
International Journal of Electrical, Electronic and Communication Sciences

ISSN: 2517-9438

Vol:8, No:5, 2014

808

 

 

  

Abstract—Due to the increased use of the power electronic 

equipment, harmonics in the power system has increased to a greater 

extent. These harmonics results a poor power quality causing a major 

effect on the customers. Shunt active filters (SHAF) are used for the 

mitigations of the current harmonics and to maintain constant DC 

link voltage. PI and Fuzzy logic controllers (FLC) were used to 

control the performance of the shunt active filter under both balance 

and unbalance source voltage condition. The results found were not 

satisfying the IEEE-519 standards of THD to be less than 5%. 

Hysteresis band current control was used to obtain the gating signals 

for SHAF, though it has some drawbacks and thus to obtain a better 

performance of the SHAF to mitigate the harmonics, adaptive 

hysteresis band current control scheme is implemented. Adaptive 

hysteresis based SHAF is used to obtain better compensation of 

current harmonics and to regulate the DC link voltage in a better way. 

 

Keywords—DC Link Voltage, Fuzzy Logic Controller, Adaptive 

Hysteresis, Harmonics, Shunt Active Filter. 

I. INTRODUCTION 

HE power quality has been an important and growing 

problem because of the proliferation of nonlinear loads 

such as power electronic converters in typical power 

distribution systems in recent years. Particularly, voltage 

harmonics and power distribution equipment problems result 

from current harmonics produced by nonlinear loads [1]-[5]. 

Problems caused by power quality have great adverse 

economic impact on the utilities and customers. Power quality 

has become more and more serious with each passing day. 

In the earlier research on power quality, hysteresis band 

current controller based SHAF for PI and FLC controller [5], 

[8] under balanced voltage source and unbalanced voltage 

source was considered which worked effectively enough to 

mitigate the harmonics that causes enormous economic loss 

every year [6]-[13]. Though this controller was working 

 
Ravit Gautam is an undergraduate at the National Institute of Technology  

Goa, Ponda, India. (Phone: +919404910239; e-mail: 
ravitgautam786@gmail.com). 

Dipen A. Mistry is an undergraduate at National Institute of Technology 

Goa, Ponda, India. (Phone: +918275386222; e-mail: 

damistry10090@gmail.com). 
Manmohan Singh Meena is an undergraduate at the National Institute of 

Technology Goa, India (Phone: +919665130157; e-mail: 

msmeena87@gmail.com).  
Bhupelly Dheeraj is an undergraduate at the National Institute of 

Technology Goa, Ponda, India (Phone: +917507235840; e-mail: 

bdheeraj4112@gmail.com).  
Dr. Suresh Mikkili was with the National Institute of Technology 

Rourkela, Orissa-769008, India. He is now with the department of Electrical 

and Electronics Engineering, National Institute of Technology Goa, Ponda-
403401, Goa, India (Corresponding Author: phone: +917588133009; e-mail: 

mikkili.suresh@nitgoa.ac.in). 

properly to mitigate harmonics to a larger extend but the 

results were not matching the standards of IEEE-519, 

according to which the THD content of any power system 

should be below 5% [1], [2]. Hence the results show the 

failure of hysteresis band current controller [7], [13] in 

obtaining the perfect or so called perfect harmonics mitigation. 

The controller has some drawbacks such as modulation 

frequency, varies in a band and, as a result, generates non-

optimal current ripple in the load. Thus we need to have a 

controller which does not have variable modulation frequency 

and thus we go for adaptive hysteresis band current controller 

[7]. 

The controller selected for the mitigation of the harmonics 

should also be able to maintain the DC link voltage to a 

constant value. It should be also noted that the controller along 

with the SHAF should be able to maintain the real power 

requirement of the system and hence, adaptive hysteresis band 

current controller [6] is selected and the results obtained under 

various loading conditions for various supply is studied. The 

THD results obtained by the Hysteresis band current controller 

based SHAF for PI and FLC under balanced voltage source 

and unbalanced voltage source makes us understand that the 

THD mitigation for SHAF for FLC controller for balanced 

voltage source is quite better than the THD mitigation 

obtained for SHAF for FLC controller for unbalanced voltage 

source condition [1], [4].  

