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Abstract: Power  quality  problem  is  the  most  sensitive  

problem  in  a  power  system.  Most of the pollution issues 

created in power system is because of the nonlinear nature of 

loads. Due to large amount of non-linear equipment, impact 

and fluctuating loads, problems of power quality is becoming 

more and more serious problem with time. To overcome this 

problem APF (Active power filter) has gained more attention 

because of its excellent performance of harmonic mitigation 

and reactive power compensation. This study presents a new 

method for harmonic and reactive power compensation with a 

Fuzzy logic controller and a new control algorithm for active 

power filter to eliminate harmonics and compensate the 

reactive power of three phase diode bridge rectifier with RL 

load. The Fuzzy  logic  controller was used  to predict  the  

reference  current  values  and  the  firing pulses  were  

generated  using  hysteresis  current  controller.  The system 

was modeled and simulated using MATLAB/SIMULINK 
power system toolbox. 
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I.  INTRODUCTION 

he  design  ramification  and  immense  cost  of  losses 

of  the  conventional  passive  filters,  as  well  as  their 

restricted  potential to minimize  inter-harmonics  and non-
characteristic  harmonics,  has  encouraged  the 

advancement  of  harmonic  compensation  by  means  of 

power  electronic  devices commonly  referred  to  as Active 

Power Filters. The Active Power Filter (APF) is 

implemented using self-supported  dc  bus  with  three phase  

Voltage  Source  PWM converter. The  operating principle  

of APFs  is  primarily  canceling  the  distorting harmonic  

current  by  analyzing  them  and  generating  a harmonic  

current  spectrum  in  phase  opposition  to  the measured 

current. 

Passive filters were traditionally preferred because 

of low  cost  and  simple  robust  structure  as  they  used  to 

absorb  harmonic  currents.  But they offer fixed 

compensation and generate system resonance [1]–[5]. The  

shunt  active  filters  can  provide  compensation  of 

harmonics,  reactive  power  and/or  neutral  current  in  ac 

networks, regulation of terminal voltage, suppression of the  

voltage  flicker,  and  improve  voltage  balance  in three-

phase  system  [6],  [7],  [8].  

The  advantages  of  fuzzy  logic  controllers over  

the conventional PI controller are that they do not need an  

accurate  mathematical  model;  they  can  work with  

imprecise  inputs, can handle nonlinearity, and may  be  

more  robust than the conventional PI controller. Use of 

fuzzy logic for minimization of harmonics and improvement 

of power quality is not a new issue rather various authors 

have introduced some innovative methodologies using these 

tools. 

II. SHUNT ACTIVE POWER FILTER 

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 

overheating,  malfunction  in  system  protection, excessive  

neutral  currents,  light  flicker,  inaccurate power  flow  

metering,  etc. They also reduce efficiency by drawing 

reactive current component from the distribution network 

[10].  In order to overcome these problems, active power 

filters (APFs) have been developed. The voltage-source-

PWM converter 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. The scheme uses a 
conventional proportional plus integral (PI) controller for 

the generation of a reference current   

T 
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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°.    

 

Figure 1. Shunt active power filter topology 

A. Basic Compensation principle 

Figure 2. Shows the basic compensation principle of a shunt 
active power filter. It is controlled to draw / supply a 

compensating current ic from / to the utility, so that it 

cancels current harmonics on the AC side, and makes the 

source current in phase with the source voltage. Figure.2.  

shows the different waveforms. IL is the load current 

waveform and IS is the desired mains current. IC shows the 

compensating current injected by the active filter containing 

all the harmonics, to make mains current sinusoidal. 

 

Figure 2. Shunt active power filter Basic compensation principle. 

B. Estimation of Reference current 

 The instantaneous currents can be written as    

𝑖𝑠 𝑡 = 𝑖𝑙(𝑡) − 𝑖𝑐(𝑡)    
 (1) 

 Source voltage is given by  

𝑉𝑠 = 𝑉𝑚 sin𝜔𝑡     
   (2) 

If a non-linear load is applied, then the load current will 

have a fundamental component and harmonic components 

which can be represented as  

𝑖𝐿 𝑡 =  𝐼𝑛 sin 𝑛𝜔𝑡 + 𝜑𝑛  
∞

𝑛=1
 

=  𝐼1 sin 𝑛𝜔𝑡 + 𝜑1 + sin 𝑛𝜔𝑡 + 𝜑𝑛  
∞
𝑛=2   

   (3) 

