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Abstract: PQ phenomenon has gain an overwhelming attention 

in recent years for extensive use of complicated industrial 

processes. In the modern world, the usage of intelligent 

algorithms to enhance power quality is increasing gradually as 

the present day utility system as a linear model is unsatisfactory 

and ineffective. This paper emphasis on comparative analysis of 

PSODE with traditional PSO and DE for the harmonic reduction 

in source current with optimal tuning of proportional integral (PI) 

controller gain values. The SAPF is dominant among the power 

quality conditioners used to limit the current variations that are 

induced in the utility system because of nonlinear loads. The 

reference current generation is based on PQ theory. The 

instantaneous switching of voltage source inverter (VSI) is taken 

care by hysteresis band current controller (HBCC). The 

pro-effective simulations are implemented in the 

MATLAB/SIMULINK environment, which even supports the 

efficacy of the present day power system. 

 

Index Terms: PQ theory, power quality (PQ), particle swarm 

optimization with differential perturbed velocity (PSODE), shunt 

active power filter (SAPF) and THD. 

I. INTRODUCTION 

The use of nonlinear loads for process control application in a 

utility power system is the root cause of harmonic injection 

into the electric utility. The SAPF is the major solution to 

address these power quality disturbances these days. The 

SAPF is a power transistor technology that is presently 

considered as most versatile apparatus for minimization of 

current variations. L. Gyugyi [l] during 1970‟s first quoted the 

terminology of active power filter (APF). Even today, this 

research is in progress in different directions on several other 

issues of APFs related to arrangement, quantity, manage and 

setting up the apparatus.  

The SAPF includes a voltage source inverter(VSI). The 

switching operation related to the power switches of VSI is 

discussed as reference generation theories or control 

strategies. This control strategy for the APF was first 

elucidated by H. Akagi [2] are in terms of supply and load 

current and load voltage detection. The global standard 

recommendations and necessities for current variation control 

in electrical systems impose a few limitations [3]. The power 

utility easily meets these standards today with the advent of 

power conditioners like SAPF. 
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Since 1970‟s, the power electronic based shunt APF is an 

striking solutions in minimizing current variations ensuring a 

better power quality and distribution system, as shown in 

Fig.1.  

 

Fig.1.Illustration of SAPF in Electrical System 

In literature, shunt and series APFs are the two types of 

APF‟s dominating the minimization and compensation 

requirements in utility systems [4]. Looking into the 

investigate & advance, the SAPF is well-suited to discuss 

harmonics in the supply current, while the series APF is best 

chosen to compensate the voltage disturbances in line voltage. 

The APFs created by Akagi, provides, the satisfactory 

exhibitions of harmonic elimination [2],[5]. 

PI controller in the reference current theory addresses 

harmonic mitigation. The KP and KI  gains of PI controller 

needs a pricise calculation. Such calculation usually for a 

linear sysytem with linear loads is calculated by 

Ziegler–Nichols, Cohen-Coon methods. But these methods 

contradict in case of nonlinear loads.  

 In recent years, heuristic algorithms [6] like genetic 

algorithm (GA), particle swarm optimization (PSO) [7], 

simulated annealing (SA),  evolutionary programming (EP) 

and tabu search (TS) algorithms are presented to solve the PQ 

problems. 

During the next few years, price and storn presented a 

powerful search space exploration technique called 

Differential Evolution (DE) to solve power problems [8], [9].  

M.Basu[10] applied DE for solving the power flow problems 

using FACTS devices.  Later, many more hybrid algorithms 

are introduced exploring the search space requirements.  
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The hybrid differential evolution (HDE) was engaged for 

deciding  capacitor placement [8]. Finally, the obtained 

outcome were cheering and promising for advance research in 

this direction. 

The present paper employs an improved hybrid algorithm 

called PSODE algorithm to answer the PQ problems with non 

soft functional signals. This algorithm is a hybridized from the 

principles of  PSO and DE algorithms. This power electronic 

semiconductor technology made SAPF is a FACTS device is 

connected at critical point compensate the concerned power 

quality disturbance. The harmonics, once induced into source 

currents because of nonlinearity, get mitigated with the help 

of SAPF by injecting reverse harmonic currents into the line. 

The reference currents generation is based on PQ theory. 

Hystersis Band Current Controller by  these reference 

currents generates the required gating pulses. The PI 

controller in PQ theory, along with current varaition 

mitigation does active and reactive power compensation. 

Here PI controller needs the fine-tuning of KP and KI gain 

values. Further, these gain values are optimized using a 

PSODE optimization algorithm for bettering THD. 

