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Abstract 
 

Nowadays active power filter (APF) is well known technique for 

improving the power quality .It mitigates the level of harmonics to 

acceptable ratio, also it overcomes voltage sag and improves power 

factor. There are different types of APF according to its application. This 

paper will introduce a detailed design of a Shunt Active Power filter 

(SAPF). Firstly trial and error method will be used to select acceptable 

value for conventional filter PI controller parameters, Secondly particle 

swarm optimization (PSO) technique is used for tuning the filter PI 

controller by optimizing the optimal controller gains. The presented 

design is modeled and simulated by using MATLAB-SIMULINK 

toolbox. Many contributions such as design and simulation of SAPF, 

besides practical modeling of a nonlinear load for studying the effect of 

SAPF on the integrated system.         A practical verification is done and 

compared to the proposed simulated system. It is found that a good 

agreement between the experimental result and the modeled one. A 

costless   method based on Virtual experimental technique is also used 

and applied to large scale systems for obtaining predesign system with 

acceptable accuracy. The proposed filter can be adapted for any other 

loads with acceptable total harmonic distortion (THD) under the norms of 

IEEE (519-1992).  
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1. Introduction 
 

          Recently the importance of SAPF increased to overcome 

some of the system power quality violation caused by different 

types of nonlinear loads of modern technology. The IEEE (519-

1992) standard gives indication for harmonic limits at the point of 

common coupling (PCC) between the source and load to the 

acceptable range [1]. Use of non-linear electrical devices and time-

varying loads resulted in distortion of voltage and current wave 

forms and more using of reactive power in network [2].  The 

acceptable design of a filter is become more essential for 

distribution systems. This paper deals with the design and 

optimization of filter components and parameters in such a way that 

decreasing the total cost, correcting undesirable voltage profile and 

return total harmonic distortion to its permissible value according to 

The IEEE (519-1992).Passives filters were also used to mitigate the 

current harmonic distortion but on the contrary with  active filter  it 

had many disadvantages like large component size, fixed 

compensation, power losses  and the possibility  of resonance with 

the impedance of supply [3][4]. The control circuit of SAPF in this 

paper is based on the instantaneous power theory (PQ theory) where 

the used controller is responsible for estimating the compensating 

currents needed to be injected to the system to compensate the 

harmonics that produced from nonlinear loads [2].Many 

optimization techniques are made on to find the best values for PI 

controller terms proportional term (KP) and integral term (KI) [5]. 

With a proper values to KP and KI the system will work on the 

Minimum total harmonic distortion value (THD) and allows the 

supply system to work with more nonlinear loads. 

         Optimization techniques help in optimizing PI controller 

parameters where every value of KP and KI changes THD value till 

reach to the minimum value. PSO one of the well-known 

Optimization techniques, proposed by Dr. Kennedy and Ebehart in 

the year 1995 [6], and was used to get the minimum THD in 

waveforms for proposed nonlinear load with the help of MATLAB 

Simulink.  PSO technique was used in many other researches [7-8] 

and proves its validity.  
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According to filter topology there are two power filter types, SAPF 

and series Active Filter [9]. SAPF used to reduce current harmonics 

in system supply [10] and series filter help in Improving the voltage 

quality .In this approach   SAPF will be used   with nonlinear load 

where SAPF measures the load currents and voltages and generates 

compensation currents to decrease the harmonics present in the 

system [11]. 

This research can contribute the following: 

1)  Design and simulation of SAPF 

2) Experimental modeling and simulation of nonlinear load 

3) Studying the effect of SAPF integrating to the nonlinear load.  

4) Virtual experimental technique which is a cost less method 

which can be applied with large systems to obtain predesign 

system with acceptable accuracy. 
         

          This paper is categorized into five sections as follows: 

section.I is an overview, section.II introduces the PSO algorithm. 

Section.III and IV explain both the SAPF design and system 

modeling with help of simulation results with comments. The final 

concentrated points and results are introduced through the 

conclusion in section.V. 
 

