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ABSTRACT: This paper presents a Series active power 

filter for Voltage harmonics reduction with p-q control 

technique. The widespread use of nonlinear load had 

dropped a serious power quality problem known as 

harmonics distortion in power system. These problems 

cause reduction in system efficiency, poor power factor, 

mal-operation of electronic equipment and reduction in 

equipment mean life time. One Morden and very promising 

solution that deals with load current imperfections is the 

Series Active Power Filter (SAPF). The series APF mainly 

used for compensate Voltage related problems Such as 

Voltage harmonics. The simulation results for a three-

phase Series active power filters (SAPF) working with 

instantaneous active and reactive power method (p-q 

method) Control technique had been carried to compensate 

series harmonics. 

KEY WORDS: Shunt Active power Filter (SAPF), 

Hysteresis current controller, p-q method, power quality.  
 

NOMENCLATURE:  

p0 Instantaneous zero sequence power 

p Instantaneous real power 

q Instantaneous imaginary power 

p  Average Value of  Instantaneous Real Power 

𝑝  Oscillating Value of  The Instantaneous Real 

Power 

q Instantaneous Imaginary Power 

 

I. INTRODUCTION 

Nowadays, power electronic based equipment is used in 

industrial and domestic purpose. These equipments have 

significant impacts on the quality of supplied voltage and 
have increased the harmonics pollution of distribution 

systems. They have many harmful effects on power system 

equipment and customer, such as additional losses in 

overhead and underground cables, transformers and rotating 

electric machines, problem in the operation of the protection 

systems, over voltage and shunt capacitor, error of measuring 

instruments, and malfunction of low efficiency of customer 

sensitive loads. These nonlinear currents flow through the 

impedance of the electrical system which produce an 

additional voltage distortion. The presence of harmonics in 

the power system cause greater power loss in distribution, 

interference problem in communication system and 
sometimes causes failure of operation of electronic 

equipments which are more and more sensitive because it  

 

contains microelectronic controller operation of electronic 

equipments which are more and more sensitive because it 

contains microelectronic controller systems, which work 

with very low energy levels [1]. Therefore, it is very 

important to maintain a high standard of power quality. A 

number of topologies have been proposed [1]. Active power 

filters exploit the latest generation of power semi-conductor 

devices.  

 

With improvements in power and control circuits, active 
filters are becoming a good option to passive filters. The 

passive filters have been used as a conventional solution to 

solve harmonic currents problems, but they present some 

disadvantages: they only filter the frequencies they were 

previously tuned for; its operation cannot be limited to a 

certain load or group of loads; resonance can occur due to 

the interaction between the passive filters and others loads, 

with unexpected results. To cope with these disadvantages, 

recent efforts have been concentrated on the development of 

active power filters. In this paper the development of a shunt 

active filter is proposed, with a control system based on the 

p-q theory. With this filter it is possible to effectively 
compensate the harmonic currents and the reactive power 

(correcting power factor to the unity), and also to balance the 

power supply currents. 

 

II. BASIC OF SERIES ACTIVE POWER FILTER 

Active filter have been designed, improved, and 

commercialized in past three decades. They are applicable to 

compensate current-based distortions such as current 

Harmonics, reactive power and neutral current. They are also 

used for voltage-based distortion such as voltage harmonics, 

voltage flickers, voltage sags and swells and voltage 
imbalances [6]. They are two categories of active filter such 

as single-phase and three-phase.  

 

Three-phase active filters may be with or without neutral 

connection and single phase active filters are used to 

compensate power quality problems caused by single-phase 

loads such as DC power supplies. Three-phase active filters 

are used for high power non-linear loads such as adjustable 

speed drive (ASD) and AC to DC converters [1], [3]. Based 

on topologies, they are two kinds of active filter such as 

current source and voltage source active filters. In voltage 

source active filter (VSAF), a capacitor acts as the storage 
element as shows in Fig. 1.  
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Figure-1: Series active filter 

Figure shows a system configuration of a single-phase or 

three-phase shunt active filter is mainly used for compensate 

various types of current related problems. The shunt active 

filter with or without a transformer is connected in parallel 

with the non linear load. The shunt active filter is also 

consists of shunt converter with dc capacitor and shunt 

inductor. Shunt inductor (LSH) is mainly used to interface 

shunt converter into the network and also help in smoothing 

the current wave shape [1] [3].  