II. SHUNT ACTIVE POWER FILTER (SAPF)  

A 3-ϕ, 415V, 50Hz generated supply is made to be 

transmitted to the complicated process control system which 

is meant to distribute to the nonlinear load. The SAPF 

parameter design is as follows: 

The DC link Capacitor Voltage (Vdc)  is calculated as: 

m

v
v

LL

dc
3

22
                                                             (1) 

Where, m : modulation index and  

              VLL: AC line voltage. 

It is usually 1.5 times the supply voltage. 

 

The DC link bus capacitance (Cdc) is calculated from the 

following expression. 
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Where, Vdc: DC reference voltage, 

             Vdc1: actual DC bus voltage,  

         'a' : the over loading factor chosen as 1.2,   

             V : the source voltage, 

          „I‟: the phase current and  

          „t‟ : recovery time of DC bus voltage [6].  

A. PQ Ttheory 

The reference current generation for mitigation of harmonic 

currents here is based on PQ. The Clarks and parks 

transformation and their inverse transformation [2-5] is the 

basis for PQ theory. The prime duty of this theory is 

fundamental component extraction using butterworth filters. 

The load currents and source voltages are measured and 

utilized for reference currents generation. The design of pq 

theory is illustrated as shown in Fig.2.  

 

Fig.2.PQ Theory for reference current generation. 
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B. HBCC 

The error signal obtained from reference currents (iabc
*
) and 

the actual injecting currents (iabc) are supplied to HBCC to 

generate the required gating pulses of VSI [9]. The control 

phenomenon is given in Fig.3.   

 

 

Fig.3.HBCC phenomenon and switching logic. 

The outputs of HBCC are the resultant gating pulses for the 

six switches (S1-6) as shown in Fig.3. 

 C. PI Controller  

The Kp and KI gains of the PI controller responds to the error 

and steady state recent past error respectively. The reference 

currents generated for controlling APF are based on equation 

(11). The output of the PI controller is as follows: 

  vkvvkii sninssnpnlossnloss


 )1()1()(
                          (3) 

Where, (Vsn-Vs(n-1)): the error between the reference DC link 

voltage (Vdc
*
) and the actual DC link voltage (Vdc) at the n

th
 

sampling instant.  

The placement of the PI controller is shown in Fig.2 [6]. 

III. (PSODE [11, 13] 

The limitation of PSO is the stagnation of particles once 

they have prematurely converges to any particular region of 

the search space. The weak local exploitation ability and low 

convergence velocity limitations of the search space defame 

DE. Now by overcoming the limitations of PSO and DE 

including a differential operator (from the DE algorithm) in 

the velocity revise method of PSO a new hybrid evolutionary 

algorithm called PSODE is introduced. Here the two 

randomly selected particles are called by the operator to the 

position vector. Here, in addition to the PSO mechanism, 

shifting of a particle to a new location when it yields better 

fitness value is enhanced, i.e., choice scheme is imbibed into 

the swarm dynamics. The two distinct particles are selected 

along with the particle i (i  j   k, where j, k are distinct 

particles) in PSODE algorithm. The difference vector is 

obtained by the difference of their positional coordinates. 

jk XX


                                                            (4) 

The updating of particle 'i' with d-th velocity component (1 < 

d < n) is as follows: 
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Where CR: crossover possibility, 

             d :difference vector and  

               : scale factor in [0, 1].  

To have extra exploration capabilities the vector 

differential operator replaces the cognitive part of the velocity 

update formula. For 1CR , few velocity particles will hold 

their past values. The past position Xi with new velocity leads 

to a new trial location:
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                                                 (6) 

The better fitness value is produced when identified 

particle is fixed at the new. The target particle with 

minimization of the n dimensional function )(Xf  is 

represented as follows: 
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(7)     

The particle either moves or stays at its previous 

location whenever there is a change in its velocity. In PSODE, 

Plid always equals Xid. So |Plid-Xid| will be the intellectual part 

of the algorithm which is definite, unlike in PSO. By the 

mutation concept the stagnant particle is moved to new 

location in search space for a pre determined number of 

iterations. The PSODE algorithm makes the swarm moment 

escaping the local minima problem and it is given as: 
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Next, then for (r=1 to n) 
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Where f *: objective functions global minima,  

            N:Number of iterations to find fitness value, 

            (Xmax, Xmin): search space bounds [11-13].  

The approach procedure is clearly shown in flowchart for 

PSODE algorithm is as shown in Fig. 4.  

