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Abstract: Electrical power quality determines the fitness of a system. Major power quality issues nowadays are 

harmonics and reactive power. Non-linear loads are the main cause of introduction of harmonics in the system. To 

mitigate these harmonics, suitable filters are needed to be introduced in the system. Active power filter provides an 

effective and adjustable solution to eliminate harmonic current and compensate reactive power in an electrical power 

system. Its performance depends on the strategies employed and the type of controller being used in reference current 

generation. This paper presents a survey on using soft computing techniques and application of different control 

strategies in active power filter. 
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I. INTRODUCTION 

Electrical power quality is defined as maintaining the near 

sinusoidal waveform of power distribution bus currents 

and voltages as well at rated magnitude and frequency. 

Harmonics & reactive power are the major causes of poor 

power quality nowadays. The rise of non-linear industrial 

loads such as rectifiers, inverters, adjustable speed drives, 

power converters, etc. has resulted in the problem of 

harmonic currents[49]. Non-linear loads create harmonics 

by drawing current in abrupt short pulses, rather than in a 

smooth sinusoidal manner. The demand from the 

customers for good quality of power supply is rising due 

to the increase of sensitive loads which is a challenging 

task. Reactive power is the power that supplies the stored 

energy in reactive elements which is generally treated as 

unused powers. The inductive industrial loads draw 

reactive power. The problem can be solved by the use of 

synchronous condensers, static VAR compensators etc. 

Harmonic is defined as a component of a periodic wave 

having a frequency that is an integral multiple of the 

fundamental power line frequency of 50 Hz. 

To deal with the above problems, filters have been 

introduced in the system. A filter is an electrical circuit 

that separates some frequencies from others within mixed-

frequency signals. Filters are used to reduce harmonics 

and additionally compensate the reactive power[48]. 

Filters can be active or passive. Passive power filters are 

less expensive and simple in operation. The problem of 

resonance occurs with passive filters. Active power filters 

are switching mode power electronic converters, 

specifically designed to inject harmonic currents in equal 

and opposite in phase at point of common coupling (PCC). 

Active power filters can be current sourced that injects 

harmonic current or voltage sourced that injects harmonic  

 

 

voltage. It can be series APF or shunt APF based on the 

type of connection with utility. Shunt active power filters 

are used generally. A voltage source converter is used as 

an SAPF whose gate pulses are generated using different 

types of control strategies, different types of controllers 

can also be used. 

II. SHUNT ACTIVE POWER FILTER (SAPF) 

Shunt active power filter compensates current harmonics 

by injecting equal and opposite harmonic current at the 

point of common coupling (PCC). SAPF is used for 

current harmonic filtering and reactive power 

compensation [1]. It provides the most efficient current 

harmonic compensation in a compact unit. SAPF can’t be 

overloaded and is easy to retrofit. Being parallel to the 

load it allows for redundancy to be built in the system. It 

has a little loss and it is also insensitive to grid conditions. 

It draws current in such a way that the source current 

which is the sum of load current and filter current becomes 

sinusoidal. The principle of operation of an active power 

filter is to generate compensating currents into the power 

system for cancelling the current harmonics contained in 

the non-linear load current [2,41]. SAPF extracts the 

fundamental component from the distorted waveform 

using different control techniques. Fig.2.1 shows a shunt 

active power filter.  
 

The reference current for shunt power active filter (SPAF) 

is determined by calculating the fundamental harmonic of 

the nonlinear load current and subtracting it from the total 

current which can be obtained by different methods[2]. 

Different control strategies have been used for reference 

current generation[43]. For the generation of gate pulses of 
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Fig. 2.1 Shunt Active Power Filter 

 

voltage source inverter (VSI) of SAPF system, these 

strategies are used. The effectiveness of active power filter 

depends on accurate extraction of fundamental component 

of current waveform and fastness of control strategy which 

are of three types viz, synchronous reference frame theory, 

DC link PI control theory and instantaneous reactive 

power theory.  

The time domain based synchronous reference frame 

theory used to extract reference current from distorted line 

current using Clarke’s and Park’s transformation. Clarke’s 

Transformation equations are given by equations (1), (2) 

and (3) while Park’s transformation equations (4), (5) and 

(6). 