 
III. DESCRIPTION OF  p-q THEORY 

In 1983, Akagi, Kanazawa and Nabae have anticipated the 

"The Generalized Theory of the Instantaneous Reactive 

Power in Three-Phase Circuits", also known as instantaneous 

power theory or p-q theory. This theory deal with 

instantaneous power can be mainly classified into following 

two groups. The first one is developed based on abs phase to 

three orthogonal axes, and the other one is directly on a-b-c 

phases. The first one is what we called as p-q theory that is 

based on a-b-c to α-β-0 transformation [5]. It is based on 

instantaneous values in three-phase power systems with or 
without neutral wire, and is valid for steady-state or 

transitory operations, as well as for generic voltage and 

current waveforms, allowing to control the active power 

filters in real-time. Another important characteristic of this 

theory is the simplicity of the calculations, which involves 

only algebraic calculation (exception done to the need of 

separating the mean and alternated values of the calculated 

power components). 

 
Figure-2: p-q Theory Components in A Generic 3-Phase 

Power System 

Figure 2 allows observing the components of the p-q theory 

in a generic power system. Each one of these power 

components has a meaning: 

𝐩  - Average value of the instantaneous real power- It 

corresponds to the transferred Energy per time unit from the 

power source to the load, through a–b–c phases of the three-

phase system. 

𝒑  - Alternated value of the instantaneous real power- It 

corresponds to the energy per time unit that is exchanged 

between the power source and the load, through t a–b–c 

phases. 

q - Instantaneous imaginary power- It corresponds to the 

power that has to circulate between the phases a – b – c of 
the three-phase power system (it does not contribute to any 

transference of energy from power source to load, but 

produces undesirable currents). 

The p-q theory consists of an algebraic transformation 

(Clarke transformation) of the three-phase voltages and 

currents in the a-b-c coordinates to the α-β-0 coordinates, 

followed by the calculation of the p-q theory instantaneous 

power components [5] [6]: 

Three phase generic instantaneous line current ia, ib and ic 

can be transformed on the α-β-0 axes by 

                 

V0

Vα

V𝛽

  = 
2

3
 
1/√2 1/√2 1/√2

1 −1/2 −1/2

0 √3/2 −√3/2

  
Va

Vb

Vc

 … (I) 

And its inverse transformation is,  

               
Va

Vb

Vc

 = 
2

3
 

1/√2 1 0

1/√2 −1/2 √3/2

1/√2 −1/2 −√3/2

  

V0

Vα

V𝛽

 …… (II) 

The main advantage of Appling the α-β-0 transformation is 

to separate zero-sequence component from the a-b-c phase 

components. α and β axes no contribution to zero-sequence 

components. No zero sequence current exists in a three-

phase three wire system, so I0 eliminated from the above 

equation [5][7]. 

 

IV. CONTROL TECHNIQUE OF PROPOSED SYSTEM 

The reference signals (voltage and current) for switching 

instants of inverter switches to generate gating signals to 

IGBTs Determines by the SAPF control strategy. Control 

strategy plays very important role in system’s performance. 
The control strategy of SAPF may be implemented in three 

stages [2] [3]: 

 Current or voltage signals are sensed; 

 Compensating commands in terms of current levels 

are derived; 

 The gating signals for semiconductor switches of 

SAPF are generated using hysteresis based control 

techniques. 

In this paper, the control strategy for shunt compensator is 

developed by using instantaneous reactive power theory or p-

q theory introduced by Akagi, Kanazawa and Nabae in 
1983[5]. Fig. VI shows the reference current signal 

generation by using p-q theory.  
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Figure-3: control method of Series Voltage compensation 

based on p-q theory  
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The instantaneous three-phase load currents and the common 

coupling voltages are sensed and transformed from a, b, c 

coordinates to α, β, 0 coordinates by using Clark 

transformation as in (III) and (IV), respectively. 
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The source side instantaneous real and imaginary power 

components can be calculated by using (III) and (V).  

                      
p
q =  

Vα Vβ

−Vβ Vα
  .  