IV. THE PROBLEM DEFINITION 

The objective function is defined as follows:  

 minimize f = Current variation in THD                               (9) 

The transfer function of the PI controller is represented 

by:  

s
s k

kG I

pc
)(

                                                     

(10)         

The gain KP and the KI of the PI controller are optimally 

tuned by the PSODE algorithm is as shown in Fig.5. 

 

The output of the PI controller u (t) is given by: 



t

ip
dttetetu kk

0

)()()(

                                         

(11) 

 

 



 

SAPF for Power Quality Improvement Based on PSODE Optimization Algorithm 

 

3457 

 

Retrieval Number: B2517129219/2020©BEIESP 

DOI: 10.35940/ijeat.B2517.029320 

Published By: 

Blue Eyes Intelligence Engineering 

& Sciences Publication  

 

Fig.4.Flowchart of PSODE algorithm. 

 

Fig.5.Control System of PI -PSO. 

V. SIMULATION RESULTS 

The effective dynamic simulation is carried out in 

MATLAB/Simulink environment. The PQ concerns in the 

present work are source current harmonics which are mainly 

caused due to nonlinear loads. The power electronic 

converters (diode bridge rectifier) with the RL load makes the 

nonlinear load phenomenon in the simulation environment. 

System parameters for simulation are given in Table I. The 

SAPF developed in MATLAB/Simulink for PQ enhancement 

is shown in Fig.6. 

 

 

Fig.6.SAPF MATLAB/Simulink model for source current 

THD mitigation. 

Table I. System parameters for Simulaton 

 

 
 

The source current distortion due to the nonlinear is as 

shown in Fig.7(a). With no filter action the phase A, source 

current THD is 26.78% of FFT analysis.  The compensating 

current generated by the PQ theory is shown in Fig. 7(b). The 

graphical illustration of a reduction of harmonics in the 

system is illustrated in Fig.7(c). 

 

Fig.7. The simulation results of source current with 

PSODE Algorithm showing a) before compensation. b) 

The SAPF compensating currents. c) after compensation. 
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The compensating currents as shown in Fig.7.(b) is injected 

by SAPF into utility to make ripple free source current as like 

Fig.7.(c).  

The SAPF controlled and optimized by PSO based on the PI 

controller, DE based on the PI controller and PSODE based 

on the PI controllers are applied and discussed for 

comparison. PSO Algorithm based on PI controller is tested 

for limiting the source current. The variables considered for 

fitness convergence are PI controller Kp and Ki gains. In this, 

the population size is chosen as number 10 and the optimized 

control parameters and corresponding fitness values are give 

in the Table II. The concerned minimization fitness value of 

current variation THD is reduced to 1.32% (average value 

after 10 runs each) and 1.31% is not considered because the 

C1converge to 0 value limit) making the KP and KI ranges 

from (0, 200) (By Trial and Error method) varying C1 and C2 

(following the empirical relation C1+C2=4 by Trial and Error 

method and literature survey) where C1 and C2 are 

acceleration coefficients of PSO Algorithm. The optimization 

is run for 100 iterations. The PSO Algorithm fitness 

convergence graphs are shown in Fig.8 

Fig.8. Source current THD Convergence of fitness with 

PSO Algorithm. 

Table II. Control Parameter Evaluation For Source 

current THD Convergence of fitness with PSO Algorithm 

S.No C1 C2 KP KI %THD 

1 0 4 3.5802 200 1.31 

2 0.5 3.5 7.1377 177.56 1.44 

3 1 3 5.315 184.2 1.37 

4 1.5 2.5 6.7869 189.38 1.32 

5 2 2 16.199 107.67 1.66 

6 2.5 1.5 5.8584 182.84 1.37 

7 3 1 6.751 179.19 1.38 

8 3.5 0.5 7.257 179.68 1.39 

9 4 0 4.237 200 1.37 

 

DE Algorithm based on PI controller is tested for limiting 

the source current. The variables considered for fitness 

convergence are PI controller KP and KI gains. In this, the 

population size is selected as 10 and the optimized control 

parameters and corresponding fitness values are given in the 

Table III. The concerned minimization fitness value of 

current variation THD is reduced to 1.32% (The value after 

10 runs each) tuning KP and KI in the range (0, 200) (By Trial 

and Error method) varying CR and F. Where CR and Fare 

crossover and mutation coefficients of DE algorithm. The 

optimization is run for 100 iterations. The DE algorithm 

fitness convergence graphs are shown in Fig.9. The suitable 

crossover rate (CR) for better optimization is 0.9 (By Trial 

and Error method) and Mutation constant (F) is varying 

between 0.5<F<1. 