The instantaneous load power can be given as  

𝑃𝐿 𝑡 = 𝑣𝑠 𝑡 ∗ 𝑖𝑙(𝑡) 

𝑉𝑚 𝐼1𝑠𝑖𝑛
2𝜔𝑡 cos 𝜑1 +𝑣𝑚 𝐼1 sin𝜔𝑡 ∗ cos𝜔𝑡 ∗ sin𝜑1 +

𝑉𝑚 sin𝜔𝑡 ∗ 𝐼𝑛 sin 𝑛𝜔𝑡 + 𝜑𝑛  
∞
𝑛=2              (4)            

      

    

= 𝑃𝑓 𝑡 + 𝑃𝑟 𝑡 + 𝑃ℎ 𝑡     (5) 

The real (fundamental) power drawn by the load is 

𝑃𝑓 𝑡 = 𝑉𝑚 𝐼1𝑠𝑖𝑛
2𝜔𝑡 cos𝜑1 =𝑣𝑠 𝑡 + 𝑖𝑠 (𝑡)  (6) 

The source current supplied by the source, after 

compensation is 

𝑖𝑠 𝑡 =
𝑃𝑓(𝑡)

𝑣𝑠(𝑡)
= 𝐼1 cos𝜑1 sin𝜔𝑡 = 𝐼𝑚 sin𝜔𝑡  

Where Ism=I1cosΦ1.  

There are also some switching losses in the PWM converter, 

and hence the utility must supply a small overhead for the 

capacitor leakage and converter switching losses in addition 

to the real power of the load. The total peak current supplied 

by the source is therefore 

Isp = Ism+ Isl       (7)  

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 compensation current: 

𝑖𝑐 𝑡 = 𝑖𝑙(𝑡) − 𝑖𝑠(𝑡) 
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Hence, for accurate and instantaneous compensation of 

reactive and harmonic power it is necessary to estimate, i.e. 

the fundamental component of the load current as the 

reference current. 

III. CONTROL STRATARGY  

A. SAPF with PI controller:  

The complete schematic diagram of the shunt active power 

filter is shown in figure 3 (a) While figure 3.(b).gives the 

control scheme realization. The actual capacitor voltage is 

compared with a set reference value. 

 

(a) 

(b) 

Figure 3. (a) Schematic diagram of shunt active filter, (b) APF Control 

scheme with PI controller 

The error signal is fed to PI controller. The output of PI 

controller has been considered as peak value of the 

reference current. It is further multiplied by the unit sine 
vectors (usa, usb, and usc) in phase with the source voltages to 

obtain the reference currents (isa*, isb*, and isc*). These 

reference currents and actual currents are given to a 

hysteresis based, carrierless PWM current controller to 

generate switching signals of the PWM converter. The 

difference of reference current template and actual current 

decides the operation of switches. To increase current of 

particular phase, the lower switch of the PWM converter of 

that particular phase is switched on, while to decrease the 

current the upper switch of the particular phase is switched 

on. These switching signals after proper isolation and 

amplification are given to the switching devices. Due to 

these switching actions current flows through the filter 

inductor Lc, to compensate the harmonic current and 
reactive power of the load, so that only active power drawn 

from the source.   

B. SAPF with Fuzzy controller 

In order to implement the control algorithm of a shunt 
active power filter in closed loop, thee DC side capacitor 

voltage is sensed and then compared with a reference value. 

The obtained error e (=Vdc,ref --Vdc ) and the change of error 

signal ce(n)=e(n)-e(n-1) at the nth sampling instant as inputs 

for the fuzzy processing. The output of the fuzzy controller 

after a limit is considered as the amplitude of the reference 

current Imax takes care of the active power demand of load 

and the losses in the system. 

The switching signals for the PWM converter are 

obtained by comparing the actual source currents (isa, isb, 

and isc) with the reference current templates (isa*, isb*, and 

isc*) in the hysteresis current controller. Switching signals 

so obtained, after proper amplification and isolation, are 

given to switching devices of the PWM converter. 