II. PARTICLE  SWARM  OPTIMIZATION ALGORITHM 
 

          The main issue for optimization is to find the best solution to 

a problem by using a given set of values  .PSO is one of the best 

methods comes from nature used to solve the optimization problems 

that extracted from birds and fish searching food behaviors [6]. The 

presented method is used to optimize the SAPF parameters to obtain 

a higher performance. PSO solves a problem by trying to collect 

randomly a set of different solutions, and try to update it every time 

to get the best result. The single solution in the search space is 

called particle. Fitness values for particles are estimated by the 

fitness function for optimization, and have velocities which direct 

the flying of the particles. By PSO method The velocity and the best 

position achieved by each particle in the swarm to all other particles 

which is represented by Equation.(1) and (2), respectively. 
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                         (1) 

                               (2) 
    

          Where Vs(t) is the velocity of  particle s in t time, Xs(t)  is the 

position vector of particle s in t time; Pbest is the personal best 

position, Gbest is the best position of the particle at present; w is the 

inertia weight; c1, c2 are  acceleration constants, named cognitive 

and social parameters respectively ,r1 and r2 represent the  random 

functions within  limit [0, 1].  

      The main purpose of this paper is to concern on the 

minimization of THD by using PSO optimization theory to get the 

optimum values of PI controller parameters KP and KI  for 

mitigating the undesirable harmonics. The main fitness function will 

be studied in this paper as shown in Equation(3): 

                              (3) 
         The following PSO algorithm shown in Fig.1 indicates the 

procedure of  KP and KI optimization. 

 
Fig.1. PSO Flow chart for KP and KI optimization.   
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III. Shunt Active Filter  Design 
          Fig. 2 shows SAPF component with the supply and the 

nonlinear load and Fig.3 shows the simulation diagram of its control 

part  .The load configuration and the system parameter used in this 

paper is listed in Table.1 where the load used is a three phase 

rectifier with resistive load that represents the nonlinear load and the 

filter is SAPF. 

 
 

Fig.2 SAPF Components 
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2.1 Component sizing  
(1) DC Voltage selection 

     To guarantee a good compensation from the Active filter  to the 

system the  dc bus voltage should be greater than the phase peak 

voltage of the system reaches to  the twice of its value Equation.(4) 

used to calculate the dc bus voltage[12]. 

 

                      (4) 

 

     Where, VLL is the line voltage of source that including harmonics 

and m represent the modulation index m=1. 

1) DC Capacitor selection 

     To calculate the value of the dc capacitor from the DC voltage 

reference (Vdc)   Equation.(5) is used [13]. 

                        (5) 
 

          Where, Vdc1, a, V and I are the minimum voltage of dc bus, 

the factor of over loading, the phase voltage and current respectively 

where a taken as 1.2.  The time taken by the dc bus voltage to be 

recovered is t  

)    3) Filter inductance selection 

         The main function of the filter inductance introduced in SAPF 

is to reduce the ripples and high frequency component of the 

compensating current and taking into consideration that the injected 

current di/dt   generated by the SAPF is greater than the reference 

compensating current to follow its reference. By determining the 

ripple current and switching frequency filter the approximate value 

of inductance can be calculated according to Equation. 6. 
 

                                   (6) 

        

          Where the value of maximum ripple ∆If max is 15% of the 

filter current and ωsw is the switching frequency [13]. 
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Fig.4. The pulses to the inverter IGBTs using hysteresis 

current control 

 

 
Fig.5. The proposed system with PSO. 

 

A. Proposed Filter system  control 

           SAPF control includes different types of control techniques 

and controllers. PI and hysteresis controllers are used and simulated 

in the proposed SAPF as shown in Fig.3. 

1) Instantaneous Power Theory 

       The control technique of SAPF used in this paper is based on 

the PQ theory where it aims to find a strategy to compensate 

harmonic currents that produced by nonlinear loads using active 

power filters. The compensating current signals are produced by 

comparing these currents with filter currents in hysteresis controller 

[2][3].  
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2)  Hysteresis Current Controller 
 

         Hysteresis current controller (HCC) is used to send the 

switching signals to the IGBT of filter inverter. Fig.4 shows the 

IGBT’s inverter, the inverter pulses are generated based on HCC. 

HCC works independently for each phase of the filter inverter. This 

controller makes comparison between the actual source currents and 

the desired reference currents to generate the error current (ΔI). If 

ΔI exceeds the upper limit of the hysteresis band, the upper IGBT is  

OFF and the lower IGBT is ON. If the error current falls to the 

lower limit of the band, the upper IGBT is ON and lower IGBT is 

OFF  and the same action are repeated for other phases. Finally, the 

filter can compensate the harmonic currents detected in the source . 

