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Abstract: Harmonic injection in supply current is most common problem arising in supply network because of the 

increased population of nonlinear loads. This paper present a comparative study between two different control 

strategies to determine the compensating currents for a three phase three wire Shunt Active  Power Filter(SAPF). The 

first strategy is based on the instantaneous real and imaginary powers theory known as p-q theory, the second is 

Generalized Instanteneous  Power Theory(GIPT). The two control strategies are applied to a three-wire shunt active 

power filter for eliminating load current harmonics, reactive power compensation and load balancing. The validity of 

the proposed control scheme is verified by the simulation study. 
 

Index Terms:  Active Power, Harmonic Elimination, Non-linear load, Load Balancing. 
 

I. INTRODUCTION 

The increased severity of harmonic pollution in power 

networks with the development of power semiconductors 

and power-electronics application techniques has attracted 

the attention to develop dynamic and adjustable solutions 

to the power quality problems. Control of these harmonic 

perturbations by passive filters can generate additional 

resonance, which could result in destruction of these 

filters. This has lead to development of active filters. 

Shunt active filters have been recognized as a good 

solution to current harmonic and reactive power 

compensation of non-linear loads [1]. Fig.1 shows a 

typical system configuration of a three-phase three-wire; 

shunt APF with a voltage source inverter. The basic 

principle of a shunt active power filter is that it generates a 

current equal and opposite in polarity to the harmonic 

current drawn by the load and injects it to the point of 

common coupling, thereby forcing the source current to be 

pure sinusoidal. 
 

Instantaneous power compensation theory is recognized as 

one of the best methods. Instantaneous real and imaginary 

powers have first been defined in the time domain by p –q 

theory, and their concept has been successfully applied to 

harmonic/reactive current control in three-phase three-wire 

systems [2-3]. In p –q theory, voltages and currents in a 

three-phase three wire system are transformed into two-

phase current/voltage components on orthogonal α– β 

coordinates, and then the instantaneous real and imaginary 

powers can be calculated without any time delay from the 

two-phase components. 
 

A generalized theory of instantaneous reactive power has 

been proposed for three-phase power systems. The 

generalized theory is valid for sinusoidal or non sinusoidal 

and balanced or unbalanced three-phase systems, with or 

without zero-sequence currents and/or voltages [4].In this 

paper generalized definition of instantaneous active, 

reactive and apparent power in three-phase system is 

presented. By directly taking the instantaneous voltage and  

 

 

current as two vectors, the instantaneous reactive quantity 

is considered as the second order asymmetrical tensor 

resulting from the outer-product operation of voltage and 

current vectors. This definition is further extended for 

Active Power Line Conditioners (APLCs) applications by 

decomposing current into separate component representing 

different parts of the power. 
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Fig. 1 System diagram of a VSI-SAPF 

 

In this paper results obtained for shunt active power filter 

using GIPT are compared with that obtained by more 

widely used instantaneous p-q theory for the known three 

phase conditions. Application to calculate references for 

active power filter are also presented for different 

applications like harmonic elimination, reactive power 

compensation and load balancing under sinusoidal supply 

condition. 
 

II. P-Q THEORY 

The instantaneous p-q method is one of the first 

compensation schemes developed by Akagi [1].According 

to this theory active filter currents are obtained from the 

instantaneous active and reactive powers of the nonlinear 

load. This is achieved by previous calculation of the mains 
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voltages and the nonlinear load currents in a stationary 

reference frames, i.e., in αβ0 components by (1) and (2) 

which is named as the Clarke transformation.  
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No zero-sequence components exist in a three-phase three-

wire system, so that i0 and vo can be eliminated from the 

above equation (1) & (2). 
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The conventional instantaneous real power in three phase 

circuit is defined by [1] as the summation of the products 

of voltages and current on same axis. 

 

                           
(5) 

 

For the instantaneous reactive power the authors [1] 

introduced the instantaneous imaginary power space 

vector defined by 

 

            (6) 

 

The instantaneous real power p and the instantaneous 

imaginary power q consumed by the nonlinear load are 

written in matrix form as follows, 
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Fig. 2(a) illustrates the control block diagram using p-q 

theory. In the nonlinear load case both powers are 

decomposed into oscillatory (denoted by ~) and average 

(DC) component (denoted by -). The DC component 

represents the fundamental power, whereas the oscillating 

component is related with the harmonic power. 
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For harmonic elimination from nonlinear load, the 

oscillating term of p and q have to be removed. So the 

powers to be compensated chosen as: 

