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Abstract- This article proposes an efficient optimization algorithm called Mayfly Optimization Algorithm (MOA) to configure 
a dc-link voltage with optimal PI-controller gains to enhance a three-phase three-wire shunt active power filter's dynamic 
performance (SAPF). The minimization of Total Harmonic Distribution (THD) is considered an objective function by optimizing 
the proportional and integral gain values of the PI-controller. The performance of the optimized controller is evaluated under 
variable load conditions. The effectiveness of the proposed algorithm is tested using the MATLAB/SIMULINK tool and 
compared with other optimization algorithms such as Particle Swarm Optimization (PSO), Artificial Hummingbird Algorithm 
(AHA), and Archimedes Optimization Algorithm (AOA). The simulation results prove the ability of MOA to get the optimal PI-
Controller gains lead to optimizing the settling time, dc-link voltage overshoot, and steady-state error which attain enhancement 
of the SAPF controller performance and achieves THD in the drawing source current with minimum and acceptable values 
according to (IEEE-519) harmonics standard. 

Keywords Power Quality, Total Harmonic Distortion, Shunt Active Power Filter, PI-Controller Tuning, Mayfly Optimization 
Algorithm. 

 

1. Introduction 

Excessive use of power electronics devices and non-linear 
loads in the Point of Common Coupling (PCC) generates 
harmonic currents that degrade electrical power quality (PQ) 
[1]. Because of the problems caused by the current harmonics 
in the distribution systems, such as loss, instability, noise, 
heating devices, etc.; therefore, it is desired to reduce their 
danger and reach the safe and permissible limit, where the 
Total Harmonic Distortion (THD) acceptable limits are 
provided by IEEE-519 standards [2]. 

Shunt Active Power Filter (SAPF) is an appealing method 
for current harmonics mitigation, reactive power 
compensation, and power factor correction. As shown in fig. 
1, where the configuration of SAPF consists of two main parts: 
the active filter controller and the Voltage Source Inverter 
(VSI). The control unit is responsible for determining the 
instantaneous suitable firing signals, which are continuously 

passed to the VSI which injects a controlled compensation 
current into the power system [3, 4]. The DC-link capacitor 
used in the VSI's front side is used to provide reactive power 
management to the grid [5]. VSI is necessary for connecting 
DC-side to the three-phase distributed power system. 
According to the firing signals, VSI injects a compensating 
current to limit distortion in the source current [6]. 

The VSI switching process is investigated using reference 
generating theories or control strategies. The SAPF control 
strategies can be applied in two stages: the first stage is 
extracting compensating signals from the distorted signals 
using the reference current generation theories, and the second 
stage is generating suitable firing signals to control the SAPF 
switching devices using the signal estimated reference 
methods [7]. In [8, 9] authors compared the different control 
strategies of SAPF. 
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Fig. 1. The main components of SAPF and its integration at 

PCC [4]. 

Harmonic mitigation is handled by the PI-controller 
which is contained in reference current theory, where the Kp 
and Ki gain values of the PI-controller must be carefully 
optimized. The conventional method of tuning the PI-
controller gains involves linear modelling and leads to the 
non-optimal tuning of gains [10, 11]. So, different 
metaheuristic optimization algorithms are used for PI-
controller tuning. There are many control algorithms reduce 
current harmonics and add new possibilities to the converter 
[12]. For example, particle swarm optimization (PSO) [13-
16], simulated annealing (SA), Atom Search Optimization 
(ASO) [17], and genetic algorithm (GA), [18]. Recently, new, 
and modified optimization algorithms are applied for the same 
purpose; therefore, this article aims to introduce robustness 
and efficient algorithms to achieve the target and reach the 
desired objective function compared with other algorithms. 

In this paper, the reference current generation is based on 
instantaneous active and reactive power theory (PQ-theory). 
By the estimated reference currents, the required gating pulses 
are obtained using Hysteresis Band Current Controller 
(HBCC) method as shown in fig.2 [19]. The PI-controller for 
a dc-link voltage in PQ- theory needs the fine-tuning of its 
gain values, Kp and Ki. Further, the motivation of this article 
is based on a Mayfly Optimization Algorithm (MOA) which 
was proposed and tested against other previously and recently 
algorithms like (PSO), Artificial Hummingbird Algorithm 
(AHA), Archimedes Optimization Algorithm (AOA) to get 
the optimized PI – controller gain values and get the objective 
function with minimization of THD, and the performance of 
the optimized controller is evaluated under variable load 
conditions. 

 
Fig. 2. Configuration of The SAPF Controller [19]. 

