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Abstract— Because of the nonlinear load and power 

electronics equipments fast switching, many problems are 

created in power system network. These power electronics 

equipments are very sensitive and costly so power quality 

issues are becoming stronger. So equipment will continue 

polluting the system more and more because of cost increase 

caused by the built-in compensation at now an age 

efficiency and cost are considered at same level. For 

overcome these types of problems and to improve the power 

quality active power filter are introduced and developed 

over the years. Among which shunt active power filter is 

used to eliminate load current harmonics and reactive power 

compensation. In this dissertation, three-phase shunt active 

power filter used to compensate harmonics and reactive 

power by nonlinear load to improve power quality is 

implemented for three-phase three wire systems. The 

advantage of this system is that it is based on linguistic 

description and does not require a mathematical model of 

the system. The process of compensation is depend on 

sensing line currents only, and an approach different from 

conventional methods, which require sensing of harmonics 

or reactive power components of the load. The main 

principal of MATLAB program to simulate the system 

operation and simulation results are presented under steady 

state conditions. These simulation results obtained shows 

the performance of better results. The Pulse Width 

Modulation (PWM) pattern generation is based on carrier 

less hysteresis based current control to obtain the switching 

signals to the voltage sourced PWM converter type. 

Key words: Active power Filter (APF), Four-Leg Voltage-

Source Inverter (VSI) Structure 

I. INTRODUCTION 

Power quality is a range of phenomena related to 

deterioration of current and voltage waveforms from ideal 

shape. Many definitions of power quality have been 

proposed, but variety of related phenomena is too wide to 

cover. In this thesis the term power quality is used with 

reference to parameters of voltage delivered to the load. The 

following sections will describe fundamental definitions 

related to supply voltage quality. 

It is defined as “any occurrence manifested in 

voltage, current, or frequency deviations that results in 

damage, upset, failure, or maloperation of end-use 

equipment.” Almost all Power Quality issues are closely 

related with PE in almost every aspect of commercial, 

domestic, and industrial application. Equipment using power 

electronic devise are residential appliances like TVs, PCs 

etc. business and office equipment like copiers, printers etc. 

The concept of shunt active power filtering was 

first introduced by using a shunt active power filter which 

consists of a filter inductor on ac side. With the help a 

control strategy it determines the required gate signal in real 

time, and forces the VSI to synthesize. 

Most of the pollution issues are occurred because 

of the nonlinear characteristics and fast switching of PE. 

Approx 10% to 20% of energy is processed by PE; the 

percentage is estimated to reach 60% to 70% by the year 

2012, due mainly to the fast growth of PE capability. 

Because of increase in such non-linearity low system 

efficiency and poor power factor. Hence it is very 

compulsory to reduce these undesirable features. Shunt 

passive filters, consist of tuned LC filters and/or high 

passive filters are used to minimise the harmonics and 

power capacitors are connected to improve the power factor 

(pf). But they have limitations of fixed compensation, large 

size and can also exile resonance conditions. Generally 

active power filters are viable alternative and convenient 

over the classical passive filters, to compensate harmonics 

and reactive power requirement of the non-linear loads. The 

basic aim of the active filtering is to solve these problems by 

combining with a much-reduced rating of the necessary 

passive components. The shunt active power filter based on 

current controlled voltage source type. 

Pulse Width Modulation type converter has been 

proved to be effective even when the load is highly non-

linear [1,4,11]. The active filters developed are based on the 

type of sensing harmonics [7,10,11] and var requirements of 

the non-linear load [1,3,12,17] and require complex control. 

Here scheme [10], in which the required 

compensating current is obtained by sensing load current 

which is again modified by sensing line currents only [8,13]. 

An instantaneous var compensator and harmonic suppressor 

system is proposed [13] without the using of voltage sensors 

but require complex hardware for current reference 

generator. 

II. METHOLOGY 

With a self-controlled dc bus type shunt-connected active 

power filter configuration, is similar to a static compensator 

(STATCOM). This STATCOM used for reactive power 

(var) compensation in power systems.  These types of shunt 

active power filters compensate load current harmonics by 

injecting equal-but opposite harmonic compensating current. 

The shunt active power filter operates as a current source 

injecting equal-but opposite the harmonic components 

generated by the load and it is phase-shifted by 180°. 
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Fig. 2.1: Shunt Active Power Filter 

A. Total Harmonic Distortion 

The THD is a measure of the effective value of the harmonic 

components of a distorted waveform. That is, it is the 

potential heating value of the harmonics relative to the 

fundamental. This index can be calculated for either voltage 

or current: 

THD = 
√∑   

     
   

  
 where    is the rms value of harmonic 

component h of the quantity M. The THD is related to the 

rms value of the waveform as follows: 

RMS = √∑   
      

    =   √      
  

The Distortion level of Total Harmonic is a very 

useful quantity for many applications. It can provide a good 

idea as how much extra heat will be realized when a 

distorted voltage is applied across a resistive load. And also 

it can give an information of the additional losses caused by 

the current flowing through a conductor. However, it is not a 

good indicator of the voltage stress within a capacitor 

because that it is related to the peak value of the voltage 

waveform, not its heating value. 

For describe voltage harmonic distortion The THD 

index is mostly used. At the time of the sample, harmonic 

voltages are almost referenced to the fundamental value of 

the waveform. The voltage THD is nearly always a 

meaningful number because fundamental voltage varies by 

only a few percent level. In a period of time variations in the 

THD often follow a distinct pattern representing nonlinear 

load activities in the system. The voltage THD variation 

over a 1-week period where a daily cyclical pattern is 

obvious. The voltage THD shown in Fig. 4.5 was taken at a 

13.2-kV distribution substation supplying a residential load. 

