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Abstract— A Three phase Shunt Active Power Filter (SAPF) 

is use to compensate the harmonic produce by the nonlinear 

load. The very important part of the Shunt Active Power 

Filter is generating the gate signal for the voltage source 

inverter (VSI). In this work Hysteresis current control 

techniques is use. The reference harmonic component 

extraction is based on the instantaneous active and reactive 

power theory (P-Q theory) in time domain. The active 

power filter is able to improve the Total Harmonic 

Distortion (THD) for the distorted line current caused by 

uncontrolled rectifier (nonlinear load) and meet IEEE 519 

standard recommendations on harmonic level. Matlab / 

Simulink is used as a simulation tool for the research. 
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I. INTRODUCTION 

In the power system due to non-linear loads at the consumer 

end in the form of electric arc furnaces, power electronic 

converters, UPS, and use of adjustable speed motor drives is 

increasing gradually. These power electronic loads inject 

harmonics current and reactive power into the supply grid 

having significant impact on power quality, so that polluting 

the electric distribution network and also effect the 

operation of power electronic equipment to eliminate the 

undesirable current harmonics and compensate the reactive 

power from the power system. The performances of 

Conventional method using passive filter is not satisfactory 

due to the some drawbacks. The shunt APF takes the 

challenges. And the control algorithms play a vital role for 

the development of the active power filter. 

The tuned passive filters were used to solve the 

problem of harmonics distortion but these filters offered 

some drawbacks like they filter only the frequencies they are 

tuned for, their operation cannot be limited to a certain load, 

resonances can occur because of the interaction between the 

passive filters and other loads with severe effects. To 

compensate these drawbacks, recent efforts have been made 

on the development of an important group of power system 

conditioning circuits commonly known as Active Power 

Filters (APF) or Active Power Line Conditioners (APLC). 

[1] The performance of an active filter mainly depends on 

the control technique and topology of the filter inverter and 

reference current generation strategy. A typical 

configuration of Shunt Active Power Filter (SAPF) is shown 

in Figure and its working principle. SAPF draws current in 

such a way that the source current which is sum of load 

current and active filter current becomes sinusoidal i.e. 

         

Where    is the source current,     is the load current 

and    is the current drawn by Active Filter.  The shunt 

active power filter acts as a controlled non sinusoidal current 

source that injects or draws non sinusoidal current at the 

PCC to make the supply current sinusoidal. These Active 

Power Filters are able to compensate harmonics 

continuously, regardless of the changing of the applied 

loads. 

II. BLOCK DIAGRAM OF SHUNT ACTIVE FILTER 

 
Fig. 1: Basic Configuration of a Shunt Active Filter 

The concept of Shunt Active Filtering was first 

introduced by H.Sasaki and T.Machida in 1971 [6]. The 

Active power Filters controller determines in real time the 

compensating current.  Shunt Active Filter can compensate 

only for the harmonic current of a selected nonlinear load, 

and can continuously sense and changes in its harmonic 

contents. Fig.7 shows below the basic concept and principle 

of shunt active filter compensation.  

The active filter controller is sense and monitor the 

load current and to appropriately determine the correct 

reference harmonic current for the inverter. In the power 

system current source nonlinear loads such as a six pulse 

rectifier converter require harmonics current from the main 

AC supply. The shunt active filter is considered a current 

source because it injects non-sinusoidal current through the 

parallel of the network in sequence to compensate for the 

current harmonic demand of the nonlinear load. The correct 

reference harmonic content is obtain and the inverter 

injection into the network. 

III. INSTANTANEOUS ACTIVE AND REACTIVE POWER (P-Q) 

THEORY 

The active and reactive power theory is based on the set of 

instantaneous power defined in time domain. APF have been 

designed on the basis of instantaneous active and reactive 

power theory (p-q), first proposed by Akagi et al in 1984 

[12]. It can be applied on the three phase system with or 

without neutral wire system [12][17]. The p-q theory first 

transformed three phase supply voltage            and 

current            waveforms from the a-b-c axis to α-β-0 

different coordinate and then defines instantaneous power 

on these coordinate. The p-q theory uses Clarke 

transformation that means α-β-0 transformation which 

consists of a matrix that transforms three phase components 

into α-β-0 stationary reference frame. In the p-q method 

reference current is generated by the instantaneous active 

and reactive power of the non-linear load. 
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A. The Clark Transformation: 

The Clarke transformation (αβ0 transformation) converts the 

three-phase instantaneous voltages in the abc phases 

         into the instantaneous voltages on the αβ0 axes  

         [9][17].  