In adaptive hysteresis band current controller the band is 

modulated with system parameters to maintain the modulation 

frequency to nearly constant. It changes the hysteresis band 

current controller’s bandwidth as a function of reference 

compensator current variation to optimize switching frequency 

and THD of supply current. The switching variation depends 

on the rate of change of current from the upper limit to the 

lower limit or even from lower the limit to the upper limit. The 

MATLAB/SIMULINK results obtained after replacing 

Hysteresis band current controller with Adaptive Hysteresis 

band current controller are far better and satisfy the IEEE-519 

standard of THD, according to which the amount of THD in 

any power system should be less than 5%, so that the system 

remains stable and overall economic losses can be reduced to 

a much larger extend than earlier. Further, after the clear 

information regarding the behavior of the waveforms of 

outputs, it was concluded that Adoptive Hysteresis band 

current controller is the best controller for the mitigation of 

harmonics. 

Here we are dealing with current harmonics [3] so we will 

use SHAF instead of series filters which are used for 

mitigation of voltage harmonics. The SHAF used here along 
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with adaptive hysteresis band current co

FLC is Voltage-fed-type APF. It has a self

with a large DC capacitor. It is lighter cheaper than Current

fed-type APF and unlike Current-fed-type APF, Voltage

type APF [11], [12] can be expandable to multilevel or 

multistep versions to enhance the performance with lower 

frequency and hence it is more commonly used.

 

Fig. 1 SHAF for Three-phase, Three-

 

Fig. 1 shows the schematic diagram SHAF

Three-phase Three-wire system along with the three phase 

non-linear load. Due to the non-linearity in the load the source 

voltage and source current is affected, unity power factor is 

disturbed. The SHAF injects the compensating current so that 

source current becomes purely sinusoidal and the power factor 

is maintained at unity. The SHAF has three

voltage source inverter (VSI), interface inductor and a DC bus 

capacitor [12]. The SHAF is controlled to obtain the best 

performance and thus PI controller as well as FLC [5

used. The performance of SHAF is studied under balanced and 

unbalanced source voltage condition for normal load and 

increase load. The results show that the contr

SHAF offered by the FLC is much better than the controlling 

offered by the PI controller. When the source voltage is 

balanced, both the controller offers the same amount of 

compensation, a minimal change is observed, but when the 

source voltages are unbalanced, the FLC offers an outstanding 

compensation as compared to the PI controller.

In this work, controlling of the SHAF

controller and FLC with triangular membership function is 

analyzed and studied. In Section I, the types of 

filters and the compensation principle of the

are explained. Section II focuses on the of the DC link voltage 

regulation in the shunt active filter and Ada

band current controller. Section III includes the simulat

part and followed by Section IV which deals with the res

and its analysis. Section V gives the final conclusion of this 

paper followed by references.  

 

rent controller for PI and 

type APF. It has a self-supporting DC bus 

with a large DC capacitor. It is lighter cheaper than Current-

type APF, Voltage-fed-

can be expandable to multilevel or 

multistep versions to enhance the performance with lower 

frequency and hence it is more commonly used. 

 

-wire system 

SHAF [5], feeding a 

wire system along with the three phase 

linearity in the load the source 

affected, unity power factor is 

SHAF injects the compensating current so that 

source current becomes purely sinusoidal and the power factor 

has three-leg IGBT based 

voltage source inverter (VSI), interface inductor and a DC bus 

controlled to obtain the best 

PI controller as well as FLC [5], [9] are 

SHAF is studied under balanced and 

unbalanced source voltage condition for normal load and 

increase load. The results show that the controlling of the 

offered by the FLC is much better than the controlling 

offered by the PI controller. When the source voltage is 

balanced, both the controller offers the same amount of 

compensation, a minimal change is observed, but when the 

offers an outstanding 

compensation as compared to the PI controller.  

lling of the SHAF using the PI 

with triangular membership function is 

, the types of the power 

ciple of the voltage fed SHAF 

of the DC link voltage 

the shunt active filter and Adaptive Hysteresis 

includes the simulation 

which deals with the results 

gives the final conclusion of this 

II. POWER 

A. Shunt Active Power Filters

The presence of harmonics in the system gives 

take measures against their existence and hence power filters 

are designed so that the harmonics reduction is done and the 

DC link voltage regulation is also possible. When there is a 

change in load demand, the DC link voltage

and hence the power filters work and maintain the DC link 

voltage to the constant and also nearer to the reference voltage

[2], [7]. Power filters were initially bulky consisting of large 

LC filters or a bank of capacitance which were known as 

passive filters. They were cheap, easy to design and have high 

efficiency but they have several 

they are bulky, the tuning frequency is not accurate, unable to 

mitigate multiple order harmonics content and they require a 

lot of calculations. Hence after the intr

electronics, active power filters were

advantages were far more than those obtained by passive 

power filters. The active power fi

tuning frequency is accurate. It ev

of multiple order and DC link voltage regulation possible

disadvantage of active power filters is that they sometimes 

generate internal harmonics due to the presence of power 

electronics devices in them. 