Iα = ⅔ Ia - ⅓ Ib - ⅓ Ic                                               ...(1)                               

Iβ = 1/√3 (Ib– Ic)                                                      ...(2)                                   

Iγ  = ½ (Ia + Ib + Ic)                                                 …(3)                                   

Id = √⅔ [ Ia*cosθ +Ib*cos(θ-120) +Ic*cos(θ+120)]…(4)                                  

Iq = -√⅔ [ Ia*sinθ +Ib*sin(θ-120) +Ic*sin(θ+120)] ...(5)                                  

I0 = 1/√3 (Ia + Ib + Ic)                                              ...(6)              

 In the method of DC link PI control strategy, the amount 

of the main current is found by the power balance of the 

main voltages and current, the power converter and the 

load. The capacitor which is located on the DC bus of VSI 

is used as energy storage component for regulating voltage 

and delivering reactive power to the load.  

Instantaneous reactive power theory uses the 

transformation from a three phase three wire system to two 

phase system. This control algorithm gives a basic way to 

find the reference currents for the Shunt APF system[44]. 

The theory is based on the Clarke’s transformation which 

is given by:-  

Iα = ⅔ Ia - ⅓ Ib - ⅓ Ic                                             ...(7)                                  

Iβ = 1/√3 (Ib– Ic)                                                    ...(8)                                  

Iγ  = ½ (Ia + Ib + Ic)                                               …(9)                                  

The APF needs an accurate control algorithm that provides 

robust performance under source and load unbalances. 

Better control strategy leads to better dynamic response of 

the system. 

III. PROBLEM FORMULATION 

In this work we have designed a shunt active power filter 

for a three phase system with non linear load. The filter 

injects the required current at the point of common 

coupling (PCC) and cancels out the harmonics from 

source current. The system consists of a three phase AC 

supply source, an active power filter and a non-linear load 

(here a diode rectifier has been used). Voltage source 

inverter (VSI) has been used as SAPF in this system. Since 

VSI has six IGBTs/Diodes, so gate pulses are needed to be 

generated to activate these devices and at this point the DC 

link PI control strategy has been used. Later on the PI 

controller being used is replaced by PID controller and 

fuzzy controller consequently [3,9]. PSO algorithm has 

also been used at the next stage to optimise the 

proportional and integral constants of PI 

controller[38,42,47]. Fuzzy logic and particle swarm 

optimisations are the two soft computing techniques that 

has been reviewed[50]. The value of THD before and after 

using SAPF in the system is observed and is found to be 

decreasing. Hysteresis band current has been used in the 

gate pulse generation system[46]. Following parametric 

values have been used to design the desired system.  
System Parameters Values 

Source Voltage 100V 

Frequency 50Hz 

Rs, Ls 0.05 Ω, 0.05mH 

Rf, Lf 20 Ω, 15mH 

Rl, Ll 20 Ω, 15mH 

Kp, Ki, Kd 0.2, 9.32, 27 

Reference DC voltage 220V 

Table 3.1 System parameter specifications 
 

 
Fig 3.1 SAPF system using PI controller in MATLAB simulink 

 

 
Fig.3.2 Gate signal generation system in MATLAB simulink 
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IV. LITERATURE SURVEY 

Different types of control strategies have been used in 

several papers. And different outputs were obtained in 

each of these strategies. According to the type of control 

strategy used in SAPF systems, papers have been studied. 

Three types of control strategies is shown in fig.4.1.  

 
Fig. 4.1 Different types of control strategies 

 

A. Synchronous Reference Frame Theory 

Consalva et al. presented a paper in which a method for 

obtaining the desired reference current for voltage source 

converter (VSC) of the shunt active power filter (SAPF) 

using synchronous reference frame theory has been used. 

The method relies on the performance of the proportional-

integral (PI) controller for obtaining the best control 

performance of the SAPF. To improve the performance of 

the PI controller, the feedback path to the integral term is 

introduced to compensate the winding up phenomenon due 

to integrator. Using reference frame transformation, 

reference signals are transformed from a − b − c stationery 

frame to 0 − d − q rotating frame[4].  Synchronous 

reference frame (SRF) algorithm is developed for low 

voltage laboratory prototype using digital signal processor 

(DSP) in a paper presented by Tapankumar et al. [5]. 

