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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.

Keywords—Active power filters, Fuzzy logic controller, Power 
quality. 

I. INTRODUCTION

N recent years, power quality distortion has become a 
serious problem in electrical power systems due to the 

increase of nonlinear loads drawing non-sinusoidal currents. 
Active filters have been widely used for harmonic mitigation 
as well as reactive power compensation, load balancing, 
voltage regulation, and voltage flicker compensation.

In three-phase four-wire systems with nonlinear loads a high 
level of harmonic currents in both the three line conductors 
and more significantly in the neutral wire has been enrolled. 
Unbalanced loads also results in further declination of the 
supply quality [1]. 

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
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to cancel the harmonic and reactive currents drawn by the non-
linear loads [2] as shown in fig. 1. 

Fig. 1 Connection of shunt active filter with non-linear load

II. CONTROL SYSTEM DESCRIPTION FOR SHUNT APF

A. General
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 [3]. 

B. Reference Compensation Current Calculation
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 [4]. 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 
the reference compensation current will be computed.
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The following equations describe the procedure used for 
reference compensation current calculations; 
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The load current is a periodic function and according to 

Fourier series;
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Thus, the fundamental component magnitude of load current

(7)                                                                          bai 2
n

2
nloadfund 

The amplitude of the reference supply current is given by;

(8)                                                                             iii dcloadfund
*
s 

Where idc is the current responsible for compensating of the dc 
losses due to the change in the dc capacitor voltage. Then 
taking the sine wave template from the supply voltage, the 
reference supply current will be;
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The reference compensating current is;
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C. Fuzzy Logic Current Controller
The desired switching signals for the filter inverter circuit 

are determined according to the error in the filter current using 
fuzzy logic controller.

The parameters for the fuzzy logic current controller used in 
this paper are as follow;

 The design uses centrifugal defuzzification method.
 There are two inputs; error and its derivative and 

one output, which is the command signal to the 
PWM of the filer inverter.

 The two input uses Gaussian membership functions 
while the output use triangle membership 
function.

Fig. 2 shows the degree of membership for the error and its 

derivative and the command signal respectively. 
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Fig. 2 The degree of membership for (a) the error, (b) the error 

derivative, and (c) the command signal

The above figures are the input and output variables for 
balanced load condition. Similar variable are used for 
unbalanced load condition but with different ranges; input 1 
with range [-5,5], input 2 with range [-1,1], and the output with
range [-250,250]. The fuzzy rules representation table is as 
follow;

TABLE I
THE FUZZY RULES REPRESENTATION TABLE

Error

de/dt
Negative Zero Positive

Negative Big 
Negative

Positive Big 
Positive

Zero Big 
Negative

Zero Big 
Positive

Positive Big 
Negative

Negative Big 
Positive
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The following figure summaries the structure of the described 
control strategy for shunt APF.

dclossi

fundloadi

loadi

*
si *

filteri

filteri

dtdu /

Fig. 3 The control strategy for shunt APF

III. SIMULATION OF THE TEST SYSTEM SETUP

Fig. 4 the test system setup
The tested power system as shown above is a three-phase, 

four-wire 110V line voltage system supplying 600W to three 
single-phase balanced & unbalanced non linear loads with 
series passive filter reactance to be close to the source 
reactance [5]. The shunt APF is three-phase, four-wire IGBT-
based current controlled voltage source converter with an 
output ac filter (Lf) and energy storage capacitor on dc bus 
where;

volts200V

F350C

dc

dc





The system was simulated using MATLAB/SIMULINK 
software in order to validate the efficiency of the presented 
control algorithm for both balanced and unbalanced load 
conditions.

A. Application of Shunt APF on Balanced Nonlinear 
Loads

In this case the load is in the form of 3 single-phase 
uncontrolled bridge rectifiers with R-C load.
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Fig. 5 The test system simulation with balanced nonlinear loads

The model parameters are as follows;

TABLE II
MODEL PARAMETERS IN CASE OF BALANCED LOAD

Ls
1 mH

Lf 4 mH

Lr 2 mH

Load
Rr= 50 Ω, Cr= 1000 μF

B. Application of Shunt APF on Unbalanced Nonlinear
Loads

In this case the load is in the form of 3 single-phase 
different non linear loads. The first is uncontrolled bridge 
rectifier with R-C load, the second is pure resistive load & the 
third is bridge rectifier with R-C load.

LsVs

Lr

Lr

Lr

R1 C1

R2

R3

Fourier

Lf
Cdc

Cdc

Vdc

Control loops

Iload

Ifilter

L3

Discrete,
Ts = 5e-006 s.

v+
-

A

B

+

-

A

B

+

-

N

A

B

C

Shunt APF

g

A

B

C

+

-
Mean

In

Mag

Phase

In

Mag

Phase

In

Mag

Phase

IL

IF

Ifund

Vdc

i +-

i+ -

i+ -

i +-

i +-

i+ -

Fig. 6 The test system simulation with unbalanced nonlinear loads
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The model parameters are as follows;

TABLE III
MODEL PARAMETERS IN CASE OF UNBALANCED LOAD

  
Ls 1 mH

   
Lf 3 mH

   
Lr 1.5 mH

    

Loads

 Load1: R1= 80 Ω, C1= 1000 μF

 Load2: R2= 15 Ω

 Load3: R3= 15 Ω, L3= 0.1 H

IV. SIMULATION RESULTS

A. Shunt APF with Balanced Nonlinear Loads
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Fig. 7 The simulation results for (a) phase load current, (b) phase 

filter current, (c) neutral current, and (d) supply voltage and current

B. Shunt APF with Unbalanced Nonlinear Loads
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Fig. 8 The simulation results for (a) phase a load current, (b) phase a 
filter current, (c) phase b load current, (d) phase b filter current, (e) 
phase c load current, (f) phase c filter current, (g) phase a supply 
voltage and current, (h) phase b supply voltage and current, (i) phase 
c supply voltage and current, and (j) neutral current.
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The simulation results for both balanced and unbalanced 
loading conditions prove the effectiveness of the designed 
active filter in both harmonic current mitigation and neutral 
current cancelation (in case of unbalanced loading).

V. CONCLUSION

A shunt APF based on FFT for reference compensating 
current calculation and fuzzy logic current controller has been 
studied to improve the system power quality by compensating 
the harmonic line currents and also the neutral current. FFT 
method is simple and reliable for reference compensating 
current calculations.  Fuzzy logic controller improves the 
overall control system performance over other conventional 
controller. The validity of the presented control algorithm was 
proved by simulation of a three phase four wire test system 
under both balanced and unbalanced loading conditions.
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