into three categories, they are: series 

power filters and hybrid power 

are used to mitigate the problems of the voltage harmonics and 

are placed in series with the power system

active filter is used to mitigate the current harmonics present 

in the system and they are placed in the system at a point of 

common coupling (PCC). The hybrid filters are used to 

mitigate the current as well as the voltage harmonic

in the power system.  

B. Voltage-Fed-type SHAF Compensation Principle

The APF [11] is controlled by using both controllers, 

draw/supply the compensating current from/to the load to 

cancel out the current harmonics on AC side, to maintain the 

DC link voltage constant by maintaining the real power flow 

in the system and reactive power flow from/to the source, 

thereby making the source current in phase with source 

voltage.  

Fig. 2 shows the basic compensation principle of the 

voltage fed shunt active power filter 

present, it becomes an energy storage element to supply the 

real power difference between load and source during the 

transient period. The shunt active filters are also used for 

reactive power compensation, unbalance current compen

(for 3 phase systems) and neutral current compensation (for 3 

phase 4 wire systems) [7]-[9]. When the load changes the real 

power in the system too changes, thus the real power 

disturbance is cleared by the DC link capacitor and in doing so 

the voltage across the DC link capacitor changes away from 

the reference voltage. 

 

OWER FILTERS 

Active Power Filters 

The presence of harmonics in the system gives enables us to 

take measures against their existence and hence power filters 

are designed so that the harmonics reduction is done and the 

DC link voltage regulation is also possible. When there is a 

change in load demand, the DC link voltage [12] is disturbed 

ilters work and maintain the DC link 

voltage to the constant and also nearer to the reference voltage 

. Power filters were initially bulky consisting of large 

LC filters or a bank of capacitance which were known as 

ilters. They were cheap, easy to design and have high 

efficiency but they have several disadvantages too, such as 

tuning frequency is not accurate, unable to 

mitigate multiple order harmonics content and they require a 

ns. Hence after the introduction of power 

ctive power filters were developed and the 

advantages were far more than those obtained by passive 

ctive power filters are small in size and the 

tuning frequency is accurate. It even mitigates the harmonics 

of multiple order and DC link voltage regulation possible. The 

disadvantage of active power filters is that they sometimes 

generate internal harmonics due to the presence of power 

 Power filters are further divided 

into three categories, they are: series power filters, shunt 

power filters. The series active filters 

are used to mitigate the problems of the voltage harmonics and 

are placed in series with the power system [8],[9]. The shunt 

active filter is used to mitigate the current harmonics present 

in the system and they are placed in the system at a point of 

common coupling (PCC). The hybrid filters are used to 

mitigate the current as well as the voltage harmonics present 

F Compensation Principle 

ntrolled by using both controllers, to 

draw/supply the compensating current from/to the load to 

cancel out the current harmonics on AC side, to maintain the 

nstant by maintaining the real power flow 

in the system and reactive power flow from/to the source, 

thereby making the source current in phase with source 

Fig. 2 shows the basic compensation principle of the 

voltage fed shunt active power filter and due to the capacitor 

present, it becomes an energy storage element to supply the 

real power difference between load and source during the 

transient period. The shunt active filters are also used for 

reactive power compensation, unbalance current compensation 

(for 3 phase systems) and neutral current compensation (for 3 

[9]. When the load changes the real 

power in the system too changes, thus the real power 

disturbance is cleared by the DC link capacitor and in doing so 

voltage across the DC link capacitor changes away from 
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Fig. 2 Compensation Principle of a Voltage

 

The peak value of the reference source current can be 

obtained by regulating the average voltage of the DC capacitor

and if it attains the reference voltage, the real power supplied 

by the source is supposed to be equal to that consumed by the 

load again. 