 

     ̃        ̃ (9) 

For reactive power compensation, the oscillating term of p 

and q have to be removed. So the powers to be 

compensated chosen as: 

 

             (10) 

 

For harmonic elimination and reactive power 

compensation from nonlinear load, the oscillating term of 

p and total q have to be removed. So the powers to be 

compensated chosen as: 

 

     ̃         (11) 

 

The compensation currents in α-β quantities then is, 
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By performing the inverse transformation, the three-phase 

compensation is obtained by (12). 
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III. GENERALIZED INSTANTANEOUS POWER 

THEORY 

 

For a three-phase system, the instantaneous quantities of 

load voltage and currents are expressed as 

 

 ⃗   [          ]
    ⃗   [          ]

  (14) 

 

Loads instantaneous active power ‘p’ is defined as the 

inner product of voltage and current vectors. 

 

       ⃗     ⃗    (15) 

 

Where “.” denotes the dot (internal) product, or scalar 

product of vectors. Equation (15) can also be expressed in 

the conventional definition, 

 

                      (16) 

 

Loads instantaneous reactive power ‘ ⃗’ is defined as the 

outer product of voltage and current vector. 

 

 ⃗      ⃗     ⃗      (17) 

 

Where “ ” the cross (exterior) product of vectors or 
vector product. Vector q is designated as the instantaneous 

reactive (or nonactive) power vector of the three phase 

circuit. The outer product is defined by means of the 

tensor product in the following way. 

 

 ⃗     ⃗       ⃗    ⃗    ⃗    ⃗ (18) 



ISSN (Online) 2321 – 2004 
ISSN (Print) 2321 – 5526 

 

     INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN ELECTRICAL, ELECTRONICS, INSTRUMENTATION AND CONTROL ENGINEERING 
                     Vol. 3, Issue 7, July 2015 
 

Copyright to IJIREEICE                                               DOI 10.17148/IJIREEICE.2015.3714                                                                  69 

The tensor product of current vector over voltage vector is: 
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The tensor product of voltage vector over current vector is: 
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Using Equation (18), (19) and (20) into (17),and hence 
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With each components being as: 

                    
  

  
             

                  
 

‘ ⃗’ is denoted as instantaneous reactive tensor and its 

norm is defined as instantaneous reactive power 
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In turn, we define the instantaneous active current vector 

„  ⃗⃗⃗ ⃗‟, the instantaneous reactive current vector „  ⃗⃗⃗ ⃗‟, 
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Where,‘   ⃗⃗⃗⃗⃗’ is denoted as instantaneous active current 

tensor and its norm is defined as instantaneous active 

current, ‘    ⃗⃗⃗⃗⃗⃗ ’ is denoted as instantaneous reactive current 

tensor and its norm is defined as instantaneous reactive 

current. 
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The three-phase compensation current is the sum of the 

instantaneous active current vector „  ⃗⃗⃗ ⃗‟, the instantaneous 

reactive current vector „  ⃗⃗⃗ ⃗  
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Fig. 2(b) illustrates the control block diagram using GIPT 

theory. When unbalanced nonlinear load is considered, the 

equation (8) is modified as: 
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Where    is balanced active power and     is an 

unbalanced active power. The powers to be compensated 

chosen as: 
 

            ̃           (28) 
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Fig. 2 Control algorithm (a) p-q theory (b) GIPT 
 

IV. SIMULATION RESULTS 
 

A simulation model has been developed for three-phase 

shunt active power filter using p-q theory and GIPT in 

PSIM Software. Table-I shows the parameters of both 

configurations.  

Table I. Common parameters 

 

Fig. 3 and fig.6 shows simulation waveforms for 

mitigating supply current harmonics by p-q theory and 

GIPT respectively. It is observed that load current 

harmonics are almost removed from all three-phase supply 

current by both methods as shown in Fig. 3(d) and Fig. 

