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Abstract   This paper presents a new control method for simultaneous compensation of 
instantaneous reactive power and current harmonics by parallel active filters (PAFs). Reference 
compensating currents of PAF are calculated using the subtraction of instantaneous power from its 
average value. In this way, it is possible omitting high/low pass filter(s) from the control circuit of 
PAF, which usually results in phase shift and magnitude change of alternating components of 
instantaneous power. It is possible regulating the DC side voltage of PAF using a closed loop control 
circuit, easily. The presented method is compared with the classical p-q theory method through 
simulation results. A simple model for controlling the switches of power electronic converters is 
offered that is usable in PSCAD/EMTDC simulation package. Experimental results verify the validity 
of presented control strategy in generating of reference compensation currents.  
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ريان و  هارمونيكهاي ج ،   ايدر اين مقاله يك روش جديد براي جبران همزمان قدرت راكتيو لحظه                 چكيدهچكيدهچكيدهچكيده
 ساز فيلتر اكتيو موازي را با استفاده از         مرجع جبران  ياين روش جريان ها   . نامتعادلي جريان بار ارائه شده است     

با استفاده از اين روش نيازي به بكارگيري . تفاضل توان لحظه اي و مقدار متوسط توان لحظه اي محاسبه مي نمايد   
فيلترهاي پائين و يا بالا گذر كه عموما منجر به ايجاد شيفت فاز و تغيير دامنة هارمونيكهاي عبوري از اين                          

 فيلتر اكتيو موازي با استفاده      DCبا استفاده از روش ارائه شده، امكان تنظيم ولتاژ طرف           . شوند نيست  فيلترها مي 
سازي با   كاركرد روش ارائه شده با استفاده از نتايج شبيه         . گردد ر كنترل حلقه بسته بسادگي ميسر مي       از يك مدا  

همچنين با استفاده از نتايج آزمايشگاهي كارآيي قابل توجه اين           . اي مقايسه شده است    تئوري توان راكتيو لحظه   
 .عادلي جريان بار ثابت شده استسازي همزمان قدرت راكتيو، هارمونيكهاي جريان و نامت روش در جبران

INTRODUCTION 

Active filters, since their presentation and practical 
utilization in 1971 and 1976, respectively have 
been the most suitable systems in power quality 
related subjects [1,2]. The compensation strategy 
of these systems has the most important effect on 
their operation. There are different compensation 
strategies, which are usable in active filters, but it 
seems that the instantaneous reactive power theory 
(p-q theory) is the most popular one among them 
[3, 4]. This theory may be used in generation of 
reference compensating currents of parallel active 
filters (PAFs) for compensation of instantaneous 

reactive power, successfully. This theory does not 
guarantee the generation of sinusoidal reference 
currents in the utility when a non-linear load is 
connected to the utility. 
     Simultaneous compensation of reactive power 
and current harmonics of non-linear loads has 
attracted a great deal of attention for the last few 
years [5,6]. This paper introduces a new strategy 
that is based on using subtraction of instantaneous 
active power and its average instead of high/low 
pass filter to extract the undesired terms of 
instantaneous active power. This strategy 
compensates for instantaneous reactive power and 
harmonics of non-linear loads and generates 
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sinusoidal reference currents in the utility side 
those are in-phase with utility voltages too. Using 
this strategy makes it possible to regulate the 
voltage of DC side capacitor in a very simple 
manner by a closed loop control system too. The 
paper defines the term p*(t), explains the control 
strategy, presents some of selected simulation 
results, compares the results with classic p-q theory 
and verify the validity of presented control method 
using experimental results. A moving average 
calculation method is replaced with the integration 
of instantaneous power to compute of its average 
in experiment. 