III. DC LINK VOLTAGE

A. DC Link Voltage Regulation 

The frequent varying of load disturbs the real power 

flowing in the system which needs to be stabilized again.

capacitor and hence the DC link voltage also changes.

active power flowing into the filter can be controlled in such a 

way that it is equal to the losses inside the filter, the DC link 

voltage can be maintained at the desired value. 

purpose of the active power filter is to eliminate the current 

harmonics in the system and also to maintain the DC link 

voltage value to be constant by proper DC link voltage 

regulation. This paper represents the control offered by two 

different controllers namely PI controller which is a linear 

controller and Fuzzy Logic Controller [8], [

linear controller to control the adaptive hysteresis 

active filter (SHAF). 

B. Adaptive Hysteresis Band Current Controller

In an adaptive hysteresis band current controller the band is 

modulated with the system parameters to maintain the 

modulation frequency to be nearly constant

hysteresis bandwidth as a function of reference 

current variation to optimize switching frequenc

the supply. The adaptive hysteresis band current controller 

changes the hysteresis bandwidth according to the modulation 

frequency, supply voltage or DC capacitor voltage. The 

switching frequency of the hysteresis band current control 

method depends on how fast the current changes from the 

upper limit of the hysteresis band [13] to the lower limit of the 

hysteresis band or vice versa. The rate of change of actual 

active power filter line current vary the switching frequency, 

 

 

Voltage-Fed-Type SHAF 

he peak value of the reference source current can be 

age voltage of the DC capacitor 

and if it attains the reference voltage, the real power supplied 

by the source is supposed to be equal to that consumed by the 

OLTAGE 

The frequent varying of load disturbs the real power 

system which needs to be stabilized again. The 

capacitor and hence the DC link voltage also changes. If the 

active power flowing into the filter can be controlled in such a 

way that it is equal to the losses inside the filter, the DC link 

intained at the desired value. Thus the main 

purpose of the active power filter is to eliminate the current 

harmonics in the system and also to maintain the DC link 

voltage value to be constant by proper DC link voltage 

e control offered by two 

namely PI controller which is a linear 

], [9] which is a non-

adaptive hysteresis based shunt 

and Current Controller 

band current controller the band is 

modulated with the system parameters to maintain the 

modulation frequency to be nearly constant [7]. It changes the 

hysteresis bandwidth as a function of reference compensator 

variation to optimize switching frequency and THD of 

band current controller 

changes the hysteresis bandwidth according to the modulation 

frequency, supply voltage or DC capacitor voltage. The 

ng frequency of the hysteresis band current control 

method depends on how fast the current changes from the 

to the lower limit of the 

hysteresis band or vice versa. The rate of change of actual 

ne current vary the switching frequency, 

thus the switching frequency remains constant throughout the 

switching operation. Adaptive Hysteresis control strategies are 

much better in controlling the active power filters by 

providing proper gating signals whi

as the modulation frequency do not vary much and the signals 

are generated as per the rate of change of source current.

 

Fig. 3 Adaptive Hysteresis block

Fig. 4 Adaptive hysteresis band current controller

From Fig. 4 we have the equation 
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From the Fig. 4 it is clear that
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t1 & t2 are the respective switching intervals and fc is the 

switching frequency. 
Adding (3) and (4) and substituting in
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thus the switching frequency remains constant throughout the 

Adaptive Hysteresis control strategies are 

much better in controlling the active power filters by 

providing proper gating signals which are generated perfectly 

as the modulation frequency do not vary much and the signals 

are generated as per the rate of change of source current. 

 

3 Adaptive Hysteresis block 

 

 

4 Adaptive hysteresis band current controller 

 

we have the equation  

                         (1) 

                                       (2) 

it is clear that 

                                     (3) 

                                          (4) 

                                           (5) 

t1 & t2 are the respective switching intervals and fc is the 

3) and (4) and substituting in (5), we get 

� 0                                       (6) 
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Substituting (4) from (3), we get 

 

4�� � �	
�����

�� � ��
�����

�� ���	 � ��� �����
��                     (7) 

 

Substituting (2) in (7), we get 
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Substituting (2) in (6), we get 
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Substituting (9) in (8), we get 
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Thus from the above equations we can develop the 

hysteresis band. Fig. 3 shows the block diagram of the 

adaptive hysteresis controller in which the difference between 

the actual current and reference current is measured. This 

difference current measured is given in the form of pulses to 

control the working of the active power filters. 