6(d). Fig. 4 and Fig.7 shows simulation waveforms for 

reactive power compensation by p-q theory and GIPT 

respectively. It is observed that both methods are very 

effective for reactive power compensation and hence 

supply power factor improves from 0.3(lag) to 0.99(lag) 

by both methods. Fig. 5 shows the simulation waveform 

Supply Voltage 400 V(Line to Line), 50Hz

Source Impedance 0.1mH, 0.5Ω

Shunt APLC Inductor 0.5mH

EMI Filter Lf-1mH,Cf-2uF,Rf 0.1Ω

Switching Frequency 20 KHz

Load-1
Three phase Diode bridge rectifier with 50 Amp

constant current source

Load-2 Three phase Linear RL load(R-1Ω, L-10mH)

Load-3

Diode bridge rectifier with 50 Amp constant current

source and Unbalanced RL load(Ra-50Ω,La-

12mH,Rb-20Ω,Lb-2.5mH,Rc-100Ω,Lc-27mH)
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for load balancing using p-q theory. It is observed that 

when three phase unbalanced non-linear load is applied to 

balanced sinusoidal supply, the p-q theory is not effective 

for load balancing and hence three phase supply current is  

unbalanced as shown in Fig. 5(c). Fig. 8 shows the 

simulation waveform for load balancing using GIPT. It is 

observed that when three phase unbalanced non-linear 

load is applied to balanced sinusoidal supply, the GIPT is 

effective for load balancing. The three phase supply 

current is balanced and sinusoidal as shown in Fig. 8(c). 

(a) 

 

(b) 

(c) 

(d) 

Fig. 3 Simulation waveform for Load-1 using p-q theory (a) load 

voltage and load current of phase-a (b) reference current (c) 

source voltage and source current of phase-a (d) three phase 

source current 

(a) 

 

(b) 

(c) 

(d) 

Fig. 4 Simulation waveform for Load-2 using p-q theory (a) load 

voltage and load current of phase-a (b) reference current (c) 

source voltage and source current of phase-a (d) three phase 

source current 

(a) 

 

(b) 

(c) 

Fig. 5 Simulation waveform for Load-3 using p-q theory (a) three 

phase load current (b) three phase source current (c) three phase 

source voltage 

(a) 

 

(b) 

(c) 

(d) 

Fig. 6 Simulation waveform for Load-1 using GIPT (a) load 

voltage and load current of phase-a (b) reference current (c) 

source voltage and source current of phase-a(d) three phase 

source current 
 

(a) 

 

(b) 

(c) 

(d) 

Fig. 7 Simulation waveform for Load-2 using GIPT (a) load 

voltage and load current of phase-a (b) reference current (c) 

source voltage and source current of phase-a (d) three phase 

source current 

(a) 

 

(b) 

(c) 

Fig. 8 Simulation waveform for Load-3 using GIPT (a) three 

phase load current (b) three phase source current (c) three phase 

source voltage 

(a) 

 

(b) 

Fig. 9 Harmonic spectrum for Load-1 using p-q theory (a) load 

current of phase-a (b) source current of phase-a 
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(a) 

 

(b) 

Fig. 10 Harmonic spectrum for Load-1 using GIPT (a) load 

current of phase-a (b) source current of phase-a 

 

Fig. 9 and Fig.10 shows the FFT analysis of the supply 

current and load current by p-q theory and GIPT. It shows 

that amplitude of different- order harmonic is reduced. The 

supply current THD reduces from 29.47% to 7.38% and 

the supply current THD reduces from 29.47% to 6.4% 

with the use of p-q theory and GIPT respectively for   

load-1. 

Table II Comparison of the two theories 

 
 

Table II shows the comparison results for the two power 

theories. After measuring the system voltages and currents 

p–q theory requires around 23 multiplication steps to 

decide the reference currents, while GIPT requires just 

around 9 multiplication steps. Harmonic elimination, 

Reactive power compensation and load balancing is 

possible through GIPT. 

 

V. CONCLUSION 

The increased use of power electronic equipments in the 

power system has a profound impact on power quality. In 

this paper mitigation of supply current harmonics, reactive 

power compensation and load balancing is done by p-q 

theory and GIPT. Different simulation results are studied 

on both these control theories. The following conclusions 

are made. 

1. Theoretical study of p-q theory and GIPT is done. 

2. Both theories are very effective in eliminating supply 

current harmonics and reactive power compensation. 

3. Significant reduction in individual harmonic component 

is possible with both control theory. 

(i)The supply current THD reduces from 29.47% to 

7.38% with use of p-q theory, and  

(ii) The supply current THD reduces from 29.47% to 

6.4% with use of GIPT. 

4. Load balancing is not possible through p-q   theory,        

while GIPT provides load balancing.  
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Comparison items p-q theory GIPT

Harmonic elimination Yes Yes

Reactive power compensation Yes Yes

Load balancing No Yes

Calculation steps(Multiply) 23 9

Reference power control Yes Yes

Reference current control No No

Freedom of current control 2(+) 2
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