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ABSTRACT 
Nowadays, power quality issues become most important concern to power system engineers due to ever-increasing use of non-

linear loads such as computers, microprocessors system and power electronic devices in all kinds of industrial, commercial and 

domestic facilities. These non-linear loads create harmonics by drawing current in non-sinusoidal manner when sinusoidal voltage 

is applied. The current drawn is characterized by sharp rise and fall during fraction of fundamental time. This distorted current 

waveform with the result of several sine wave current at multiples of fundamental frequency is termed as harmonics. Harmonics 

causes poor power quality which affects sensitive equipment, interrupt production process and cause shut down. So, harmonics 

are considered to be pollutants that pollute the entire power system. In the present investigation, simple, cost-effective, adaptive 

and dynamic harmonic mitigation solution is analyzed using shunt active power filter. The main objective of this paper is to design 

and analyze the performance of shunt active power filter employing Fuzzy Logic and PI controllers for harmonic current 

compensation to improve power quality. The performance of the proposed control schemes is evaluated through computer 

simulation using Matlab R2010-Simulink platform. The Total harmonic distortion and the Power factor are obtained for three 

cases - without filter, Shunt Active Power Filter with PI controller and Shunt Active Power Filter with Fuzzy Logic controller for 

normal and increase load conditions. The comparative assessment of the two controllers shows the effectiveness and the 

superiority of shunt active power filter with Fuzzy Logic controller over PI controller for current harmonics elimination under 

normal and increased load conditions. Moreover, Fuzzy Logic controller offers outstanding performance compared to PI controller 

in the case of increased load condition. The percentage of total harmonic distortion is achieved below the limit stipulated by IEEE 

std. 519-1992 in both normal and increased load conditions. Also, the unit power factor obtained by shunt active power filter 

ensures the improvement of power quality. Thus, the Fuzzy Logic controller based shunt active power filter results are found to be 

quite satisfactory to mitigate harmonics and enhance the power factor for power quality improvement. 
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INTRODUCTION 
 

For the purpose of smooth and controlled power supply, the widespread use of power converters and other 
non-linear loads in both industrial and domestic electrical systems purpose becomes inevitable.   This has 
resulted the deterioration of quality of electric power, mainly due to current harmonics created by the non-linear 
loads [1-3].  Hence, the harmonic current need to be eliminated to enhance the power quality since it cannot 
contribute to active power [4].  Conventionally, passive filters have been used as a solution for harmonic current 
problems [5-6]. However, they have many drawbacks such as, series and/or parallel resonance problems with 
rest of the system, dependence of their performance on the system impedance and presence of overload due to 
circulation of harmonics coming from non-linear load connected near the point of the passive filter [7]. 
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Moreover, they are not suitable for variable load and unable to provide any solution for unbalanced variable 
reactive power compensation. As a result, complete solutions that pass on passive filters to achieve a harmonic 
reduction become ineffective. To overcome such disadvantages, Active Power filters (APF) have been 
introduced and considered as viable alternative to passive filters for reducing harmonics and improving the 
power factor. Due to significant improvement in the power electronic technology, active power filters have been 
extensively studied in recent years [8-11]. APF injects compensation current with 180 degree phase opposition 
into the system so as to cancel current harmonics due to non-linear loads. There are basically three types, 
namely, shunt APF, series APF and hybrid APF.   It is also possible to find active power filters combined with 
passive filters. But, Voltage Source Inverter (VSI) based Shunt Active Power Filter (SAPF) has been proved to 
be an attractive solution for compensation of current when the load is highly non-linear [12]. For efficient 
performance of SAPF for harmonics compensation, better controlling techniques have to be implemented [13].  
Extensive research works are being carried out continuously to enhance the performance of SAPF using modern 
control algorithms [14-16].  Ammar Hussein Mutlag et al. [17] proposed Fuzzy Logic Controller (FLC) based 
power quality enhancement for the stand-alone photovoltaic system. They succeeded to produce good quality of 
AC output power from the photovoltaic system with the harmonic level 3.58% below the limit stipulated by 
IEEE standard. Oualid Aissa et al. [18] proposed control strategy on Fuzzy Logic for three-phase Pulse Width 
Modulation (PWM) rectifiers with an objective to substitute hysteresis controllers by Fuzzy controller to 
eliminate the harmonic currents of the line current and improve the power factor. Zellouma et al.[19] presented 
five-level inverter as a SAPF employing FLC to compensate reactive power and suppresses harmonics drawn 
from a diode rectifier supplying RL load under distorted voltage conditions. Recently, many authors [20-23] 
have studied the performance evaluation of SAPF using single control techniques for power quality 
improvement under constant load condition.  The main motivation behind this paper is to evaluate the 
performance of two controllers namely, Proportional Integral (PI) controller and FLC for SAPF under normal 
and increased load conditions. 