Normally high-voltage THD occurs during the early 

morning hours and at night since during these hours the 

nonlinear loads are relatively high as compared to the 

amount of linear loads. A 1-week observation period is often 

required to come up with a meaningful THD pattern since it 

is usually the shortest period to obtain representative and 

reproducible measurement results. 

III. DESIGN OF A POWER SYSTEMS 

A. Voltage Source Convertor 

There are many active power filter topologies use voltage 

source converters, which have a voltage source at the dc 

bus, mainly a capacitor, as an energy storage device. This 

topology, shown in Figure 3.1 converts a dc voltage to an ac 

voltage by gating the power semiconductor switches. For 

most applications requiring dynamic performance, pulse 

width modulation (PWM) most commonly used today. 

PWM techniques applied to a voltage source inverter consist 

of chopping the dc bus voltage to produce an ac voltage of 

an arbitrary waveform. Most of PWM techniques available 

to synthesize sinusoidal patterns or any arbitrary pattern. 

With PWM techniques, the ac output of the filter can be 

controlled as a current or voltage source device. 

 

 
Fig. 3.1: Voltage Source Converter 

Power quality problems can be very costly to some 

of industrial plants and important for security of strategic 

customers. These customers may require premium quality 

power, free of disturbances, called custom power. Solutions 

for power quality problems would include installation of 

compensation devices or stand-by energy sources on 

customer site. 

In Fig. 3.2 shows the basic compensation principle 

of a shunt active power filter. It controls to draw or supply a 

compensating current    from or to utility, so that it cancels 

or overcomes current harmonics on the AC side, and makes 

the source current in phase with the source voltage. Fig. 3.3 

shows the different waveforms. Curve A is the load current 

waveform and curve B is the desired mains current. Curve C 

shows the compensating current injected by the active 

power filter contains all the harmonics, to make mains 

current sinusoidal. 

 
Fig. 3.2: Shunt Active Power Filter Basic Compensation 

Principle 
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Fig. 3.3: Shunt Active Power Filter-Shapes of Load, Source 

& Desired Filter Current Wave Forms 

Researcher implemented power quality 

improvement in shunt active power filter for its highly 

efficient purpose and it also takes advantages of power 

quality. 

The filtering characteristics of the shunt passive 

filter are strongly influenced by the source impedance, 

which is not accurately known and varies with the system 

configuration. Transformer connections employing phase 

shift are sometimes used for cancellation of triplen (3rd, 9th, 

15th, etc.), 5th and 7th harmonic currents. 

IV. PROPOSED MODEL 

 
Fig. 4.11: Simulink model on Shunt Active Power Filter 

The objective of this model (figure 4.1) is to investigate the 

various control strategies of shunt active power filter based 

on voltage and current controller has been presented to 

mitigate the current harmonics. 

The block parameter of three phase source is 

shown in figure 4.2 in which phase to phase rms voltage, 

phase angle of phase A and frequency is shown. We assume 

these parameters for simulink of model. 

 
Fig. 4.2: Block Parameters of Three Phase Source 

In figure 4.3 shows the source voltage of the 

proposed shunt active power filter controlled conventional 

PI controller with MATLAB program. The three phase 

source voltages are assumed to be balanced and sinusoidal. 

 

 
Fig. 4.3: Source Voltage 

 
Fig. 4.4: Line Parameters 

Load with highly nonlinear characteristics is 

considered for the load compensation. The THD in the load 

current is 28.05%. The phase-a load current is shown in 

figure 4.5. The source current is equal to the load current 

when the compensator is not connected. 

Fig. 4.5: Load Current When the Compensator Is Not 

Connected 
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Fig. 4.6: DC Capacitor Voltage during Switch-On Response 

without PI Controller 

V. SIMULATION RESULT 

The compensator switched ON time-t is at 0.05s.  The 

integral time square error (ITSE) performance index is used 

for optimizing coefficients of the PI controller. The 

optimum values (K
p 

and K
i
) are found to be 0.5 and 1 

respectively, which corresponds to the minimum value of 

ITSE. Compensating currents of PI are shown in figure 5.1. 

 
Fig. 5.1: Compensating Load Current PI Controller 

 
Fig. 5.2: DC Capacitor voltage during Switch-On Response 

with PI Controller 

In figure 5.3 magnitude vs frequency graph is 

plotted for filter. 

 
Fig. 5.3: Magnitude vs Frequency Graph 

VI. CONCLUSION 

A shunt active power filter has been developed for power 

quality improvement. Lot of simulations are carried out to 

analyse the performance of the system. PI controller based 

Shunt active power filter are used for harmonic and reactive 

power compensation of the non-linear load. A program has 

been developed to simulate the PI controller based shunt 

active power filter in MATLAB. It is found from simulation 

results that shunt active power filter improves power quality 

of the power system by eliminating harmonics and reactive 

current of the load current, which makes the load current 

sinusoidal and in phase with the source voltage. The 

performance of both the controllers has been studied and 

compared. A model has been developed in MATLAB 

SIMULINK and simulated to verify the results. 

VII. FUTURE SCOPES 

By developing these type models to verify the simulation 

results for PI controllers experimental investigations can be 

done on these types of PE based shunt active power filters. 
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