2. Proposed Controller of SAPF 

2.1. The instantaneous active and reactive power theory (PQ-
theory) 

The constant instantaneous power control strategy based 
on PQ-theory has been designed for three-phase three-wire 
systems with sinusoidal and balanced source voltage. To 
implement this theory, the (a,b,c) three-phase values for 
source voltage and load current are sensed and transformed by 
Clarke transformation into (α,β) components which are the 
input signals for the instantaneous power calculation. the 
power losses component taken by a dc-link voltage based on 
the error signal which extracted from the reference and 
measured dc-link voltages values, then this error signal is 
introduced to a PI-controller to get (Ploss). The (α, β) 
components with the active and reactive powers are handled 
too (α, β) current calculation to estimate the reference (α, β) 
current components which are inversed by inverse Clarke 
transformation to get the desired reference current signals as 
shown in Fig.3 [20- 24]. 

 
Fig. 3. Design of instantaneous active and reactive power 

theory. 

2.2. Hysteresis Band Current Control (HBCC) 

The Current signals obtained by the PQ-theory controller 
𝑖𝑖𝐶𝐶 𝑎𝑎,𝑏𝑏,𝑐𝑐
∗  and he actual injected currents  𝐼𝐼𝐶𝐶 𝑎𝑎,𝑏𝑏,𝑐𝑐 are given to the 

HBCC for generating the VSI necessary gating signals. Figure 
4 shows the control phenomenon, where the output signals of 
the HBCC are the input pulses to the six switches (S1-6) of the 
VSI [25]. 

 
Fig. 4. HBCC and switching logic. 
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3. Mayfly Optimization Algorithm (MOA). 

3.1. Mayfly Optimization Algorithm Definition 

The MOA is an enhanced optimization algorithm. It 
combines the benefits of the PSO [14, 26], GA [27], and firefly 
algorithm (FA) [28] to provide a strong hybrid algorithm 
framework. The crossover technique and local search are 
employed based on the mayfly’s social behaviors. By 
Assumption, after hatching the mayfly always will be an adult, 
and the strongest mayfly will survive. Each mayfly's location 
in the search space symbolizes a possible solution [29]. 

 3.2. The MOA Principal Operation  

The performance of the proposed solution which is 
represented by the n-dimensional vector x = (x1, x2, …., xn), 
which is made up of two swarms of mayflies, females, and 
males, is assessed using the pre-set objective function f(x). 
The change in the mayfly's position is represented by a speed 
vector v = (v1, v2, …, vd). Each mayfly's flight path is the result 
of a dynamic interplay between their personal and communal 
flying experiences. The mayfly will specifically alter its 
course each time to obtain its personal best location, which is 
the best location attained by every mayfly in the swarm [30]. 

3.3. The Flow Chart of MOA 

The steps of implementation of the MOA are clearly 
described by the flow chart shown in fig. 5, Where g_best is the 
global optimal solution, and p_best is the optimal location or 
position that mayfly has never been reached [31]. 

3.4. The Pseudo code for MOA 

 Input:   objective function f (x), male population size 
(M1), female population size (M2), visibility coefficient (𝛽𝛽), 
initial velocity for male mayfly (vm), initial velocity for female 
mayfly(vn), maximum iteration (T), a1 and a2 are positive 
attraction factors, solution dimension (d), population size (L) 

 Output: Optimal Solution (g_best) 

 

1. begin 
2. Evaluate all solutions according to the objective 

function f (x) 
3. Find the best value from all solutions (g_best) 
4. while t ≤ T 
5. find p_best, the best solution for each male mayfly 
6. for I = 1:M2 
7. for j = 1: d 
8. Adjust female velocity  
9. Adjust female positions 
10. end for 
11. end for 
12. for I = 1:M2 
13. for j = 1:d 
14. Adjust male velocity 
15. Adjust male positions 
16. end for 

17. Update p_best 
18. end for 
19. Rank male mayflies 
20. Rank female mayflies 
21. Mate the mayflies 
22. Evaluate the offspring 
23. Separate offspring to male and female randomly 
24. Replace the worst solution with the best new one 
25. Update p_best and g_best 
26. end while 
27. end 

 

 
Fig. 5. The flow chart of the proposed algorithm (MOA) 
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4. The Problem Definition and Objective Function 

The objective function of the Algorithms is to minimize 
the total Harmonic distortion of the source current THDi. To 
do it, the PI-Controller gains Kp and the Ki are tuned and 
optimized by the proposed optimization algorithms as 
illustrated in fig. 6. 