DEFINITION OF p*(t) AND ITS 
APPLICATION 

According to the p-q theory, the three phase 
voltages and currents transforms from abc coordinates 
to αβ  coordinates using the Equation 1 and 
Equation 2. 
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     This theory has defined the conventional 
instantaneous active power, i.e. p(t) in the αβ  
coordinates as follows: 
p(t) = eα(t) iα(t) + eβ(t) iβ(t) (3) 

     On the other hand, from physical point of view 
the active power that the load dissipates from its 
connection instant to the utility (i.e. t0) to an 
arbitrary time t, may be defined as follows: 

pa(t) = ∫∫∫∫−−−−

t

t
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tt
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)(1
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     Using Equation 3 and setting t0 equal with zero 
in Equation 4 results in the following equation: 

pa(t) = dttitetite
t
1 t

0
a ])()()()([∫ ββα +  (5) 

     This equation makes it possible to compute the 
average of instantaneous active power from zero to 
a desired time, instantaneously. The pa(t) is the 

desired term of instantaneous active power. This 
equation is a general case of classical definition of 
active power in alternating voltage and current case. 
Equation 6 is the definition of classical active 
power in this case. 

P = ∫∫∫∫
T

dttp
T 0

)(1
 (6) 

     Where, P is the conventional active power and 
T is the period of instantaneous active power. 
Comparing Equation 6 with Equation 4 shows that 
this equation is an especial case of Equation 4 with 
t0 = 0 and t = T. In other words, in alternating 
voltage and current case, active power means 
averaging of pa(t) over its period, T.  
     Subtraction of pa(t) from p(t) results in the 
instantaneous compensation power that parallel 
active filter (PAF) should deliver to the utility. The 
following equation shows this subject: 

p*(t) = p(t) � pa(t) (7) 
     Providing p*(t) by PAF, results in supplying 
only the pa(t) by utility. Using Equations (3), (5) 
and (7) show that it is possible to compute p*(t) by 
some multipliers and operational amplifiers, easily. 
In this method, it is not necessary using high/low 
pass filter to extract the undesired terms of p(t) [7]. 
In this way, neither phase shift nor amplitude 
change occurs on alternating terms of p(t). Indeed, 
using these filters, which is a usual case, is 
replaced with an integrator (see Equation 6).  
     The reference compensating currents of PAF 
results from modifying the well-known formula of 
p-q theory. It is enough to replacing the zero that is 
used in the classical p-q theory with -p*(t) [3]. 
This results in the following equation: 
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     Where, )(tiCα and )(tiCβ  are the reference 
compensating currents in α and β coordinates, 
respectively. The authors refers to this control 
strategy as �p* method�. The term of q(t) shows 
the instantaneous reactive power. Instantaneous 
reactive power is defined by the following 
equation: 

)(tq = eα(t) iβ(t) + eβ(t) iα(t) (9) 
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     Transforming the reference compensating currents 
from αβ coordinates to abc coordinates results in 
the following equation: 
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     In this equation, )(tiCa , )(tiCb and )(tiCc are 
the reference compensating currents which must be 
injected to the phases a, b and c, respectively. 
Injection of these currents by PAF compensates for 
instantaneous reactive power and current 
harmonics of non-linear load simultaneously and 
instantaneously. 

CONTROL STRATEGY 

Figure 1 shows the block diagram of control 
strategy. This circuit bases on the equations of 
previous section. In this figure, ia, ib and ic are load 
side currents and ea, eb and ec are the utility side 
voltages in the phases a, b and c, respectively. A 
minor closed loop control circuit regulates the 
voltage of DC side capacitor of PAF. In this figure, 
VC, V*

C and ∆VC show the capacitor voltage, 
reference capacitor voltage and the error voltage of 
DC side capacitor, respectively.  
     The possibility of including the DC voltage 
regulating term in the reference compensating 
currents in such a simple way is another feature of 
presented control method. 

     It is possible using the block of ∫
t

0
dttp

t
1 )(  to 

simulate the operation of control method, but it 
must be replaces with a moving average block in 
practical utilization. It is because of permanently 
increasing of time (i.e. �t�) that results in an un-
bounded size of memory after starting the 
operation of active filter. 
     A hysteresis controller is used to control the 
switches of PAF. The operation of three 
independent hysteresis current controllers in each 
of the phases, forces the current of PAF to follow 
the reference compensation currents of control 
circuit. 

