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ABSTRACT 

 
 This paper presents a fuzzy logic controlled shunt active power filter used to compensate 
for harmonic distortion in three-phase four-wire systems. The shunt active filter employs a 
simple method for the calculation of the reference compensation current based of Fast Fourier 
Transform. This presented filter is able to operate in both balanced and unbalanced load 
conditions. A fuzzy logic based current controller strategy is used to regulate the filter current 
and hence ensure harmonic free supply current. The validity of the presented approach in 
harmonic mitigation is verified via simulation results of the proposed test system under different 
loading conditions. The Shunt active power filters for Three Phase Four Wire system are used to 
reduce the effect of harmonics. It generates the reference current that must be provided by the 
power filter to compensate reactive power and harmonic currents demanded by the load. A shunt 
active power filter is controlled in such a way as to inject harmonic and reactive compensation 
currents based on calculated reference currents. The injected currents are meant to cancel the 
harmonic and reactive currents drawn by the non linear load. 
 

Key words: Active power filter (APF), Fuzzy logic controller, Non linear load, point of 

common coupling(PCC) 

 

I.  INTRODUCTION 

 

Active filters have been widely used for harmonic mitigation as well as reactive power 
compensation, load balancing, voltage regulation, and voltage flicker compensation .a high level 

of harmonic currents in both the three line conductor sand more significantly in the neutral wire 
Various harmonic mitigation techniques have been proposed to reduce the effect of harmonics. 

These techniques include phase multiplication, passive filters, active power filters(APFs), and 

harmonic injection. One of the most popular APFs is the shunt active power filter. It is mainly a 
current source, connected in parallel with the non-linear loads .Conventionally, a shunt APF is 

controlled in such a way as to inject harmonic and reactive compensation currents based on 
calculated reference currents. The injected currents are meant to cancel the harmonic and 

reactive currents drawn by the nonlinear loads . 
In a modern electrical distribution system, there has been a sudden increase of nonlinear 

loads, such as power supplies, rectifier equipment, domestic appliances, and adjustable speed 
drives (ASD), etc. As the number of these loads increased, harmonics currents generated by 

these loads may become very significant. These harmonics can lead to a variety of different 
power system problems including the distorted voltage waveforms, equipment over heating, 
malfunction in system protection ,excessive neutral currents, light flicker, in accurate power flow 
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metering, etc. They also reduce efficiency by drawing reactive current component from the 
distribution network. 

 

 
 

 
 

 
 

 

 

 

 

 

 

 

 
Fig 1: Three-phase four-wire source with non linear load and shunt active power filter 

 
In order to overcome these problems, active power filters (APFs) have been developed. 

The voltage-source inverter(VSI)-based shunt active power filter has been used in recent years 
and recognized as a viable solution the control scheme, in which the required compensating 
currents are determined by sensing line currents only, which is simple and easy to implement. 
Shunt active power filter compensate 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 by180 
degrees. This principle is applicable to any type of load considered a harmonic source. 

 

II. CONTROL SYSTEM DESCRIPTION FOR SHUNT APF 

  
The control system for shunt APF could be divided into two main stages, in the first 

stage the reference compensating current has to be determined, while in the second stage the 

derivation of the switching function for the filter inverter circuit is computed. The reference 

compensation current is determined mainly using the information about both the fundamental 

and the harmonic content of the measured load current. Several methods have been proposed in 

the literature for reference compensation current computation. These methods depend on either 

time domain or frequency domain analysis. In this paper the method utilized for reference 

compensation current calculation depends on Fast Fourier Transform (FFT), sort of frequency 

domain analysis. FFT used to extract the magnitude of the fundamental component of the load 

current from which he reference compensation current will be computed. 

 

 A.Circuit Diagram 
The circuit consists of shunt active power filter (SAPF), point of common 

coupling(PCC)Non linear load, and control stage. In this circuit power system is connected in 
parallel. 
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 Fig 2: Circuit diagram of shunt active filter with non-linear load  

 

 

It is applicable for commercial and domestic applications, suffer from the problem of 

drawing non sinusoidal current from the source. This behavior causes voltage distortion that 

affects other loads connected at the same point of common coupling (PCC). Active power filters 

(APFs) are being investigated and developed as a viable alternative to solve this problem. The 

control strategy for a shunt active power filter (Fig. 1) generates the reference current, , that must 

be provided by the power filter to compensate reactive power and harmonic currents demanded 

by the load. This involves a set of currents in the phase domain, which will be tracked generating 

the switching signals applied to the electronic converter by means of the appropriate closed-loop 

switching control technique such as hysteresis or dead-beat control. Sometimes, it is useful to 

calculate the compensating current in terms of the reference source current. 
The following equations describe the procedure used for reference compensation 

current calculations; 
 
 
 
 

 

 
The load current is a periodic function and according to Fourier series; 
 
 

 
Where, 
 

 

 

 

 

  

 

 

 



International Journal of Emerging Trends in Engineering and Development                    Issue 3, Vol.2 (March 2013)                                                                                                    

Available online on http://www.rspublication.com/ijeted/ijeted_index.htm                                      ISSN 2249-6149 

 Page 577 
 

  
 
Thus, the fundamental component magnitude of  load current is given by, 
 
 

 

 
The amplitude of the reference supply current is given by, 
 
 

 

 

 

 
 Where, idc is the current responsible for compensating of the dc losses due to the change 
in the dc capacitor voltage. 