 
Fig. 6. Control System of PI-Controller by Optimization 

Algorithms 

The THDi is defined as the ratio of the RMS value of the 
total of all harmonic components up to a certain order to the 
RMS value of the fundamental component and can be 
expressed as in equation (1) [3, 7]. Where the gains are 
responding to the error and steady-state error respectively. The 
PI-controller transfer function is expressed as in equation (2), 
while the PI-controller output u(t) is given as in equation (3). 

𝑇𝑇𝑇𝑇𝑇𝑇𝑖𝑖 = �∑ 𝐼𝐼𝑘𝑘
2𝑘𝑘𝑚𝑚𝑚𝑚𝑚𝑚

𝑘𝑘=2
𝐼𝐼1
2                                                     (1)                   

𝐺𝐺𝑐𝑐(𝑠𝑠) = 𝑘𝑘𝑝𝑝 + 𝑘𝑘𝑖𝑖
𝑠𝑠

                                           (2)  

𝑢𝑢(𝑡𝑡) =  𝑒𝑒(𝑡𝑡) + 𝑘𝑘𝑖𝑖  ∫ 𝑒𝑒(𝑡𝑡) 𝑑𝑑(𝑡𝑡)   1
0                  (3)                                                                                                                                               

where, e(t) is the error between the actual DC bus voltage (Vdc) 
and the reference DC bus voltage (Vdc,ref) [13]. 

5. Model Configuration  

The proposed model configuration is illustrated in fig. 7, 
it contains a three-phase power grid connected to a three-phase 
un-controlled diode full bridge rectifier connected with an 
inductive load on the DC side which represent the non-linear 
load. At the PCC, SAPF with VSI design and capacitor on the 
DC link bus is integrated with the network. 

The DC side capacitor reference voltage (Vdc,ref) is 
calculated as in equation 4, and the DC side capacitance (Cdc) 
value is calculated as in equation 5 [11]. 

 𝑉𝑉𝑑𝑑𝑐𝑐,𝑟𝑟𝑟𝑟𝑟𝑟 = 2√2𝑉𝑉𝐿𝐿.𝐿𝐿
√3𝑚𝑚

                                        (4) 

1
2

 𝐶𝐶𝑑𝑑𝑐𝑐�𝑉𝑉𝑑𝑑𝑐𝑐,𝑟𝑟𝑟𝑟𝑟𝑟
2 − 𝑉𝑉𝑑𝑑𝑐𝑐2 � = 3(𝑉𝑉𝑠𝑠)(aI)(t)            (5)                                                               

Where, (VL.L) is AC line voltage, (m) is the modulation 
index, (a) is the factor of over-loading chosen as 1.2, (Vs) is 
the source voltage, (I) is the phase current, and (t) is the 
recovery time of DC-bus voltage. The parameters of the 
model are listed in table 1. 

 
Fig. 7. MATLAB/Simulink model for the proposed 

configuration system 

Table 1. Proposed System Parameters 
 System Parameters Values 

 
 
Supply Parameters 

Voltage Vs 380 V 
Frequency fs 50 Hz 

Source line resistor Rs 5 Ω 
Source line inductor Ls 2 mH 

Non-Linear Load 
(6-Diodes 
Rectifier) 

Load resistor Rdc 40 Ω 
Load resistor Ldc 30 mH 

 
Shunt Active 
Power Filter 

(SAPF) 

Interface Resistor Rf 1 Ω 
Interface Inductor Lf 3 mH 

DC side Capacitor Cdc 1.8 mF 
References Voltage 

Vdc,ref 
650 V 

6. Simulation Results and Discussion 

The simulation and obtained results are carried out in 
MATLAB/SIMULINK environment. The initialization data 
for proposed PSO, AHA, AOA, and MOA algorithms are 
shown in table 2. 

Table 2. Initialization Data for Proposed Optimization Algorithms 

Algorit
hm 

Variables 
Number 

Variable Limits 
Objective 
function 

Population 
Number 

Max. 
Iteration 
Number 

Kp 

 [lower- 
upper] 

Ki 

[lower- 
upper] 

PSO 

Kp Ki 50:250  1: 15 THDi 10 150 
AHA 
AOA 
MOA 

6.1. Simulation scenarios 

In this section, the gains of the PI-controller are optimized to 
improve the value of the source current THD. Then, the 
performance of the controller is evaluated under the static non-
linear load connected at the PCC. This evaluation was 
implemented according to the following scenarios. 

 Scenario 1. Without connected SAPF. 
 Scenario 2. With connected SAPF without PI-

controller tuning. 
 Scenario 3. With connected SAPF and PI-controller 

tuned by PSO. 
 Scenario 4. With connected SAPF and PI-controller 

tuned by AHA. 
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 Scenario 5. With connected SAPF and PI-controller 
tuned by AOA. 

 Scenario 6. With connected SAPF and PI-controller 
tuned by MOA. 