 
1. Shunt Active Power Filter: 

Shunt active power filter is connected in parallel to the distribution network for reducing harmonic content 
and improving power factor and to maintain the system in healthy condition. The block diagram of simple SAPF 
with non-linear load is shown in Fig. 1.  The principle components of APF are VSI, DC energy storage devices 
and the associated control circuits.  The performance of the SAPF mainly depends on the control technique used 
to inject the desired compensation current in to the line. 

 
Fig. 1: Block diagram of SAPF 

 
From Fig. 1, the instantaneous current is given by 

)()()( tItIti CLs −=              (1) 

where   )(tiL  is the instantaneous load current  and  

 )(tiC is the instantaneous compensation current 

The source voltage  can be written as 

tVtv mS ωsin)( =              (2) 

Due to presence of non-linear load, the load current contains fundamental and harmonic currents, which is 
represented as 
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The instantaneous load power is   given by mutiplying equations (2) and (3) 
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where,   )(tpL is the instantaneous load power 

 )(tpre is the instantaneous real power 

 )(tprec is the instantaneous reactive power      and 

 )(tphar is the instantaneous harmonic power  

 
Hence, the fundamental (real) power taken by the load is giveny by 
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Using the above equation, the source current supplied by the source after compensation is given by 
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However, the utility must supply a small extra amount due to additional switching loss in the inverter and 
for the leakage current in capacitor in addition to the real power of the load. Therefore, the total peak current 
supplied by the source is 

sLsmsp III +=               (8) 

Where,   spI is the total peak current 

 smI is the maximum source current  and  

 sLI is the maximum load current 

 
If the active filter provides the total reactive and harmonic power, then is (t) will be in phase with the utility 

voltage and purely sinusoidal. At this time, the active filter must provide the following compensating current. 

)()()( tititi sLc −=              (9) 

So, it is necessary to compute the fundamental component of the load current as the reference current for 
precise and instantaneous compensation of reactive  and harmonic power.  The fundamental component of the 
load current will be determined using peak value of these reference currents. This peak value multiplied by unit 
vectors in phase with source voltages will provide the corresponding reference source currents. The schematic 
diagram of SAPF with PI/FLC implementation is shown in Fig. 2. 

 
Fig. 2: Implementation of controller techniques for SAPF 
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The power stage of the SAPF is the VSI with a split capacitor in the DC side. The efficient and dynamic 
performance of the SAPF is mainly dependent on proper controller used to maintain the DC link voltage at 
reference value. 

 
2. Control Strategies of SAPF:  

As the controller is considered to be the main part of any active power filter operation, it has been a subject 
of many researchers in recent years [24-26].  Two different control schemes used in the paper are described as 
follows. 

 
PI Controller: 

The block diagram of PI control scheme is shown in Fig. 3.  It consists of PI controller, limiter and 
generation of switching signals. The output of the controller is directly proportional to the summation of 
proportional of error and integration of the error signal which is mathematically represented as 

∫ +=
t

pi teKdtteKtI
0

max )()()(           (10) 

where, Kp is the proportional constant which decides the dynamic response of the DC-side voltage control 
and Ki  is the integral constant that determines the settling time. 
 