A new theory for the control of active filters in three-phase power systems called 
“Generalized Theory of the Instantaneous Reactive Power in Three-Phase Circuits", also known 
as “Theory of Instantaneous Real Power and Imaginary Power”, or “Theory of Instantaneous 
Active Power and Reactive Power”, or “Theory of Instantaneous Power”, or simply as “p-q 
Theory”. The theory was initially developed for three-phase three wire systems, with a brief 
mention to systems with neutral wire ,Since the p-q theory is based on the time domain, it is 
valid both for steady-state and transient operation, as well as for generic voltage and current 
waveforms, allowing the control of the active filters in real-time Another advantage of this 

theory is the simplicity of its calculations. Most APFs have been designed on the basis of 
instantaneous reactive power theory to calculate the desired compensation current. 

B. Controller Design 
A system which mathematically models complex relationships which are usually handled 

in a vague manner by language. Under the title of "Fuzzy Logic" falls formal fuzzy logic (a 
multi-valued form of logic), and fuzzy sets. Fuzzy sets measure the similarity between an object 
and a group of objects. A member of a fuzzy set can belong to both the set, and its compliment. 
Fuzzy sets can more closely approximate human reasoning than traditional "crisp" sets. 

C. Membership Function 

 
 

 
  
 
 

 

 

 

 

 

 

Fig 3: The degree of membership for the   error               Fig 4: The degree of membership for       

   

                                                                                                      the error and derivative 
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Fig 5: The degree of membership for the command                 Table1. Fuzzy Rule Represention                                                                                        

                                   signal 
   
 

 

 

 

 

 

 

 

 

 

 

 

 

   
 

 

 

 

 
 

Fig 6:The control strategy of Shunt active power filter 
 

The point in the electrical system where Fuzzy logic can model nonlinear functions of 
arbitrary complexity. You can create a fuzzy system to match any set of input-output data. This 

process is made particularly easy by adaptive techniques like Adaptive Neuro-Fuzzy Inference 
Systems (ANFIS), which are available in Fuzzy Logic Toolbox software..the location on the 
system where another customer can be served.”An inverter is an electrical device that converts  
direct current (DC) to  alternating  current AC converted AC can be at any required voltage and 

http://en.wikipedia.org/wiki/Direct_current
http://en.wikipedia.org/wiki/Direct_current
http://en.wikipedia.org/wiki/Direct_current
http://en.wikipedia.org/wiki/Alternating_current
http://en.wikipedia.org/wiki/Alternating_current
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frequency with the use of appropriate  transformers, switching, and control circuits. 
 

III.SIMULATION MODEL 
The objective of shunt active power filters is reduce the effect of harmonics in three 

phase four wire system. The simulation circuit using MATLAB simulink model, it will also 
compensate reactive power..Fuzzy logic has two different meanings. In a narrow sense, fuzzy 
logic is a logical system, which is an extension of multi valued logic. However, in a wider sense 
fuzzy logic (FL) is almost synonymous with the theory of fuzzy sets. 

 
 
 
 

 
 
 
 

 
 

 
 

 
 

                                                          

 

Fig 7: Hysteresis controller 
 
 

Fuzzy logic controller design use as centrifugal defuzzification method here membership 
function and FIS file structures are used here using mamdani method, it contains triangle 
membership function and guassian membership function. Theory  which  relates  to  classes  of  
objects  with  un sharp  boundaries  in  which  membership  is  a  matter of  degree.   In  this  
perspective,   fuzzy  logic   in  its narrow  sense  is  a  branch  of  FL.  Even  in  its  more narrow    
definition,    fuzzy    logic    differs    both    in concept    and    substance    from    traditional    
multi valued logical systems. In  Fuzzy  Logic  Toolbox  software,  fuzzy logic  should  be  
interpreted  as  FL,  that  is,   fuzzy logic  in  its  wide  sense.  The  basic  ideas  underlying FL  
are  explained  very  clearly  and  insightfully  in  Foundations of Fuzzy Logic. 

 

V.SIMUL ATION RESULTS 

 

 
 

  

 

 

 

 

 

 

                  

 

                Fig 8: Gate pulse for the controller Fig 9: Load current 

 

http://en.wikipedia.org/wiki/Transformer
http://www.mathworks.com/help/toolbox/fuzzy/bp78l6_-1.html
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                           Fig 10:Output voltage       Fig  11:Source voltage,Load current,         
                Source  current after  compensation 
 

The hysteresis band current control for active power filter line currents can be carried out 
to generate the switching pattern of the inverter. There are various current control methods 
proposed for such active power filter configurations; but the hysteresis current control method 
has the highest rate among other current control methods, because of quick current 
controllability, easy implementation and unconditioned stability. 

 

VI.CONCLUSION 

 
Three phase four wire system for shunt active power filter is used to reduce the effect of 

harmonics. The comparison is made with two controls namely hysteresis controller and fuzzy 
logic controller. A shunt active power filter based on FFT is used for reference compensating 
current calculation. Fuzzy logic controller is to improve the system power quality by 
compensating the harmonic line currents and also the neutral current fuzzy logic controller 
design using centrifugal defuzzification method is also implemented. It improves over all system 
performance simulated using MATLAB. 
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