PI Controller.(3) PI controller is the most important part in the 

control process of  SAPF, the capacitor voltage (Vdc ) is sensed and 

compared with the reference value (Vdcref ). The PI controller Input 

is the error value (e), Where e(t) = Vdcref – Vdc , and the output, 

after a specified  limit, is the magnitude of peak reference current 

(max I) as Fig.5 indicates. From Equation.(3) it‟s observed that the 

minimization of THD is main target of this work and it will be the 

fitness function .The PI controller output u(t) is given by 

Equation.(7) : 
 

                (7) 

, And its Transfer function is: 

               (8) 

          The main issue in PI controller design is to get the desired 

values of its  gains KP and KI for the best performance of filter .By   

PSO technique these values can be obtained. Fig.1 shows the PSO 

flow chart to optimize the KP and KI values 

III. MODELING OF PORPOSED SYSTEM 

          The proposed modeling strategy can be summarized in the 

following steps:  

1)  Design an experimental nonlinear load then the values of 

power quality elements Voltage, Current, Power Factor and 

THD are measured and recorded with a suitable device with a 

good accuracy as Fluke 435 quality meter. 
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     2)  Design and simulate of the nonlinear load in the previous step 

in the environment of Matlab Simulink to obtain the same previous  

measurements. 

3) Using the virtual technique where the proposed filter designed 

in Fig.4 added to the simulation load to study its effect on the 

quality of the system under study. 

B.  Experimental load Identification 

        Typical 400V 50HZ system with balanced nonlinear load 

developed in laboratory to be analyzed with quality meter .The 

experimental load taken as example for nonlinear load will be pure 

resistance with three phase diode bridge rectifier. Fig.6 shows 

schematic diagram to the target system connected with analyser. 

The parameters of the supply, cable and load are listed in Table.1. 

        The type of diodes used with three phase rectifier is 

SEMIKRON (SKKH72).The results are taken with Fluke 435 power 

quality analyser and the AC line voltages and currents are sensed 

using Fluke leads and clamps supplied with the device. The Fig.7 

shows the proposed system connected with the analyzer 

. 

 
Fig.6. Connection of System with quality analyser 
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Table 1. System and load Parameters. 

 

PARAMETER  VALUE 
Source  side 

Supply3Ф transformer: 

Resistance (RS): 

Inductance  (LS): 

  

400V,50HZ, 

0.001 ohm 

1e-8  H 

Cable 

Resistance  (Rc) 

  

0.01 ohm 

Load side 

3Ф diode bridge rectifier 

Load Resistance (RL 

  

 

43 ohm 

 

Equation.(9) used to calculate transformer Rs and Ls. 

             (9) 

 Where, 

  :The rating of the transformer in Volt-Amber, 

 Ztx: Percent impedance in transformer name plate,   

 Rs : Transformer resistance, 

 Xs : Transformer reactance, 

 V   : Phase-to-phase voltage (V), 

Taking X/R=5  (for typical transformer) to get the Ls value. 

, Equation.(10)  Used to calculate cable resistance(Rc). 

              (10) 

Where, 

 : Specific resistance for copper (0.01851 Ωmm2 /m). 

L : length of the conductor (m). 

A : Cable cross section (m2 ). 
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Fig.8 shows the measurements taken by the power quality analyser  
 

Fluke435 after switching on the load where the total harmonic 

distortion in three phase supply currents is (THD=30%) and the 

profiles of three phase waves of currents and voltages are also 

included in the same figure 

 

 

 

. 
  

 

 

 

 

 

 

Fig.8. Three Phase THD, Current and Voltage of supply. 
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Fig.9. The Simulink Model of the system without SAPF. 
 

 

C. Matlab simulation results for the load under study 

         To check the validation and reliability of SAPF on power 

quality the same experimental load and system with the same 

parameters on Table.1 will be modeled with MATLAB/Simulink 

software package. The characteristics and properties of the supply 

current and voltage at point of common coupling (PCC) without 

SAPF will be recorded and compared with the previous 

experimental measurements to prove the similarity. Fig.9 indicates 

the Simulink model for the system and the nonlinear load without 

SAPF where a three phase source connected to the nonlinear load 

directly. 

