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Abstract 

The growing interest in power quality has led to variety of devices are designed for mitigating power disturbances such as  

harmonics caused due to different problems. By minimizing Total Harmonic Distortion (THD) the Harmonic Pollution will be 

reduced and Power Quality will be increased. Different types of load draw non - sinusoidal current from mains. This non - linear 

load appears to be the main source of harmonic distortion. Thus the main aim of shunt active filter that comprises of PI 

Controller, filter hysteresis current control loop and DC link capacitor is used to mitigate Total Harmonic Distortion (THD). 

Thus, in order to overcome these harmonic problems it is verified using MATLAB/SIMULINK package. Active filters are used 

to eliminate current harmonics near non – linear loads. Here the two methods are compared Instantaneous reactive power theory 

and sinusoidal theory. The results of both the methods are shown on the basis of the MATLAB/SIMULINK. Thus, following 

thesis gives the overview of the harmonic problems and its impact on power system and how shunt active filters mitigate these 

harmonics using MATLAB. 
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Power Quality is the major issue of the industry. Electronic devices and the non- linear loads are the major sources of the 

harmonics generation. Power quality in electrical system has become a major challenge for engineers to maintain the sinusoidal 

waveform in the system if there is any distortion come in the waveform is known as Harmonic in the system. As the current 

drawn from the supply no longer remains sinusoidal, the waveforms formed are of different frequencies.[4] Harmonics are the 

major cause of the power supply pollution.  

Harmonics causes the lowering of the power factor and increasing electrical losses causing premature equipment failure.  

In electrical power system rotating machine produces harmonics due to uneven distribution of flux in air gap this tends to no 

sinusoidal voltage and current generation in rotating machine such as synchronous machine. The arise of harmonic current in 

system is going to further distorted the system voltage that increasingly affect the system performance and give undesirable 

solution such of them are as overheating problems, mechanical and electrical oscillation in alternator and prime movers, failure 

of insulation problems, failure of control system and unpredictable behaviour of protection and relay connected in system etc.[3] 

Application of non - linear loads such as adjustable speed drive, electric arc furnaces and power conservation devices in power 

system results in power quality problems. Due to variety of non –linear loads and their problems different compensation systems 

are used.[3]The electronic equipment’s used in the system usually generate harmonics more than one. In all type of harmonics 

the tripled harmonics (3rd, 9th, 15th) are more severe. These harmonics produced bigger problem to engineers because they poses 

more distortion in voltage The harmonic produce in the system is minimized by the use of various filter configurations that are 

referring basically as ACTIVE FILTER & PASSIVE FILTER. Passive filters use passive components A combination such as 

resistors, inductors, and capacitors. A combination of passive components is tuned to the harmonic frequency that is to be 

filtered. Fig [1.1]..   

Due to the lower impedance of the filter in comparison to the impedance of the source, the harmonic frequency current will 

circulate between the load and the filter. This keeps the harmonic current of the desired frequency away from the source and 

other loads in the power system. If other harmonic frequencies are to be filtered out, additional tuned filters are applied in 

parallel. Applications such as arc furnaces require multiple harmonic filters, as they generate large quantities of harmonic 

currents at several frequencies. 

II. PROBLEM OCCURRENCE 

Design of improved power quality converter is necessary because the uncontrolled ac-dc converter suffers from operating 

problems of poor power factor, injection of harmonics into ac mains, variations in dc link voltage of input ac supply, equipment 

overheating due to harmonic current absorption, voltage distortion due to the voltage drop caused by harmonic currents flowing 

through system impedances, interference on telephone and communication line etc. So the circuit topologies such as passive 

filters, active filters, adaptive filter ac-dc converter, based improved power quality ac-dc converters are designed, modelled and 
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implemented. The main emphasis of this investigation has been on a compactness of configurations, simplicity in control, 

reduction in rating of components, thus finally leading to saving in overall cost. 

III. MAIN OBJECTIVE 

The objectives for this paper is:- 

 To study the Power Quality Issues arising due to increasing number of non – linear loads involving     high frequency 

switching devices. 

 To study the harmonic limitation standards for voltage and current waveforms for various utility purposes given by IEEE 

standards. 

 To study superior features of active filters over passive filters bring about their importance in power system.  

 To undergo through all the control methods of power quality improvement 

 To design control circuit based on soft computing techniques of artificial intelligence and compare against the traditional 

methods 

 To conclude with the adequate implementation of AI techniques  

IV. INTRODUCTION TO ACTIVE FILTERS 

Active harmonic filter reduces harmonics which are existing due to non – linear load in the power system as the non – linear load 

is connected to the generators and the motors which are nothing but the sources of harmonics to distort the current and the 

voltage waveform. Thus the active power filter is used to confiscate the distortion from the waveform and improve the power 

quality. Electronic controls monitor the line voltage and current, by precisely switching the power electronic devices the load 

voltage or current and force it to be sinusoidal. Active filters can be connected in such a way that, they correct power factor as 

well as harmonic distortion. 

V. SHUNT ACTIVE FILTER 

 
This is The most widely used configuration in the active filtering for harmonic reduction and power factor improvement. A shunt 

active filter consists of controllable voltage a  and current source inverter. The shunt active power filter acts as harmonic current 

source which injects an anti – phase but equal in magnitude of harmonic and reactive as that of non – linear load. As a result the 

currents contained in the load current are cancelled and the source current remains in sinusoidal and in phase with the respective 

phase to neutral voltage. The shunt active filter equipped with current minor loop is controlled to draw the compensating current 

𝑖𝑐 from the AC power source, so that it cancels the harmonics present in the load current 𝑖𝑙. 

VI. INSTANTANEOUS POWER CONTROL STRATEGY 

The first block calculates the instantaneous powers of the nonlinear load. The second block determines the behaviour of the shunt 

active filter. It selects the parts of the real and imaginary powers of the nonlinear load. The dc voltage regulator determines an 

extra amount of real power that causes an additional flow of energy to the dc capacitor in order to keep its voltage around a fixed 

reference value. This real power is added to the compensating real power 𝑝𝑐which, together with the compensating imaginary 
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𝑞𝑐, are passed to the current-reference calculation block. It determines the instantaneous compensating current references from 

the compensating powers and voltages. The power circuit of the shunt active filter consists of a three-phase voltage source 

converter made up of IGBTs and antiparallel diodes. The PWM current control forces the VSC to behave as a controlled current 

source. In order to avoid high di/dt, the coupling of a VSC to the power system must be made through a series inductor, 

commonly known as a commutation inductor or a coupling inductor. 

Parameters:  

Vab, Vbc, Vca=120V;  f=50Hz, 

Filter order=8; 

Passband Freq= 314Hz 

L=10mH; 

C=3.5µF 

Kp=0.1;   Ki=1 
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