 
Fig. 3: PI Controller 
 

The PI Controller role is to maintain constant voltage around a desired value, Vdc-ref . It is known that the 
real power of the system changes and is compensated by the DC link capacitor voltage. The new capacitor 
voltage (Vdc) is sensed and compared with reference voltage (Vdc-ref) and a difference of signal (or) error signal 
(e(t) = Vdc-ref - Vdc) is given to PI controller.  The error signal is then processed through PI controller and the 
output of the controller is termed as peak value of supply current, Imax.  This peak value of the current (Imax) is 
multiplied with the respective per unit source voltage to obtain the reference current (Isa*, I sb*, I sc*).  These 
estimated reference currents are compared with the sensed actual currents (Isa, Isb, Isc) and the error is compared 
with carrier signal to generate switching signal for SAPF. 
 
Fuzzy Logic Controller: 

  Fuzzy Logic controller has been proven to be an excellent control technique as they do not need an 
accurate mathematical model and most robust than conventional non-linear controllers [27-29]. Fig. 4 shows the 
internal structure of FLC.  

 
Fig. 4: Internal structure of FLC 

 
In this present study, a Mamdani based FLC was selected and designed with linguistic term “if then”. The 

representation of numerical variables into the linguistic variables is achieved by choosing nine triangular 
membership functions viz: NVB (Negative Very Big), NB (Negative Big), NM (Negative Medium),               
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NS (Negative Small), ZE (Zero), PS (Positive Small), PM (Positive Medium), PB (Positive Big) and PVB 
(Positive Very Big).  Triangular membership functions are preferred in this work due to their simplicity, easy 
implementation and symmetrical along the axis. The database is used to store the definition of the membership 
function. Table-1 shows the rule used in the FLC controller.   

 
Table 1: Fuzzy Rule 

 
 
In this control scheme, the DC link voltage is used to estimate the peak value of the reference current. The 

actual capacitor voltage, Vdc(t) is compared with a set reference value (Vdc-ref). The error signal,                      
e(t)= Vdc-ref - Vdc(t) and change in error ce(t)= e(t)-e(t-1) are then used as inputs for FLC. The output of FLC is 
the peak value of   reference source current (Imax) which is used control gate pulses to turn on the active power 
filter. 

 
 

RESULTS AND DISCUSSION 
 
Simulations were performed in MATLAB-Simulink environment to show the effectiveness of PI and Fuzzy 

Logic controllers in SAPF.  The system parameters selected for simulation are listed in Table 2. 
 
Table 2: System Parameters 
 

Source voltage of phase A               120 V 
Source voltage of phase B           120 V 
Source voltage of phase C                 120 V 
Parameters (PI Controller) 
Proportional gain,  Kp                        1.58 
Integral gain, Ki                                11.168 
Parameters (FLC) 
FIS type for FLC                                  Mamdani 
Membership function for FLC   9X9 Triangular 
Implication for FLC                          Min 
De-fuzification                                 Centroid 
Others common parameters (both Controllers) 
Source resistance                                0.1 Ω 
Source reactance                                2 mH 
DC link capacitor                                4400μF 
Sample time                                             1 μs 
Load resistance                                       15 Ω 
Load reactance                                       40 mH 

 



172      G. Malathi and. T. Venkatesan., 2016/ Advances in Natural and Applied Sciences. 10(11) July 2016, Pages: 167-176 

         
              i.Three-phase source voltage  and current                     i. Three-phase source voltage and current 

        
ii.Three-phase load current                                   ii.Three-phase load current 

 

              
     iii. FFT analysis                                                                  iii. FFT analysis  

 (a)                                                                                      (b)  
  

Fig. 5: Simulation results without SAPF (a) normal load condition (b) increased load condition 
 
Table 3: THD and Power factor values before and after compensation with SAPF for balanced source voltage under normal and increased 

load conditions  
 

Parameter 
Before compensation 

After compensation 
Normal load Increased load 

Normal load Increased load PI FLC PI FLC 
THD (%) 14.77 15.42 1.47 1.30 3.44 2.76 
Power factor 0.9557 0.9349 1 1 1 0.9984 