Sunitha and Kartheek presented a paper in which using 

reference frame transformation, reference signals are 

transformed from a−b−c stationery frame to 0 − d − q 

rotating frame. Using the PI controller, the reference 

signals in the 0 –d-q rotating frame are controlled to get 

the desired reference signals for the pulse width 

modulation[6]. A paper by Kakoli Bhattacharjee says that 

the synchronous reference frame method (SRF) is based 

on the fact that harmonics change their frequency in a 

rotating reference frame, and so they are better isolated 

with high pass filters [7]. Sundaram and Venugopal used 

synchronous reference frame algorithm to implement a 

three phase three level SAPF on an embedded platform[8]. 

A modified harmonic and reactive current detection 

method based on SRF theory for three-phase four-wire 

SAPF is proposed under distorted supply voltages 

condition in a paper by Xiangshun et al. [9]. A paper by 

Alberto Pigazo et al. says that a family of SAPF 

controllers, which evaluates the compensation reference 

current using synchronous rotating frames, employs a 

structure based on Park’s transformation: direct transform, 

lowpass filtering (LPF), and inverse transform[10]. 

Mohammad et al.’s paper deal with the design of a novel 

SRF method that can extract the reference compensating 

current for single-phase SAPF. Unlike previous SRF 

studies, the proposed method has an innovative feature 

that does not require a fictitious current signal and it 

includes frequency-independent operation, accurate 

reference current extraction, and relatively fast transient 

response[11]. In a paper by Kalpesh and Suhas, shunt 

active filter is designed with SRF algorithm to compensate 

the harmonic current of a three phase Non- Linear load. In 

these, load current, DC bus voltage& source voltage are 

sensed to compute the reference current of shunt active 

power filter. Driving signal for shunt active filter are 

produced by feeding reference by feeding reference & 

actual Output current to hysteresis band current 

controller[12]. Rejil et al. presented a simple paper that 

illustrates the working of SAPF using SRF control 

strategy. A three phase current controlled VSI with a DC 

link capacitor across it is used as an active filter. SRF 

algorithm is used to extract the harmonic components. 

Hysteresis band current control (HBCC) technique is used 

for the generation of firing pulses to the inverter[13]. In a 

paper by Vikas et al. control schemes for shunt active 

power filter using perfect harmonic cancellation (PHC) 

and synchronous reference frame (SRF) methods as 

reference current generation techniques are proposed. In 

PHC method reference signals are calculated using 

positive sequence component of voltages taken from PCC 

and in SRF method reference signals are transformed from 

three-phase stationary frame (a-b-c) into three phase 

rotating frame (0-d-q)[14]. Diptimayee and Pravat used 

this theory in hybrid series active power filter for 

harmonic elimination in their work[51]. 

 

B. DC link PI Control Theory 

Venkata et al. presented a paper whose main objective  is 

the analysis and comparison of THD of the source current 

with different types of controllers and THD of source 

current with conventional PI controller is compared with 

the artificial neural network (ANN) based PI and Particle 

Swarm Optimization (PSO) based PI[15].  Parimala et al, 

presented a paper in which the PI controller is used to 

regulate the DC link voltage.  The PWM controller is used 

to generate gate pulses and applied to three phase VSI 

based shunt active power filter with split capacitor 

topology[16]. Seemant and Seema have used indirect 

current control technique using PI controller in their 

work[17]. Arulkumar et al. presented a paper in which the 

proposed approach is only calculation of real power losses 

for extracting the three-phase reference currents for shunt 

active filters, evaluating their performance using a three 

phase, five level cascaded multilevel VSI based active 

filter with PI Controller in MATLAB[18]. Two different 

control methods has been proposed for SAPF based on 

proportional-integral (PI) controller and intelligent PI-

controller with ant colony optimization are presented in a 

paper by Brahim et al. [19]. In a paper by Akashkumar et 

al., the dynamic performance of the systems are Evaluated 

under different supply conditions and compared with the 

performances of the working with PI controller[20]. In 
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Gowtham and shobha’s paper, they have used a PI 