 

Fig. 9. Source current THD Convergence of fitness with 

DE Algorithm making CR=0.9 constant and F variable. 

Table III.  Control Parameter Source current THD 

Convergence of fitness THD in SAPF with DE Algorithm 

The performance of the best combination of PSO 

(C2=2.5) is applied along with Differential Perturbed 

Velocities to have PSODE algorithm based PI controller. The 

PSODE Algorithm based on PI controller is tested for limiting 

the source current. The variables considered for fitness 

convergence are PI controller KP and KI gains. The 

population size is chosen as 10. The optimized control 

parameters and corresponding fitness values are illustrated in 

Table IV. The concerned minimization fitness value of 

current variation THD is reduced to 1.29% (The best value 

after 10 runs) tuning PI controller KP and KI in the range (0, 

200) (By Trial and Error method) varying C2 along with CR 

and F (following the empherical relation 0<CR<1, 0<F<1 by 

Trial and Error method).  

 

S.No 

C1=1.5, C2=2.5 

Kp KI %THD 
CR F 

1 0.9 0.5 5.19 199.78 1.31 

2 0.9 0.6 6.16 197.61 1.30 

3 0.9 0.7 3.22 200.00 1.29 

4 0.9 0.8 4.65 191.17 1.35 

5 0.9 0.9 4.47 196.71 1.30 

6 0.9 1.0 5.55 195.34 1.30 
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Where CR & F are crossover & mutation coefficients and 

C2 is acceleration constant of DE and PSO Algorithms 

respectively. The minimization criterion is processed for 100 

iterations. The corresponding fitness convergence graphs 

with PSODE Algorithm are shown in  

Fig. 10. The suitable crossover rate (CR) for better 

optimization is 0.9 (By trial and error method) and the 

mutation constant (F) is varying between 0.5< F<1. 

Fig.10. Source current THD Convergence of fitness with 

PSODE Algorithm making CR=0.9 constant and F variable. 

The main concentration is kept on how the hybridized 

algorithm of PSODE effectively works to overcome the 

limitations of PSO and DE. The comparative results are 

illustrated in Table V. The comparative convergence of the 

PSO, DE and PSODV algorithm for the best result of the 10 

test runs is shown in Fig.11. 

Table IV. Control Parameter Evaluation For Source 

current THD Convergence of fitness With PSODE 

Algorithm 

S.No. CR F KP KI %THD 

1 0.9 0.5 62.255 102.45 1.77 

2 0.9 0.6 49.942 98.808 1.79 

3 0.9 0.7 62.219 200 1.7 

4 0.9 0.8 5.2322 199.98 1.34 

5 0.9 0.9 5.2627 200 1.32 

6 0.9 1 12.698 200 1.56 

 

 

Fig.11.Comparison of Source current THD Convergence 

of fitness with PSO, DE, PSODE Algorithms. 

 

Table V. Convergence of source current THD  With 

different algorithms 

Algorithm 
Best Average Variation 

PSO 1.32 1.66 0.34 

DE 1.32 1.45 0.13 

PSODE 
1.29 1.33 0.04 

Comparison of the proposed method with the other 

methods is given in Table VI.  The proposed method is 

superior to other methods in reducing the THD value. Though 

the other methods in Table VI also got THD values less than 5 

% as prescribed by IEEE standards [3], it is always desirable 

to reduce THD as much as possible. This minimizes the 

heating of various equipment and mechanical stress on 

bearings and shafts of motors. This reduction in THD is 

achieved with optimizing the PI parameters and without any 

additional device or cost.  

Table VI. The Comparison Of Source Current THD With 

The Other Methods 

Type of Controller/ Algorithm THD(%) 

PI Controller[14] 3.84 

Fuzzy Controller[14] 3.59 

Neural Controller[14] 3.07 

PSO Based PI 1.66 

DE Based PI 1.45 

PSODE Based PI 1.33 

VI. CONCLUSION 

The comparative performance analysis of the shunt active 

filter based on PSO, DE, PSODE techniques are discussed in 

this paper. The Comparative analysis of PSO, DE, and 

PSODE techniques shows that PSODE Optimization has a 

merge over others. The limitations of PSO and DE are 

overcome in PSODE. The rate of convergence and searching 

process is better in PSODE when compared with PSO and 

DE.  The DC link voltage is synchronized to the required level 

of voltage with a no time delay. The simulation results are 

presented to demonstrate the efficacy of the proposed 

algorithm. 
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