SIMULATION RESULTS 

Figure 2 shows one line diagram of simulated 
power circuit. This figure shows a three-phase 
three-wire utility, a parallel active filter and a 
three-phase diode rectifier with a R-L load. The 
following equation defines the voltage of utility in 
the phase �a�: 

)(2120)( tSintea ω=              (11) 

     The frequency of utility is 60 Hz and the voltages of 

phases b and c have 
3
2π

−  and 
3
2π phase shift compared 

with the voltage of phase �a�, respectively. 
     The simulation package of PSCAD/EMTDC is 
used to simulate the operation of this circuit [7]. 
This software uses GTO as force commutable 
switches of inverter. It is possible turning ON and 
OFF of these switches by connecting the integer 
numbers of �1� and �2� to its gate port, 
respectively. This makes it possible using a simple 
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Figure 1. Block diagram of control strategy. 
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changeover switch for controlling the ON/OFF 
state of GTO. Figure 3 shows such a circuit. The 
ports of A and B connects to the numbers �1� and 
�2� and the common port connects to the gate of 
GTO, respectively A hysteresis current controller 
generates the gating signal of GTO. Using this 
simple model makes it possible to simulate the 
operation of overall system, easily. In this way it is 
not necessary to write a complicate Fortran 
program that is a usual case. 
     Figure 4 shows the three-phase sinusoidal and 
balance utility side voltages of power circuit of 
Figure 2. Figure 5 shows the load side currents of 
this circuit in the phases a, b and c. Figure 6 shows 
the source side currents which are resulted from 
control circuit of p* method (only for monitoring 
purpose). This figure shows that this control 
strategy only compensates for instantaneous 
reactive power but also produces sinusoidal current 
waveforms in the utility side. To compare the 
operation of p* method with the classical p-q 
theory, the control circuit of power system of 
Figure 2 is replaced with classical p-q control 

strategy [3]. Figure 7 shows the utility side 
currents, which are resulted from control circuit of 
classical p-q theory. This figure shows that p-q theory 
compensates for reactive power even with non-
linear loads but it cannot produces sinusoidal 
currents in this case. Figures 8 and 9 show the 
source side currents after the operation of PAF 
which are resulted from p* method and classical p-
q theory control circuits, respectively. These 
figures show the effect of switching harmonics of 
PAF on the utility side current waveforms. It is 
possible to reduce these high frequency harmonics 
using parallel passive filters but they are not 
considered in these simulations.  
     Figure 10 shows the variations of instantaneous 
active power p(t) and p*(t). This figure shows that 
p*(t) is the fluctuating term of p(t). Figure 11 
shows the injected currents by the operation of 
PAF. These currents compensates for instantaneous 
reactive power and current harmonics of non-linear 
load.  

 
Figure 4. Utility voltages.                                                  

(sec)
 

 
Figure 5. Load side currents.                                              

(sec) 
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Figure 2. One line diagram of simulated power circuit. 

1

2

C t r l .

G

G T OA

B

 
 
Figure 3. A simple ON/OFF controller usable in PSCAD/EMTDC
simulated circuits. 
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Figure 6. Source side currents (Ctl. circuit).                      

(sec) 

 
Figure 7. Source currents (Ctl. circuit) (pq theory)           

(sec) 

 
Figure 8. Source side currents.                                          

(sec) 

 
Figure 9. Source side currents (pq theory).                        

(sec) 

 
Figure 10. p(t) and p*(t).                                                   

(sec) 

 
Figure 11. Injected currents by PAF.                                

(sec) 

EXPERIMENTAL RESULTS 

Figure 12 shows the experimental power circuit. 
The utility voltages are sinusoidal and balanced 
with RMS value of 100 V(L-G) and fundamental 
frequency of 60 Hz. A 220/220 V (L-L) ∆/Y step 

down transformer reduces the voltage and 
produces the electrical isolation between utility and 
the rest of circuit. The inductance of utility, Ls is 
assumed to be 2 (mH). 
     The reference value of DC side voltage of 
active filter is set on 430 (V). Active filter, that is 
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Figure 12. Experimental power circuit. 