controller whose proportional and integral constants are 

being optimised using genetic and PSO algorithm[21].  In 

the same control strategy, PI controller was being replaced 

by fuzzy logic controller to improve the performance of 

system in a paper by Shuai Hao et al.[22]. In a paper by 

Yu Wang et al., the study investigates the inherent 

influence of a DC-link voltage controller on both DC-link 

voltage control and the compensation performance of a 

three-phase, four-wire SAPF[23]. Karuppannan and 

kamala kanta  presented a paper in which proportional 

integral (PI) or fuzzy logic controller (FLC) is used to 

extract the required reference current from the distorted 

line-current, and this controls the DC-side capacitor 

voltage of the inverter. The shunt APF is implemented 

with PWM-current controlled VSI and the switching 

patterns are generated through a novel adaptive-fuzzy 

hysteresis current controller (A-F-HCC)[24]. Benchouia et 

al. presented a paper that shows simulation and 

experimental comparative study of sliding mode controller 

(SMC) and proportional integral (PI) regulator based the 

control of the DC bus voltage of three phase SAPF[25]. 

Paper by Kishore et al. presents simpler control logic. It is 

the cycle-by-cycle reference current control mode by 

regulating DC link voltage. The hardware PI and PLL 

based sine wave generator was used to implement control 

algorithm[26].  

 

C. Instantaneous Reactive Power Theory 

Pragathi and Bharthi presented a paper in which a shunt 

active power filter based on instantaneous power theory 

has been studied. The objective is to study different 

control strategies for real time compensating current 

harmonics at different load conditions[27]. Ramya et al. 

presented a paper which says that the control of shunt 

active power filter is not only compensating harmonics but 

also compensate reactive power[28].  Jagdish Kumar et al. 

focused on the fact that voltage source Inverter based 

SAPF is used for mitigation of harmonics and the DC link 

capacitor is used as energy source element connected 

across theSAPF. Instantaneous reactive power theory(IRP) 

is used to control the operation of shunt APF[29]. A paper 

by Moinuddin and Sanker Ram envisages on the 

simulation of instantaneous active and reactive theory 

based SAPF with MATLAB/ simulink, as a better solution 

for reduction of the harmonics[30]. Aruna Jyothi and 

Narsimham’s paper says that IRP theory is used to identify 

the amount of compensating current injected into the 

network to compensate the reactive power required by 

non-linear loads and to bring the source current waveform 

as sinusoidal[31]. The instantaneous reactive power theory 

also known as p-q theory is used for most of the active 

power filters. SAPF for three phase three wire AC network 

is explained in a paper by Yogesh et al.[32]. In a paper by 

S Mikkili and A K Panda, control strategies for extracting 

the three-phase reference currents for shunt active power 

filters are compared, evaluating their performance under 

different source conditions with PI and fuzzy 

controllers[33, 40]. Mahni et al. presented a paper in 

which the work is to improve the quality of electric current 

in such networks. Four-wire shunt active filter is studied; 

different loads (balanced and unbalanced) are 

discussed[34]. Priya and Balu proposed a SAPF with IRP 

theory for its performance and ability to compensate the 

harmonics and reactive power [35]. Sujatha and 

Nagamalleshwar  studied SAPF using IRP theory fed to 

induction drives[36].  Priyanka and Minal have used an 

improved method for harmonic mitigation in their SAPF 

using IRP theory system[37]. For fast feasible operation of 

SAPF, Liacheng Zhu et al, used an improved 

instantaneous reactive power theory in their system[52].  

 

V. CONCLUSION 

Different control strategies for gate pulse generation in 

SAPF in recent years have been reviewed. These strategies 

were used to generate gate pulses for the IGBT/diodes of 

voltage source converter. The strategies were classified 

into three types viz, synchronous reference frame theory, 

DC link PI control theory and instantaneous p-q theory. 

Synchronous reference frame theory is utilized to extract 

the reference current from the distorted line current. The 

load currents are first converted in to α-β-0 Coordinates 

using Clarke’s Transformation and then in to d-q-0 

rotating coordinating system using Park’s Transformation. 

In DC link PI control theory the capacitor which is located 

on the DC bus of VSI is used as energy storage component 

for regulating voltage and delivering reactive power to the 

load. Instantaneous reactive power theory utilizes Clarke’s 

transformation to find the reference current of SAPF. The 

effectiveness of active power filter depends on accurate 

extraction of fundamental component of current waveform 

and fastness of control strategy. 
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