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Abstract— Over the recent years, power quality has been 

given attention due to the intensively use of power 

electronic Controlled applications i.e. nonlinear load. The 

use of nonlinear load increasing day by day because it 

consumes less power as well as give some other benefits. 

Although these power electronics equipments make our life 

convenient, they inject harmonics into power system. 

Therefore the problem of Power Quality became very 

serious issue. The harmonics generated by the most common 

non-linear loads effects on amplitude and nature of source 

current hence the performance of the system. To overcome 

the above problems, new technique has been developed 

which is dynamic and adjustable solution to power quality 

problems. Such equipment is called an active filter and is 

able to compensate current and voltage harmonics. 
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I. INTRODUCTION 

When a nonlinear load such as rectifier is connected to the 

system, it draws a current that is not necessarily sinusoidal, 

this change in waveform occurs due to harmonics. Thus 

nonlinear load such as rectifiers, cyclo- converters, variable 

speed drives and arc furnaces, large decaying DC 

components, asymmetrical loads and other electrical 

equipment like television set, computer, fridge, CFL etc. can 

cause high disturbances on the power system. The following 

problems are caused by harmonics in the power system: 

 Harmonics increases losses hence heat increase 

 Harmonics causes interference with communication line 

 Failure of Transformer occurs 

 Capacitor bank failure occurs 

 Parallel and series resonance 

 RMS and peak value of current increases 

 Excessive losses and heating of induction, synchronous 

machine and other electrical equipment 

 Dielectric breakdown of insulated cables due to 

harmonic over voltages 

 Tripping of Circuit Breaker 

 Damage of sensitive electronic equipment 

 Lower order harmonics tend to dominate amplitude 

 Unstable and abnormal operation of protection and 

control system occurs 

 Also some indirect effects of harmonics such as cost, 

quality, efficiency and productivity of system 

Due to these all above problems, elimination of 

harmonics is important power quality issue. This problem of 

harmonics traditionally dealt with passive filters. However, 

passive filters have many drawbacks. Therefore, to 

compensate harmonics SAPF is developed which is dynamic 

and adjustable solution to power quality problems. 

A. Significance of Study 

As we know that the harmonics generated by nonlinear 

loads affects on amplitude and nature of source current 

hence the performance of system. Nonlinear loads cause 

high disturbances on power system. As explained in above 

point harmonics cause many problems like heat, losses, 

failure of electrical equipment and interference with 

communication system. So, elimination of harmonics is 

important issue and to solve this problem shunt active power 

filter (SAPF) came into action. Significance of SAPF can be 

understood as follows. Assume that load connected to 

system is drawing unbalanced harmonic current. In addition, 

the load power factor is poor. This will obviously lead to 

unbalance and distortion in other system quantities which is 

undesirable. Therefore, it important to install some 

corrective measures in system to solve above problem. It is 

well known that shunt capacitor is good solution for 

correcting poor power factor. Similarly tuned filter are also 

used with power electronic loads to bypass harmonic 

currents. The problem of load balancing also has to solve by 

some method. However, all these problems can be solved by 

single device which is called shunt active power factor 

(SAPF). Principle of SAPF is to inject current in the system 

which is equal and opposite in polarity to harmonic current. 

It has many advantages over passive filter like reactive 

power compensation, voltage regulation also SAPF is 

smaller, more versatile, more selective, better damped and 

less prone to failure. They are studied widely and great 

Developments have taken place in theory and application of 

active power filters. The performance of SAPF depends on 

control algorithm used for reference current generation 

which is then used as a reference for filter current. Finally, 

this filter current is used for compensation of harmonics. In 

this way, harmonic mitigation and improve power quality, 

voltage regulation, load current unbalance, power factor etc. 

of power system. 

II. FILTERS 

Presence of harmonics creates lots of problems for power 

system. We know the causes and effects of harmonics on 

power system. To overcome this harmonic problem passive 

filter is introduced. 