 
Fig. 5 illustrates simulation results before compensation under normal and increased load conditions.  It is 

evident that before the application of SAPF, the source current is highly polluted and rich in harmonics with 
Total Harmonic Distortion (THD) 14.77% and 15.42% for normal and increased load conditions respectively. 
Simulation results of the system with PI controlled SAPF and Fuzzy Logic controlled SAPF are shown 
respectively in Fig. 6(a) and Fig. 6(b) under normal load condition. Also, Simulation results of the same system 
with  PI controlled SAPF and Fuzzy Logic controlled SAPF under increased load conditions are shown  
respectively in Fig. 7(a) and  Fig. 7(b).   
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      i.Three-phase source voltage  and current       i. Three-phase source voltage and current 

 
      ii. Three-phase Load current           ii. Three-phase Load current  

 
       iii. Compensation current           iii. Compensation current  

 
       iv. FFT analysis                                                         iv. FFT analysis  

 

 
       v. Power factor              v. Power factor 

(a)                                                                                      (b)   
Fig. 6: Simulation results with SAPF under normal load condition (a) PI Controller (b) Fuzzy Logic Controller 
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        i.Three phase source voltage  and current                   i. Three phase source voltage and current 

                  
ii.Three phase load current                                              ii.Three phase load current 

               
iii. Compensation current                                                     iii. Compensation current 

              
iv. FFT analysis                                                                     iv. FFT analysis 

 

                 
v. Power factor                                    v. Power factor 

(a)                                                                                      (b)   
Fig. 7: Simulation results with SAPF under increased load condition (a) PI Controller (b) Fuzzy Logic 

Controller 
 
The values of THD and power factor before and after compensation with SAPF for balanced source voltage 

under normal and increased load conditions are presented in Table 3.  It is observed to see that the source 
current THD is reduced from 14.77% to 1.47 % in case of PI controller and 1.30% in case of Fuzzy Logic 
controller under normal load conditions. Also under increased load condition, the source current THD is reduced 
from 15.42% to 3.44 % in the case of PI controller and 2.76 % in case of FLC. Thus, PI and Fuzzy logic 
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controllers are good enough in suppressing harmonics.  Though the THD values of both controllers under 
normal and increased load conditions are shown below the value suggested by the IEEE std. 519-1992, the 
Fuzzy Logic controller shows superior performance over PI controller. This is attributed to the fact that the 
harmonic components required by the load are supplied by the SAPF and hence source current is almost free 
from harmonics.  From the Table 3, it is also observed that the power factor before compensation for normal and 
increased load conditions is respectively 0.9557 and 0.9349. After compensation due to PI and Fuzzy based 
SAPF, the power factor nearly approach to unity for both load conditions.  Thus, the reactive power 
compensation is achieved. 

 
Conclusion: 

In this work, PI and Fuzzy Logic control techniques have been applied to control shunt active power filter, 
which is used to compensate current harmonics produced by diode rectifier non-linear load. The simulations 
were carried out without SAPF, with PI controlled SAPF and with FLC controlled SAPF for normal load and 
increased load conditions.  Even though both controllers are capable to compensate the current harmonics below 
the harmonic limit stipulated by IEEE std. 519-1992, it is observed that the FLC based SAPF is more effective 
over PI controller based SAPF for harmonic mitigation particularly under increased load condition.  Thus, FLC 
provides good performance than PI controller to improve power quality for SAPF. By providing good quality of 
electric power with help of SAPF, the consumers not only benefitted due to handsome savings of power bill but 
also unwarranted breakdowns are avoided which leads improvement of economic scenario of the country. In the 
future, laboratory prototype hardware can be constructed to verify the simulation outcomes with experimental 
results. Further, it is also proposed to extend this work for Artificial Neural Network controllers to access 
performance of different controllers’ strategy (PI, Fuzzy logic and Artificial Neural Network) and obtain best 
and optimized control technique for shunt active power filter for compensation of current harmonics.  
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