Iα

Iβ
 …………... (V) 

Where; 

p =VαIα+ VβIβ      Instantaneous Real Power 

q =VαIβ – VβIα     Instantaneous Imaginary Power  

The instantaneous real and imaginary powers include both 

oscillating and average components given by (VIII). Average 

components of p and q consist of positive sequence 

components (p  and q ) of source current. The oscillating 

components (𝒑  and 𝒒 ) of p and q include harmonic and 
negative sequence components of source currents [9].  

 

         Real power:        p   =     𝐩           +         𝒑  ……. (VI) 

         Imaginary part:   q   =     𝐪           +         𝒒  ....... (VII) 

                                            Average          oscillating 

                                              Powers            Powers 

as given in (VI) if both harmonic and reactive power 

compensation is required. As V*cα and V*cβ are the 

reference voltage of Series APF in α-β-0 co-ordinates. These 

Voltage are transformed into three phase a-b-c coordinates as 

given by (VI).  
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The reference Voltage are calculated in order to compensate 

harmonic Voltage. These reference source voltage signals are 

then compared with sensed three-phase source voltage, and 

the errors are processed by hysteresis controller to generate 

the required switching signals for the shunt APF switches [9]. 

 
Figure-4: Basic Diagram of Hysteresis Voltage Controller 

 
Figure-5: Performance of  Hysteresis Controller 

With the hysteresis control, limit bands are set on either side 

of a signal representing the desired output waveform [10]. 

the inverter switches are operated as the generated signals 

within limits. The control circuit generates the sine reference 

signal wave of desired magnitude and frequency, and it is 

compared with the actual signal. As the signal exceeds a 

prescribed hysteresis band, the upper switch in the half 

bridge is turned OFF and the lower switch is turned ON. As 

the signal crosses the lower limit, the lower switch is turned 
OFF and the upper switch is turned ON. The actual signal 

wave is thus forced to track the sine reference wave within 

the hysteresis band limits. 

 

V. SIMULATION WORK 

The model of SAPF under proposed control algorithm is 

developed in MATLAB/Simulink software as shown in Fig. 

6, where the performance of the SAPF is evaluated in terms 

of voltage harmonic mitigation under distorted Source 

Voltage condition. A 3-phase diode bridge rectifier with RL 

load acts as non linear load which is connected to AC mains 

to demonstrate the effectiveness of the SAPF with the 

proposed method. The SAPF circuit parameters used in 
MATLAB/Simulink are given in Table I. 

Table: 1 System parameters 

 Parameters Values 

 

Supply 

Fundamental Voltage Vs 415 V 

Frequency fs 50 Hz 

 

Load 

Diode rectifier load 

resistance 

R 30 Ω 

Diode rectifier load 

inductance 

L 20 mH 

DC-link Reference Voltage VDC 700 V 

capacitance CDC 1000 µF 

In the simulation studies, the results are specified before and 

after the operation of the SAPF system. The voltage and 

current harmonic compensation capability of the proposed 

SAPF control method is shown in Table II as total harmonic 

distortion (THD) levels. 

 
(a) source Voltage waveform 
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(b) Load Voltage waveform with SAPF 

 
(c) Injected Voltage waveform 

Figure-6: Performance of SAPF using proposed Control 

technique for harmonic compensation 

 
Figure-7: THD=22.36% with SAPF. 

 
Figure-8: THD=2.46% without SAPF. 

 

Table: 2 THD Level of Current Waveform 

%THD 

Analysis 

Without Series 

Active Power Filter 

With Series Active 

Power Filter 

Load 
Voltage 

22.36 2.46 

 

VI. CONCLUSION 

The large scale use of power electronics equipment has led to 

increase harmonics in Power system. The nonlinear loads 

generate harmonic voltage which distorts the voltage 

waveform at PCC. These Voltage harmonics will result in a 

power factor reduction, decrease in efficiency, power system 
voltage fluctuations and communications interference. So, 

harmonics can be considered as a pollutant which pollutes the 

entire power system. The Series Active Power Filter (SAPF) 

is one of the best solutions to compensate both current and 

voltage related problems, simultaneously.).. Here simulation 

of Series active power filter which is use to solve Voltage 

related problems. Form this we can conclude that Series 

active power filter is better controlling device, reliable and 
cost efficient solution to restrain the current related problem 

Instantaneous active and reactive power theory is one of the 

most important as well as a good and simple method for 

controlling of series active power filter. 
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