A. Passive Filter 

Passive filters have been most commonly used to limit the 

flow of harmonics currents in distribution system. They are 

usually custom designed for application. However, their 

performance is limited to a few harmonics and they can 

introduce resonance in the power system. 

Passive filters use reactive storage components, 

namely capacitors and inductors and they do not rely upon 

any type of external power source. In addition, they are not 
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going to rely on transistors or any other type of active 

components for working. The inductors will block high 

frequency signals and conduct low frequency signals. The 

capacitors are going to do just the opposites. By tuning these 

elements passive filters are designed to shunt harmonics 

from the lines or block their flow through some parts of 

system. They have some advantages such as simplicity, 

reliability, efficiency, and cost. These filters are tuned and 

fixed according to the impedance of the point at which they 

will be connected and hence cannot be adjusted 

instantaneously in accordance to the load. As a result their 

cutoff frequency changes unexpectedly after any change in 

the load impedance resulting in producing a resonance with 

other elements installed in the system. Other drawbacks are 

interference with communication system, they are heavy and 

bulky, overloaded when the load harmonics increase. These 

all drawbacks are overcome with the use of active power 

filters. 

Advantages of passive filter are 

 Simple 

 Reliable 

 Cost effective alternative. 

Disadvantages of passive filter are 

 It may cause series and load resonance 

 It gets overloaded when the load harmonics increase 

 They are heavy and bulky. 

 Their performance gets affected significantly due to 

variation in the filter component values, filter 

component tolerance, source impedance, and frequency 

of AC supply. 

B. Active Filter 

There are basically two types of active filters: the shunt type 

and the series type. Shunt active power filter is able to 

compensate for both current harmonics and power factor. 

Furthermore, it allows load balancing, eliminating the 

current in the neutral wire. Series active power filter is the 

dual of the shunt active filter, and is able to compensate for 

distortion in the power line voltages, making the voltages 

applied to the load sinusoidal (compensating for voltage 

harmonics). Depending on the particular application or 

electrical problem to be solved, active power filters can be 

implemented as shunt type, series type, or a combination of 

shunt and series active filters (shunt-series type). These 

filters can also be combined with passive filters to create 

hybrid power filters.  

The shunt-connected active power filter, with a 

self-controlled dc bus, has a topology similar to that of a 

static compensator (STATCOM) used for reactive power 

compensation in power transmission systems. Shunt active 

power filters compensate load current harmonics by 

injecting equal-but opposite harmonic compensating current. 

In this case the shunt active power filter operates as a 

current source injecting the harmonic components generated 

by the load but phase-shifted by 180°. 

Series active power filters were introduced by the 

end of the 1980s and operate mainly as a voltage regulator 

and as a harmonic isolator between the nonlinear load and 

the utility system. The series-connected filter protects the 

consumer from an inadequate supply voltage quality. This 

type of approach is especially recommended for 

compensation of voltage unbalances and voltage sags from 

the ac supply and for low-power applications and represents 

an economically attractive alternative to UPS, since no 

energy storage (battery) is necessary and the overall rating 

of the components is smaller. The series active filter injects 

a voltage component in series with the supply voltage and 

therefore can be regarded as a controlled voltage source, 

compensating voltage sags and swells on the load side. In 

many cases, series active filters work as hybrid topologies 

with passive LC filters. If passive LC filters are connected in 

parallel to the load, the series active power filter operates as 

a harmonic isolator, forcing the load current harmonics to 

circulate mainly through the passive filter rather than the 

power distribution system. The main advantage of this 

scheme is that the rated power of the series active filter is a 

small fraction of the load kVA rating, typically 5%. 

However, the apparent power rating of the series active 

power filter may increase in case of voltage compensation. 

The series-shunt active filter is a combination of 

the series active filter and the shunt active filter. The shunt 

active filter is located at the load side and can be used to 

compensate for the load harmonics. On the other hand, the 

series portion is at the source side and can act as a harmonic 

blocking filter. This topology has been called the Unified 

Power Quality conditioner. The series portion compensates 

for supply voltage harmonics and voltage unbalances, acts 

as a harmonic blocking filter, and damps power system 

oscillations. The shunt portion compensates load current 

harmonics, reactive power, and load current unbalances. In 

addition, it regulates the dc link capacitor voltage. The 

power supplied or absorbed by the shunt portion is the 

power required by the series compensator and the power 

required to cover losses.  