 Fig. 4 shows adaptive hysteresis band current controller 

and it is the modulation frequency which is maintained 

constant. There is no phase or amplitude error over a wide 

range of range of output frequency for Adaptive Hysteresis 

control strategy and the dynamic response of the system is 

boosted with much greater stability to the system. Adaptive 

hysteresis with fixed band which derives the switching signals 

of three phase IGBT based VSI is used because the switching 

of IGBT device should be such that the error signal should 

approach to zero, thus to provide quick response in order to 

get the accurate control. The switching signals are produced 

directly when the error exceeds an assigned tolerance band. 
The controller generates the sinusoidal reference current of 

desired magnitude and frequency that is compared with the 

actual motor line current. If the current exceeds the upper limit 

of the hysteresis band [7], [13], the upper switch of the 

inverter arm is turned off and the lower switch is turned on. As 

a result, the current starts to decay. If the current crosses the 

lower limit of the hysteresis band, the lower switch of the 

inverter arm is turned off and the upper switch is turned on. As 

a result, the current gets back into the hysteresis band. Hence, 

the actual current is forced to track the reference current 

within the hysteresis band. 

IV. SIMULATIONS 

The three-phase three-wire system with a non-linear load is 

equipped with shunt active filter for mitigating the current 

harmonics using adaptive hysteresis band current controller. 

PI controller and FLC are used to control the shunt active filter 

under balanced and unbalanced source voltage condition for 

normal load as well as increase load. Table I shows the system 

parameters of the balance source voltage condition circuit that 

has been analyzed and Table II shows the system parameters 

of the Unbalance source voltage condition circuit that has been 

analyzed. Simulations results of PI and FLC controller are 

generated for the better understanding of the system so that the 

stability of the system is maintained good by providing the 

compensating current and the losses can be reduced. 

A. Performance of FLC Based SHAF Under Balanced 

Sinusoidal Condition Using Adaptive Hysteresis Band Current 

Control Scheme: 

Fig. 5 highlights the performance of FLC based SHAF 

underbalanced Sinusoidal conditions, using MATLAB/ 

SIMULINK. As load is highly inductive, current draw by load 

is integrated with rich harmonics. Fig. 6 gives the details of 

source voltage, load current, compensation current, source 

current with filter, DC link voltage, THD (total harmonic 

distortion) of FLC using MATLAB under un-balanced 

sinusoidal supply voltage conditions. 

Table I gives the system parameters for balance condition 

with FLC. The SHAF is controlled using the FLC so that it 

offers better current harmonics compensation and better DC 

link voltage regulation. It is seen from Fig. 5 that the load 

current is highly distorted and this load current also affects the 

source current and thus compensating current has to be given 

so that it cancels out the harmonic and sinusoidal current is 

obtained. It is shown in Fig. 6 that the THD value under 

balanced source voltage condition with increased load 

condition is less than 5%, as mentioned in IEEE standard-519 

but to reduce it further a new approach is needed and thus 

instead of hysteresis band current control scheme, Adaptive 

hysteresis band current control scheme is implemented. The 

current harmonics mitigation obtained using the Adaptive 

hysteresis is much better than the current harmonics mitigation 

obtain using Hysteresis band current control scheme. 

 

TABLE I 

SYSTEM PARAMETERS FOR BALANCED CONDITION 

Specifications Units 

Source voltage of phase A 230 V 

Source voltage of phase B 230 V 

Source voltage of phase C 230 V 

Smoothing resistance 0.1 Ω 

Smoothing reactance 0.15 mH 

DC link capacitor 2 mF 

Sample interval 0.00001 S 

Normal load resistance 6.7 Ω 

Normal load reactance 20 mH 

Increased load resistance 6.7 Ω 

Increased load reactance 100 mH 

Step input 0.3 S 

FIS type for FLC 

Membership function for FLC 
Implication for FLC 

Mamdani 

5X5 Triangular 
Min 

Deffuzification Centroid 

V = voltage, Ω = ohm, H = henry, F = faraday, S = second. 
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(a)        

Fig. 5 PI controller based SHAF response under:

condition using Adaptive hysteresis for normal load,

 

         (b)            

PI controller based SHAF response under: (a) Balanced source voltage condition without controller,

condition using Adaptive hysteresis for normal load, (c) Balanced source voltage condition using Adaptiv

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   (c) 

(a) Balanced source voltage condition without controller, (b) Balanced source voltage 

aptive hysteresis for increased load 
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(a)                (b)              (c) 

Fig.6 FLC based SHAF response under: (a) Balanced source voltage condition without controller, (b) Balanced source voltage condition using 

Adaptive hysteresis for normal load, (c) Balanced source voltage condition using Adaptive hysteresis for increased load 