 

Figure 5. Fuzzy control scheme 

Fuzzification: The  fuzzy  logic  controller  requires  that 

each  input/output  variable  which  defines  the  control 

surface  be  expressed  in  fuzzy  set  notations  using 

linguistic levels. The linguistic values of each input and 

output  variable  divide  its  universe  of  discourse  into 

adjacent  intervals  to  form  the  membership  functions. 
The  member  value  denotes  the  extent  to  which  a 

variable  belongs  to  a  particular  level.  The process of 

converting input/output variable to linguistic levels is 

termed as fuzzification. 
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Inference:  The behavior of the control surface which relates 

the input and output variables of  the system are governed 

by a set of rules. A typical rule would be If X is A Then Y is 

B. When a set of input variables is read, each  of  the  rules  

that  have  any  degree  of  truth  in  its premise  is  fired  

and  contributes  to  the  forming  of  the control  surface  by  
approximately  modifying  it. When all  the  rules  are  fired,  

the  resulting  control  surface  is expressed  as  a  fuzzy  set  

to  represent  the  constraint’s output. This process is known 

as inference. 

Defuzzification:  Defuzzification is the process of 

converting a fuzzy quantity into a crisp quantity. There are  

several  methods  available  for  defuzzification, centroid  

method  being  the  most  prevalent  one  which uses the 
following formula for defuzzification Eq 8 

  μ x x dx

 μ(x)dx
          (8) 

Where μ is the membership function of output x 

 

Figure 6. Internal structure of fuzzy logic controller 

 

Figure 7. Input membership function 

    

 

 

 

 

 

Figure 8. Output membership function 

 

Figure 9. Fuzzy logic control rule 

IV. CURRENT CONTROL 

In this paper we have used the hysteresis current control; 

it’s very commonly used because of its simplicity of 

implementation and its robustness. This strategy provides 

satisfactory control of current without requiring extensive 

knowledge of control system model or its parameters. 

Figure 9 presents the principle of command that this is 

mainly to maintain each of the currents generated by the 

APF’s in a band surrounding the reference currents.  

     

Figure 10. pulse generation by hysteresis band control 

 

Figure 11. Fuzzy interface system 
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Figure 12. Fuzzy rule viewer 

V. SIMULATION RESULTS AND DISCUSSION  

A program is developed to simulate the both PI 

controller based and fuzzy logic based shunt active power 

filter in MATLAB. The complete active power filter system 

is composed mainly of three-phase source, a nonlinear load, 

a voltage source PWM converter, and a fuzzy controller or a 

PI controller. All these components are modeled separately, 

integrated and then solved to simulate the system. 

A load with highly nonlinear characteristics is 

considered for the load compensation. The THD in the load 

current is 28.05%. The phase-a load current is shown in 

figure 11(b). The source current is equal to the load current 

when the compensator is not connected. 

 

 

Figure 13. Source voltage and Load current 

 

Compensation current with PI controller 

 

DC voltage with PI controller 

 

Compensation current with Fuzzy controller 

 

DC voltage with fuzzy controller 

Discussion: 

System parameters Values 

Source voltage(Vs) 400V 

System frequency(f) 50Hz 

Source Impedance (Rs, Ls) 0.1Ω, 0.15mH 

Filter impedance(Rc, Lc) 0.4Ω,3.35mH 

Load impedance(Rl,Ll) 20Ω,20mH 

DC ref voltage 680V 

DC link capacitance 2000µF 
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From the responses it is depicted that the settling 

time required by the PI controller is approximately 10 

cycles whereas in case of fuzzy controller is about 7.5 

cycles. The peak overshoot voltage incase of PI controller is 

880Volts (approx) whereas in case of fuzzy controller is 

780volts (approx). The source current THD is reduced from 
28.34% to 4.7% which is below IEEE standard with both 

the controllers. After compensation both source voltage and 

current are in phase with each other means that the 

harmonics are eliminated and reactive power is 

compensated to make power factor close to unity. As the 

source current is becoming sinusoidal after compensation 

power quality is improved.   

VI. CONCLUSION 

The  proposed  Shunt  Active  Filter  (SAF)  can 

compensate  for balanced, unbalanced  and Variable 

nonlinear  load  currents. Proposed SAF  adapt  itself to  

compensate  for  variation  in  non  linear  currents. 

Simulation  results  shown  that  system  limits  THD 

percentage of  source  current under  limits of  IEEE-519  

standard  (5%).  and  also  observed  that  Power factor  and  
Reactive  power  compensation  is improved.  
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