three-Phase Cir-
cuits”, in Proc. IPEC-Tokyo´83 Int. Conf. Power Electronics, pp 
1375-1386, Tokyo, 1983. 
[2] M. Aredes, “ Active Power Line Conditioners,” Dr.-Ing 
Thesis, Technische Universität Berlin, Berlin, March 1996. 
[3] S. Bhattacharya, D. Divan, “ Synchronous Frame Based 
Controller Implementation for a Hybrid Series Active Filter Sys-
tem”, IEEE-IAS Conf. Record, 1995, pp2531-2540. 
[4] B. Singh, K. Al-Haddad, A. Chandra, “A Review of 
Active Filters for Power Quality Improvement”, IEEE Trans. On 
Industrial Electronics, Vol. 46, No 5, Oct 1999, pp 960-971. 
[5] L. F. C. Monteiro, M. Aredes,” A Comparative Analy-
sis Among Different Control Strategies for Shunt Active Filter”, 
in Proc. V Induscon, paper 074, Salvador, Brazil, 2002. 

[6] H. Kim, H. Akagi, “The Instantaneous Power 
Theory on the Rotating p-q-r Reference Frames”, IEEE 
1999 International Conf. On Power Electronics and 
Drive Systems, PEDS´99, July 1999, pp422-427, Hong 
Kong. 
[7] M. Aredes, J. Häfner, K. Heumann, ”Three-
Phase Four-Wire Shunt Active Filter Control Strate-
gies,” IEEE Trans. On Power Electronics, vo. 12, no. 2, 
pp311-318, March 1997. 
[8] M. Vilathgamuwa, Y.H. Zhang, S. S. Choi,” 
Modelling, analysis and Control of Unified Power Qual-
ity conditioner”, IEEE-PASs Conf. Rec. .8thIntern. Conf. 
on and Quality of Powe, ICHQP´98,1998  pp1035-
1040, Athens, Greece. 
[9] M. Takeda, K. Ikeda, A. Teramoto and T. 
Aritsuka,” Harmonic Current and Reactive Power Com-
pensation with an Active Filter”, Conf. Rec. IEEE-
PESC´88, pp1174-1179, 1988. 
[10] H. Kim, F. Blaabjerg, B. Bak-Jensen, J. Choi, “ 
Instantaneous Power Compensation in Three-Phase Sys-
tems by Using p-q-r Theory”, IEEE Trans. on Pow-
erElectronics, vol. 17, no 5, september 2002, pp. 701-
710. 
[11] A. Elnady, A. Goauda, M. M. 
A.Salama,”Unified Power Quality Conditioner with a 
Novel Control Algotithm Based on Wavelet Trans-
form”, Electrical and Computer Engineering, 2001. 
Canadian Conference on , Volume:2,2001pp.: 1041 -
1045 vol.2 
[12] L. H. Tey, P. L. So, Y. C. Chu, “Neural Net-
work-Controlled Unified Power Quality Conditioner for 
System Harmonics Compensation” Transmission and 
Distribution Conference and Exhibition 2002: Asia Pa-
cific. IEEE/PES,Volume2,2002 pp. 1038 –1043 
[13] H. Fugita, H. Akagi, “The Unified Power Qual-
ity Conditioner: The Integration of Series- and Shunt-
Active Filters” IEEE Trans. On Power Electronics, vo. 
13, no. 2, pp315-322, March 1998 

 


	pagea9891: 990
	pagea9901: 991
	pagea9911: 992
	pagea9921: 993
	pagea9931: 994