 

B. Performance of PI Controller Based SHAF under Un-

Balanced Sinusoidal Condition Using Adaptive Hysteresis 

Band Current Control Scheme: 

Fig. 7 highlights the performance of PI controller based 

SHAF under un-balanced sinusoidal conditions, using 

MATLAB/SIMULINK. As load is highly inductive, current 

draw by load is integrated with rich harmonics. Fig. 7 gives 

the details of source voltage, load current, compensation 

current, source current with filter, DC Link Voltage, THD of 

PI controller using MATLAB under un-balanced sinusoidal 

supply voltage conditions. 
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(a)                (b)              (c) 

Fig. 7 PI controller based SHAF response under: (a) Unbalanced source voltage condition without controller, (b) Unbalanced source voltage 

condition using Adaptive hysteresis for normal load, (c) Unbalanced source voltage condition using Adaptive hysteresis for increased load 
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(a)                (b)              (c) 

Fig. 8 FLC controller based SHAF response under: (a) Unbalanced source voltage condition without controller, (b) Unbalanced source voltage 

condition using Adaptive hysteresis for normal load, (c) Unbalanced source voltage condition using Adaptive hysteresis for increased load 

 

Table II gives the system parameters for balance condition 

with PI controller. The SHAF is controlled using the PI 

controller so that it offers better current harmonics 

compensation and better DC link voltage regulation. It is seen 

from Fig. 7 that the load current is highly distorted and this 

load current also affects the source current and thus 

compensating current has to be given so that it cancels out the 

harmonic and sinusoidal current is obtained.  

It is shown in Fig. 8 that the THD value under un-balance 

source voltage condition with increased load condition is quite 

more and thus to reduce it and to make it less than 5%, a new 

approach is needed and thus instead of hysteresis band current 

control scheme, Adaptive hysteresis band current control 

scheme is implemented. The current harmonics mitigation 

obtained using the Adaptive hysteresis is much better than the 

current harmonics mitigation obtain using Hysteresis band 

current control scheme. 
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TABLE II 

SYSTEM PARAMETERS FOR UNBALANCE CONDITION 

Specifications Units 

Source voltage of phase A 200 V 

Source voltage of phase B 230 V 

Source voltage of phase C 250V 

Smoothing resistance 0.1 Ω 

Smoothing reactance 0.15 mH 

DC link capacitor 2 mF 

Sample interval 0.00001 S 

Normal load resistance 6.7 Ω 

Normal load reactance 20 mH 

Increased load resistance 6.7 Ω 

Increased load reactance 100 mH 

Step input 0.3 S 

FIS type for FLC 

Membership function for FLC 

Implication for FLC 

Mamdani 

5X5 Triangular 

Min 
Deffuzification Centroid 

V = voltage, Ω = ohm, H = henry, F = faraday, S = second. 

 

V. RESULT AND ANALYSIS 

The results obtained from the simulation shows that the 

compensation offered by PI controller as well as by fuzzy 

logic controller is same (though THD of FLC is bit less) when 

the source voltage is balanced (ideal). When the source 

voltage is unbalanced (non-ideal), it is observed that the 

compensation offered by the FLC is much better than the PI 

controller.  

 

 

Fig. 9 THD graph for balance condition using PI controller and FLC 

with Adaptive Hysteresis 

 

The THD for normal load under balance condition using PI 

controller is 4.78% and using the FLC it is 3.07%. The THD 

for increased load under balance condition using PI controller 

is 5.16% and using the FLC it is 4.27%. The THD for normal 

load under unbalanced condition using PI controller is 5.20% 

and using FLC it is 4.86%. The THD for increased load under 

unbalance condition using PI controller is 5.40% and using 

FLC it is 4.97%. The THD value should be less than 5% as per 

IEEE-519 standards. It is seen from the simulation results that 

THD value is less than 5% under balance condition and 

unbalanced condition using FLC and nearly 5% under 

unbalance condition, using the PI. Thus it is clear that 

Adaptive Hysteresis gives outstanding results in THD 

mitigation and DC link voltage regulation. 
 