Hybrid power filters are a combination of active 

and passive filters. With this topology the passive filters 

have dynamic low impedance for current harmonics at the 

load side, increasing their bandwidth operation and 

improving their performance. This behavior is reached with 

only a small power rating PWM inverter, which acts as an 

active filter in series with the passive filter. Multilevel 

inverters are being investigated and recently used for active 

filter topologies. Three-level inverters are becoming very 

popular today for most inverter applications, such as 

machine drives and power factor compensators. The 

advantage of multilevel converters is that they can reduce 

the harmonic content generated by the active filter because 

they can produce more levels of voltage than conventional 

converters (more than two levels). This feature helps to 

reduce the harmonics generated by the filter itself. Another 

advantage is that they can reduce the voltage or current 

ratings of the semiconductors and the switching frequency 

requirements. The more levels the multilevel inverter has, 

the better the quality of voltage generated because more 

steps of voltage can be created. 

C. Shunt Active Power Filter 

The concept of using active power filters to mitigate 

harmonic problems and to compensate reactive power was 

proposed more than two decades ago. It has proven its 

ability to control the grid current and to ameliorate the 
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power quality. The theories and applications of active power 

filters have become more popular and have attracted great 

attention. SAPF appears to be a viable solution for reactive 

power compensation as well as for eliminating harmonic 

currents. As explained in above introduction SAPF is 

connected in parallel with the non-linear load to behave as 

another controlled non-linear load. The system of the non-

linear load and the SAPF will be seen by the grid as a linear 

load connected to the PCC. 

D. Basic Compensation Principle 

The basic principle of a shunt active power filter is that it 

generates a current equal and opposite in polarity to the 

harmonic current drawn by the load and injects it to the 

point of common coupling, thereby forcing the source 

current to be pure sinusoidal. Harmonic and reactive 

currents are thus cancelled at the source end and the result is 

undistorted sinusoidal balanced currents. 

Fig. 1 shows the basic compensation principle of 

shunt active power filter. It is controlled to supply a 

compensating current ic into the system, so that it cancels 

current harmonics on the AC side, and makes the source 

current in phase with source voltage as explained in above 

principle. Fig. 2 shows 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 filter containing all the harmonics, to make 

mains current sinusoidal. 

In this way, by eliminating harmonics from power 

system shunt active power filter plays an important role in 

power quality improvement. It also helps in reactive power 

compensation, voltage regulation etc. Shunt active power 

filter is smaller, more versatile, more selective, better 

damped and less prone to failure as explained in first 

chapter. Due to these advantages SAPF is most widely used 

solution for power quality problem. 

 
Fig. 1: Block diagram of Shunt Active Power Filter 

 
Fig. 2: Shunt active power filter-Shapes of load, source and 

desired filter current waveforms 

III. ESTIMATION OF REFERENCE SOURCE CURRENT 

In the above point we have seen that SAPF generates the 

filter current and injects into the system. In order to generate 

this filter current i.e. harmonic current which is to be 

injected into system, reference current is required. Reference 

current is calculated by special technique/control algorithm, 

this technique is called as reference current generation 

technique. The performance of SAPF depends on control 

algorithm used for extraction of reference current. This 

reference current generation technique is heart of SAPF. 

Many reference current generation methods have been 

proposed by researcher. They can be divided into two types 

namely, time domain technique and frequency domain. 

Time domain techniques are more familiar than frequency 

domain. Some of the methods of time domain techniques are 

based on the instantaneous active and reactive power and 

some other are based on the calculation of direct and 

indirect current components. Recently, the neural networks 

and the adaptive linear neural networks have been used in 

the extraction of harmonic components of current and 

voltage. Work is still going on new techniques of reference 

current generation of shunt active power filter. 
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