 
Figure 13. Utility side voltages. 

 
Figure 14. Source side currents. 

 
Figure 15. Load side currents. 

basically a voltage source inverter (VSI), has used 
IGBTs with anti-parallel diodes as its switches.  
     The DSP of TMS 320C32 is used for controlling of 
the switching pattern of these switches. The value of 
inductances between inverter and utility are 2.5 (mH). 
     A Y/�transformer with the voltage ratio of 230/115 
(V)(L-L) is used for reduction of voltage in the load 
side. This transformer feeds a three-phase Thyristor 
Bridge and a resistor. The load of Thyristor Bridge is 
series connection of a resistor and an inductor. This 
Thyristor Bridge generates current harmonics and 
exchanges reactive power with the utility. Figure 13 to 
15 shows the utility voltages, source side currents and 
load side currents, respectively. Except than current 
harmonics due to commutation effect of Thyristor 
Bridge and high switching harmonics of active filter, 
these figures show acceptable operation of active filter 
and control strategy in compensation for reactive 
power and current harmonics. Reactive power injection 
effect of passive filter has resulted in small phase lead 

of source side currents compared with the utility side 
voltages. 

CONCLUSION 

A new control strategy for generation of reference 
currents of parallel active filters has been introduced. 
This method can be used for simultaneous 
compensation for reactive power and current 
harmonics of non-linear loads. Using this method, it 
is possible omitting high/low pass filter(s) from the 
control circuit of PAF. In this way there will be 
neither phase shift nor magnitude change of 
alternating components of instantaneous power.  
     The superiority of presented method is compared 
with the classical p-q theory through simulation 
results. A simple model for controlling the 
switches of power electronic converters is offered 
that is usable in PSCAD/EMTDC simulation 
package, easily. Experimental results have been 
used to verify the validity of presented control 
strategy. It is possible to regulate the DC side 
voltages of active filter using a simple minor loop 
control circuit, too. 

REFERENCES 

1. Sasaki H. and Machida, T., �A New Method to 
Eliminate AC Harmonic Currents by Magnetic Flux 
Compensation�Compensation on Basic Design�, 
IEEE Trans. on PAS, Vol. 90, No. 5, (1971), 2009-
2013. 

2. Gyugyi L. and Strycula E. C., �Active AC Power 
Filters�, IEEE IAS Conf. Record, (1976), 529-534. 

3 Akagi H., Kanzawa Y. and Nabae, �Instantaneous 
Reactive Power Compensator Comprising Switching 
Devices without Energy Storage Components�, IEEE 
Trans. on Ind. Appl., Vol. IA 20, No. 3, (May/June 
1984). 

4. Ardes M., Heumann K. and Watanabe E. H., �An 
Universal Active Power Line Conditioner�, IEEE 
Trans. on Power Delivery, Vol. 13, No. 2, (April 
1998), 545-551. 

5. Akagi H., �New Trends in Active Filters for Line 
Conditioning�, IEEE Trans. on Ind. Appl. Vol. 32, 
No. 6, (November/December 1996), 1312-1322. 

6. Czarnecki L. S., �Minimization of Reactive Power 
Under Non-Sinusoidal Conditions�, IEEE Trans. on 
Instrument and Measurement, Vol. IM-36, No. 4, 
(1987), 432-438. 

7. �PSCAD/EMTDC Power System Simulation Software 
Manual�, Manituba HVDC Research Center, Manituba, 
Canada. 

vsa

~
vsb

v s c 220 /220 V
(L -L )

100 v (L -G )

230 /115 V
(L -L )

2 (m H ) 3 .5 (m H )

25 (m H )

10 .6 (Ω )

24 .6 (Ω )

IN V

2.5 (m H )20
(Ω )

10 (µ F)

~

~