 

Fig. 10 THD graph for un-balance condition using PI controller and 

FLC with Adaptive Hysteresis 

VI. CONCLUSION 

In the present work two controllers, PI controller and fuzzy 

logic controllers are used to control the adaptive hysteresis 

based shunt active filter (here voltage fed is used as current 

harmonics are there), which is used to compensate the current 

harmonics. The simulation results showed that, even if the 

supply voltage is unbalanced (non-ideal) the performance of 

adaptive hysteresis based SHAF using FLC with triangular 

MF comfortably outperformed the results obtained using 

adaptive hysteresis based SHAF with PI controller. The THD 

value offered by the SHAF when controlled by FLC (with 

triangular MF) is much less as compared to the THD value 

obtained using PI controller. Thus it can be concluded that 

FLC offers a better controlling to the shunt active filter than 

the PI controller. 

While considering the SHAF with FLC, the SHAF has been 

found to meet the IEEE 519-1992 standard recommendations 

on harmonic levels, making it easily adaptable to more severe 

constraints such as unbalanced supply voltage. The DC bus 

voltage of SHAF is almost maintained at the reference value 

under non-ideal conditions, which confirm the effectiveness of 

the Fuzzy logic controller. 

REFERENCES 

[1] Mistry, D.; Dheeraj, B.; Gautam, R.; Meena, M. Mikkili, S. (2014), 

'Power Quality Improvement Using PI and Fuzzy Logic Controllers 
Based Shunt Active Filter', World Academy of Science, Engineering and 

Technology, International Science Index 88, International Journal of 

Electrical, Electronic Science and Engineering, 8(4), 11 - 20. 
[2] H. Rudnick, Juan Dixon and Luis Moran, “Active power filters as a 

solution to power quality problems in distribution networks, ”IEEE 

power & energy magazine, pp. 32-40, Sept./Oct. 2003. 
[3] A. Mansoor, W.M. Gardy, P. T. Staats, R. S. Thallam, M. T. Doyle, and 

M. J. Samotyj, “Predicting the net harmonic current produced by large 

numbers of distributed single phase computer loads.” IEEE Trans. 
Power Delivery, Vol.10, pp. 2001-2006, 1994. 

[4] Parmod Kumar, and Alka Mahajan, “Soft Computing Technics for the 

control of an Active Power Filter,” IEEE Transaction on Power 
Delivery, Vol. 24, No. 1, Jan. 2009. 



International Journal of Electrical, Electronic and Communication Sciences

ISSN: 2517-9438

Vol:8, No:5, 2014

817

 

 

[5] Suresh Mikkili, and A. K. Panda, “Performance analysis and real-time 

implementation of shunt active filter current control strategy with type-1 

and type-2 FLC triangular M.F,” International Transactions on Electrical 
Energy Systems – John Wiley, Vol. 24, Issue 3, pp. 347–362, March 

2014. 

[6] S Bhattacharya and D. M. Divan, “Hybrid series active/parallel passive 
power line conditioner with controlled harmonic injection,” U. S. patent 

5 465 203, Nov. 1995. 

[7] FatihaMekri, Mohamed Machmoum, Nadia Ait Ahmed, Benyounes 
Mazari, “A Fuzzy hysteresis voltage and current control of An Unified 

Power Quality Conditioner,” in proc. 34th Annual Conference of IEEE 

IECON, pp. 2684 – 2689, 2008. 
[8] SureshMikkili, Panda AK. Real-time implementation of PI and fuzzy 

logic controllers based shunt active filter control strategies for power 

quality improvement. Int J Elect Power Energy Sys 2012:43(1):1114-26. 
[9] SureshMikkili, Panda AK. PI and fuzzy logic controller based 3-phase 

4-wire Shunt active filter for mitigation of Current harmonics with Id-Iq 

control strategy. J Power Electron (JPE) 2011:11(6):914-21. 
[10] Akagi H, Watanabe E H, Aredes M. Instanteneous Power Theory and 

Applications to power Conditioning. New Jersey: IEEE Press/Wiley 

Interscience, 2007 
[11] D. D. Shipp, “Harmonic analysis, suppression for electrical systems 

supplying static power converters other nonlinear loads,” IEEE Trans. 

Ind. Applicat., vol. 15, pp. 453–458, Sept./Oct. 1979.  
[12] M. Rukonuzzaman and M. Nakaoka, “Single-phase shunt active power 

filter with harmonic detection,” IEE. Proc. Electric power Applications, 

Vol. 149, No. 05, 2002. 
[13] F.M. Uriarte, “Hysterisis Modeling by Inspection,” in proc. 38th North 

American Power Symposium, pp. 187 – 191, 2006. 