The Clarke Transformation of three-phase voltages is given 

below: 
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Similarly, this transform can be applied on the 

distorted load currents to give 
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The zero-sequence current is not exists in a three 

phase, three-wire system, due to absent of   component it 

can be eliminated from the above matrix. If the three-phase 

voltages are balanced in a four wire system, no zero-

sequence voltage is present. when zero-sequence voltage 

and current components are present, the complete 

transformation has to be considered. due to the elimination 

of    the Clarke transformation and its inverse 

transformation takes the shape given by: 
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And it’s inverse transformation: 
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B. Three Phase Instantaneous Active Power in Term of 

Clarke Components: 

The three phase instantaneous active power is given by: 

                    

 
Fig. 2:  Axes Coordination 

The p-q Theory can be defined in three-phase 

systems with or without a neutral wire. Three instantaneous 

powers: the instantaneous zero-sequence power   , the 

instantaneous imaginary power q, and the instantaneous real 

power p, are defined from the instantaneous phase voltages 

and line currents on the αβ0 axes are given in equation [13]. 
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This expression can be given in the stationary frame by: 

            

        
Where,    is the instantaneous active power,    is the 

instantaneous homo-polar sequence power. Similarly the 

instantaneous reactive power can be given by: 

            

The Instantaneous P-Q Theory in Three-Phase Three Wire 

Systems Let us consider three phase systems with voltage 

are the instantaneous phase voltages          and the 

instantaneous line current        . Since zero sequence 

power in three phases three wire systems is always zero, the 

equation becomes as: 
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There are zero-sequence current components in 

three-phase, three-wire systems is zero so that is        
The active and reactive instantaneous power 

contains a alternating component and direct component. The 

alternating term is the power of the harmonics of voltages 

and currents. The direct component of each presents the 

power of the fundamentals of voltage and current. 

Separation of the harmonics from the fundamentals of the 

load currents separate the direct term of the instantaneous 

power from the alternating. After the separation of the 

alternating and direct terms of instantaneous power, the 

harmonic components of the load currents can be given 

using the inverse of equation 
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 here  the   sign points to the direct component and 

the ˜ sign points to the alternating term of each active and 

reactive power. 

According to p-q theory real and reactive powers are: [3] 

   ̃   ̅,    ̃   ̅ 

 ̅ = that mean the value of the instantaneous real power and 

proportional to the energy transferred from the power supply 

to the load. 

 ̃ = that means the alternated value of the instantaneous real 

power. that is exchanged between the power supply and the 

load. it must be compensated. 

 ̅ = that means the Average value of the instantaneous 

imaginary power, exchanged between system phases and 

does not imply transfer of energy between power sources 

and load. 
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Fig. 3: Concept of Different Powers Which Are Transferred 

and Exchanged Between Power Source and Load 

 ̃ = that means the Alternating value of the 

instantaneous imaginary power exchanged between system 

phases and does not transfer of energy between power 

source and load. The alternating value of the instantaneous 

imaginary power is unwanted; it must be compensated [13]. 

Reference Currents Calculation for the 

Compensator  

The compensator reference currents in α-β domain can be 

written as: 
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Where,  
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Fig. 4:  Algorithm of Reference Currents Calculation 

The PFC boost converter requires a linear 

measurement of inductor current and PFC boost converter 

output DC voltage for closed loop operation. So it is necessary 

to select such sensor which gives linear DC sensed output 

voltage. Hence the selection of gain and sensor is shown in 

Table. And linear gain adjustment also showed in fig. 

C. Control Methods of VSI: 

The aim of the control of the VSC is to force the output 

currents of the inverter to follow their predefined reference 

currents. The main principle is based on the comparison 

between the actual current of the active filter with the 

reference currents generated by the different extraction 

methods. The discuss some different methods in VSC 

control are below. 

1) Sinusoidal Pulse Width Modulation (SPWM) 

Control  

2) Hysteresis Control Method 

3) Space Vector PWM Control (SVPWM) 

1) Hysteresis Control Method: 

The current control strategy plays an important role in fast 

response current controlled inverters such as the active 

power filters. The hysteresis current control method is the 

most commonly proposed control method in time domain. 

This method provides good accuracy and instantaneous 

current corrective response. This technique is said to be the 

most suitable solution for current controlled inverters.  

 
Fig. 5: Hysteresis Control Principle 

Hysteresis current control is a method of 

controlling a voltage source inverter so that an output 

current is generated which follows a reference current 

waveform. The basic structure of PWM voltage source 

inverter with hysteresis controller is shown in Fig 12. The 

hysteresis control strategy aims to keep the controlled 

current inside a defined region around the desired reference 

current. The status of the switches is determined according 

to the error. When the current is increasing and the error 

exceeds a certain positive value, the status of the switches 

changes and the current begins to decrease until the error 

reaches a certain negative value. Then the switches status 

changes again. The fix hysteresis band control of the VSI, 

the switching frequency is a function of the derivative of the 

output current. This one depends on the value of the 

inductance of the decoupling filter and the voltage drop 

around it. It is important to notice that the coupling filter 

affects the switching frequency and the dynamic behavior of 

the active filter. The simple implementation procedure is the 

main advantage of this control method. However, the 

variable switching frequency is the major draw-back of this 

method. 