           From the simulation results in Fig.11 and Fig.12, there‟s a 

high harmonics distortion during the system operation nearly 30% 

for the three phase source currents as the experimental 

measurements gives. 

D. System with SAPF controlled by PI- controller.  

           This part discusses and illustrates the response of the system 

after using SAPF with random selection of  PI Controller 

parameters. The parameter of the SAPF are listed below in Table. 2 

and the Simulink model in Fig.10.  
 

With SAPF without PSO tuning THD decreased to 9.5% as shown 

in Fig.14. 
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Table 2. SAPF Parameter. 

 

System Parameters  Value 

Filter Inductance 

DC Capacitance 
DC Reference Voltage(Vdc) 

 
3.3mH 
40UF 
750V 

 

E.  System with SAPF controlled by PI controller based on PSO 

tuning.  

            Using PI Controller based on PSO tuning gives more 

improvement to the filter performance .Table.3 shows the PSO 

parameters used for verifying the performance of the PSO-PI 

controller. The curve of cost function represent THD value with 

respect to number of iterations, is plotted and shown in Fig.15. THD 

value by using PSO technique is 5.5441%, as shown in Fig.17 for 

gains KP=16.884 and KI=2.0737 all are obtained after 100 

iterations compared with THD = 9.5% before using PSO. For this 

particular values of THD value is acceptable under the norms of 

IEEE. 

 

Table 3.  PSO Parameters 

 

PSO Parameters  Value 

No. of birds 
Iterations 

W 
C1 
C2 

Problem dimensions 

30 
100 
0.9 
2 
2 
2 
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Fig.13. Simulink model for load with SAPF 

 

 
Fig.11. Three Phase Voltage and Currents Waveforms before compensation 
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Fig.12. Harmonic spectrum of source current without SAPF 

 

 
  

 Fig.14. Source current waveform and its THD 

with  using SAPF 
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Fig.15. The PSO Graph for 100 iteratio 

 
 

 
 

 

Fig.16. The three phase current and voltage after 

compensating. 
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Fig.17. Harmonic spectrum of source current with SAPF 
 
 

Fig.16 shows the voltage and current waves of the supply at PCC 

it‟s found that by applying SAPF the current waves becomes more 

sinusoidal better than the wave in Fig11. Fig.18 Indicates on the 

same scope the improvement occurred to the system before and 

after compensating where the SAPF-PSO connected to the system at 

(T=0.07S). Fig.18 shows the three phase source voltage and current 

before and after compensating. Fig.19 shows the improvement 

occurred to the THD and power factor PF values where THD falls 

from 30% to about 5% and the improvement occurred to the value 

of power factor from below 0.96 to near unity power factor 
 

 
 
 

Fig.18. The change in source voltages and current 
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Fig.19. The improvement in THD and Power Factor after 

compensation 
 

           From all above results Table.4 shows the change occurred to 

the Power quality elements either THD or power factor (P.F) values 

before and after using SAPF to prove how far SAPF effect on 

system quality improvement. 
 

Table 4. THD and P.F Comparison Table 
 

Condition THD % P.F 

Load Experimental Results 
Load Simulation without SAPF 

Load with SAPF 
Load with SAPF-PSO 

30% 
30% 
9.5% 

5.5% 

0.96 
0.96 
0.99 

0.99 
  

II. CONCLUSION 
     

          A detailed design of SAPF is introduced in this paper to prove 

that an enhancement of power quality in terms of THD in source 

current and the reactive power compensation are achieved .The 

parameters of PI controller are designed based on conventional 

method and optimized with advanced PSO. It is found that the PSO 

gave accurate and best results. The value of THD in source currents 

is  about 30% and reduced by SAPF to 9.5%. By optimizing the 



  105  Optimal Design of Shunt Active Power Filter …  87 - 107  

 ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ

 
 

gains of PI controller the THD value is reduced from 9.5% to 

5.54%. The virtual SAPF is used with a practical nonlinear load 

after modeling it to check its validity with any system .So it can be 

clearly stated that with the application of SAPF with the system, 

harmonics present in the source current are mostly compensated and 

by the optimization of PI controller using PSO technique further 

reduces the harmonics on the PCC of source side. The proposed 

filter can be adapted for any other loads with acceptable total 

harmonic distortion under the norms of IEEE (519-1992).  
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 الملخص العربي
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 علي تقنيت التركيب المعولي الافتراضي للورشح
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