 
 

 

Ravit Gautam was born in Silvassa, Dadra & Nagar Haveli, 
India on 10th January 1993. He is an undergraduate student at 

Department of Electrical & Electronics Engineering, National 

Institute of Technology Goa., Ponda, Goa, India. He will 
receive his B. Tech degree in June 2014. His major fields of 

interest are power electronics, power systems, and Electrical 

machines. He did a summer internship on “Control of IAD using PLC” at 
Tarapur Atomic Power Station, Maharashtra, India. His current research areas 

are Applications of power electronics. Mr. Gautam is a student member of 
IEEE. He has published one paper in International Journal of Electrical, 

Electronic Science and Engineering (WASET). 
 
 

Dipen A. Mistry was born in Silvassa, Dadra & Nagar Haveli, 

India on 25th March 1993. He is an undergraduate student at 
Department of Electrical & Electronics Engineering, National 

Institute of Technology Goa, Ponda, Goa, India. He will receive 

his B. Tech degree in June 2014. His major fields of interest are 
power electronics, power systems, digital signal processing and medical 

imaging. He did a summer internship on medical imaging at Department of 

Electronics & communication Engineering, National Institute of Technology 
Karnataka, Surathkal, Karnataka, India. He published a journal paper on 

medical imaging “Image reconstruction from fan beam projections without 

back-projection weight in a 2D-dynamic CT: Compensation of time 
dependent rotational, uniform scaling and translational deformation” in Open 

Journal of Medical Imaging, 2013. His current research areas are Power 

electronics application to power systems and medical imaging.  Mr. Mistry 
is a student member of IEEE. 

He has published one paper in International Journal of Electrical, Electronic 

Science and Engineering (WASET). 
 

 

Bhupelly Dheerajwas born in Warangal, Andhra Pradesh, 
India on 15th March 1993. He is an undergraduate student at 
Department of Electrical & Electronics Engineering, National 

Institute of Technology Goa., Ponda, Goa, India. He will 
receive his B. Tech degree in June 2014. His major field of 

interests are power electronics and switch gear protection. He 

did a summer internship at Srisailam power plant, Andhra Pradesh, India. His 
current research areas are Improving Power quality and Protection of 

machines. Mr. Bhupelly is a student member of IEEE. He has published one 

paper in International Journal of Electrical, Electronic Science and 
Engineering (WASET). 

Manmohan Singh Meena was born in Karoli, Rajasthan, 

India on 10thJanuary 1992. He is an undergraduate student at 

Department of Electrical & Electronics Engineering, National 
Institute of Technology Goa., Ponda, Goa, India. He will 

receive his B. Tech degree in June 2014. His major field of 

interest are power systems, power quality. He did a summer 
internship at National Thermal Power Corporation Vindyachal, Singrauli, 

Madhya Pradesh, India. His current research areas are Power Quality 

improvements. Mr. Meena is a student member of IEEE. He has published 
one paper in International Journal of Electrical, Electronic Science and 

Engineering (WASET). 

 
 

Dr. Suresh Mikkili was born in Bapatla, Andhra Pradesh, 

India on 5th Aug 1985. He received B.Tech degree in 
Electrical and Electronics Engineering from JNTU University 

Hyderabad in May 2006, Masters (M.Tech) in Electrical 

Engineering from N.I.T Rourkela, India in May 2008 and 
Ph.D. degree in Electrical Engineering from N.I.T Rourkela, 

India in Nov 2013. His major fields of interest are power systems, fuzzy logic, 

neural networks, and Power electronics. He is currently (January 2013 
onwards) working as Assistant Professor at N.I.T Goa.  

His main area of research includes Power quality improvement issues, Active 

filters, and Applications of Soft Computing Techniques. He has published 27 
articles in reputed international journals and 10 articles in international 

conferences.  

Dr. Suresh Mikkili is a reviewer of many SCI-E Journals, IEEE 
transactions on Power Electronics,  IEEE Transactions on Smart Grid, IET – 

Power Electronics, IET - Generation, Transmission & Distribution, 

ELSEVIER - International Journal of Electrical Power and Energy Systems, 
ELSEVIER - Computers and Electrical Engineering, ELSEVIER - 

International Journal of Electrical Power and Energy Systems, TAYLOR and 

FRANCIS - Electric Power Components and Systems, Springer -Neural 
Computing and Applications, Journal of Electrical Engineering & Technology 

– KIPE, JPE- Journal of Power Electronics - KIPE, and etc.  