IV. SIMULATION 

1) Simulation of Shunt Active Power Filter: 
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Fig. 1: Simulation of Shunt Active Power Filter 

2) Load Current Waveform 

 
Fig. 2: Load Current Waveform 

3) Active Power Filter Current 

 
Fig. 3: Active Power Filter Current 

4) Source Current With Connect APF 

 
Fig. 4: Source Current With Connect APF 

5) FFT Analysis without Shunt Active Power Filter 

 
Fig. 5: FFT Analysis without Shunt Active Power Filter 

6) FFT Analysis with Shunt Active Power Filter 

 
Fig. 6: FFT Analysis with Shunt Active Power Filter 

7) DC link Voltage 

 
Fig. 7: DC link Voltage 

V. CONCLUSION 

The instantaneous power theory and its component 

derivation are discussed in detail and are validated with 

simulation results for its mathematical models. The shunt 

active power filter is used as harmonics mitigating device 

and shows that harmonics are limited reduced to 5.05% 

from 28.67% which is well within the IEEE 519 limits. 

REFERENCES 

[1] Abdelaziz Zouidi, Farhat Fnaiech and Kamal AL-

Haddad  “Voltage Source Inverter Based three 

phase shunt active Power Filter: Topology, 

Modeling and Control Strategies”  IEEE ISIE 2006 



Active Power Filter using P-Q Theory 

 (IJSRD/Vol. 3/Issue 02/2015/457) 

 

 All rights reserved by www.ijsrd.com 1850 

[2] L. P. Ling  and N. A. Azli  “SVM Based Hysteresis 

Current Controller for a Three Phase Active Power 

Filter” National Power & Energy Conference 

(PECon) Proceedings, Kuala Lumpur, Malaysia, 

PP 132-137, 2004 

[3] Emílio F. Couto, Júlio S. Martins, and João L. 

Afonso  “Simulation Results of a Shunt Active 

Power Filter with Control Based on p-q Theory”  

International Conference on Renewable Energies 

and Power Quality, PP 1-6, 2003 

[4] IEEE standard 519 

[5] N.Viswanath  A.K.Kapoor  “Performance 

Estimation of HCC and SVPWM Current Control 

Techniques on Shunt Active Power Filters” IEEE 

conference, 2010 
[6] Sasaki  H.; Machida  T.  “A New Method to Eliminate 

AC Harmonic Currents by Magnetic Flux Compensation-

Considerations on Basic Design”  Power Apparatus and 

Systems, IEEE Transactions on , vol.PAS-90, no.5, 

pp.2009-2019, Sept. 1971 

[7] M. El-Habrouk, M. K. Darwish, and P. Metha, 

“Active power filter: A review ” Electric Power 

Applications, IEEE Proceedings-, Volume 147, 

Issues: 5, Pages: 403-415, September 2000. 

[8] Grady W. M., Samotyj M. J., Noyola A. H., 

"Survey of active power line conditioning 

methodologies", IEEE-trans. on power delivery, 

Vol. 5, No. 3, July 1990 

[9] H. Akagi “New Trends in Active Filters for Power 

Conditioning ” IEEE Trans. on Indus. App.  vol.32  

no.6,Nov./Dec.1996, pp.1312-1322. 

[10] Bhim Singh, Kamal Al-Haddad, and Ambrish 

Chandra, “A Review of Active Filters for Power 

Quality Improvement” IEEE Transactions On 

Industrial Electronics, Vol. 46, No. 5, October 

1999.Pp 960-971 

[11] Akagi H.  “New trends in active filters for 
improving power quality”  Power Electronics, 

Drives and Energy Systems for Industrial Growth, 

1996., Proceedings of the 1996 International 

Conference on , vol.1, no., pp.417,425 vol.1, 8-11 

Jan 1996. 

[12] Akagi H., Kanazawa Y., and Nabae A., 

“Instantaneous reactive power compensators 

comprising switching devices without energy 

storage components ” IEEE Trans. Ind. Applicat.  

vol. IA-20, (1984):pp. 625–630. 

[13] João Afonso  Carlos Couto  Júlio Martins  “Active 

Filters with Control Based on the p-q  Theory”  

IEEE Industrial Electronics Society Newsletter 

Sept. 2000 

[14] Yun liang  ang  Qi liang Guo  “Hysteresis Current 

Control technique based on Space Vector 

Modulation for Active Power Filter” International 

Journal of Power Electronics and Drive System 

(IJPEDS), Vol.1, No.1, September 2011, pp. 1~6 

[15] Charles S, C. Vivekanandan  “Design and 

Specifications of SVPWM Controlled Three Phase 

Three Wire Shunt Active Power Filter for 

Harmonic Mitigation” IEEE process automation, 

control and computing international 

conference,vol. no.1, pp.8,20-22 July 2011 

[16] F.Z.Peng  H.Akag1  A.Nabae  “A New Approach 
to Harmonic Compensation in Power Systems” In 

Proc. IEEE-Ias Annu. Meeting, 1988, pp.874-880 

Book: 

[17] H. Akagi, E.H. Watanabe, and M. Aredes, 

"Instantaneous power theory and applications to 

power conditioning  “Electrical Engineering  2007.  