6.1.1. Scenario 1. Without connected SAPF. 

In this case, SAPF is disconnected and the distortion in 
source current caused by the nonlinear load is obtained by Fast 
Fourier Transform (FFT) analysis which calculated about 
24.2358%. Figure 8 (a) shows the three-phase simulation 
waveforms for source and load currents. Figure 8 (b) shows 
FFT harmonic spectrum for the source current. 

 
(a) 

 
(b) 

Fig. 8. (a) Simulation waveforms without SAPF, (b) THDi 
harmonic spectrum 

6.1.2. Scenario 2. With connected SAPF without PI-
controller tuning. 

In this case, SAPF is connected at PCC, the simulation 
results are taken without tuning of PI-controller gains. The 
distortion in supply current distortion after SAPF 
compensation is reduced and becomes 2.229%. The 
simulation waveforms for source current, load current, and the 
compensating filter current and harmonic spectrum for the 
source current are shown respectively in Fig. 9 (a), (b). 

6.1.3. Scenario 3. With connected SAPF and PI-
controller tuned by PSO. 

In this case, the simulation operated with SAPF 
compensation action, and PI-controller gains are tuned by 
PSO Algorithm. The obtained results indicate that the THDi 
for the source current is reduced to 1.548% when Kp =50, and 
Ki=14.2285. Figure. 10 (a) shows waveforms of source 
current, load current, and the compensating SAPF current. 
Figure. 10 (b) shows the harmonic spectrum for the source 
current. 

 
(a) 

 
(b) 

Fig. 9. (a) Simulation waveforms without PI- controller 
tuning, (b) THDi harmonic spectrum 

 
(a) 

 
(b) 

Fig. 10. (a) Simulation waveforms with PI- controller tuned 
by PSO, (b) THDi harmonic spectrum 
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6.1.4. Scenario 4. With connected SAPF and PI-
controller tuned by AHA. 

The obtained results with the AHA algorithm indicate that 
the THDi is reduced to 1.545% when Kp =51.3482, and 
Ki=4.7282.  Figure. 11 (a) shows simulation waveforms for all 
source, load, and compensating currents. Figure. 11 (b) shows 
the source current THDi harmonic spectrum. 

 
(a) 

 
(b) 

Fig. 11. (a) Simulation waveforms with PI- controller tuned 
by AHA, (b) THDi harmonic spectrum 

6.1.5. Scenario 5. With connected SAPF and PI-
controller tuned by AOA. 

Distortion for supply current signal is decreased to 
1.539% with Kp =50, and Ki= 4.8194 when tuning PI-
controller using the AOA algorithm. The waveforms for all 
current signals are shown in Fig. 12 (a), and THDi harmonic 
spectrum value obtained by FFT is shown in Fig. 12 (b). 

6.1.6. Scenario 6. With connected SAPF and PI-
controller tuned by MOA 

PI-controller gains are tuned using the MOA algorithm 
and the best fitness (minimized THDi) is mitigated to 1.538% 
at the best solutions Kp = 59.3682, and Ki= 1.3344.  Fig. 13 (a) 
shows source current, load current, and the compensating 
current waveforms. Fig. 13 (b) shows the THDi spectrum for 
the drawn supply current. 

 

 
(a) 

 
(b) 

Fig. 12. (a) Simulation waveforms with PI- controller tuned 
by AOA, (b) THDi harmonic spectrum 

 
(a) 

 
(b) 

Fig. 13. (a) Simulation waveforms with PI- controller tuned 
by MOA, (b) THDi harmonic spectrum  
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6.2. Comparison Between the Optimized Results for all 
suggested Algorithms  

As shown in table 3 and fig.14, the performance of the 
SAPF is improved clearly with MOA tuning PI-controller and 
based on the optimized gains the minimization of THDi 
objective function is obtained and its best fitness value 
becomes 1.538% which is the least value compared with 
values taken from other algorithms, and it converged at 66 
iteration which is the fastest algorithm. 

Table 3. Control Parameters, THDi fitness, Convergence 
iteration results for the proposed Algorithms 

Proposed tuning 
Algorithm 

Best of 
fitness 
(THDi) 

Best solutions Convergence 
iteration Kp Ki 

PI-Controller 
without tuning  

2.229% 1 1 -- 

PI-Controller 
tuned by PSO 1.548% 50 14.2285 78 

PI-Controller 
tuned by AHA 1.545% 51.3482 4.7282 84 

PI-Controller 
tuned by AOA 1.539% 50 4.8194 87 

PI-Controller 
tuned by MOA 1.538% 59.3682 1.3344 66 

 
Fig. 14. Fitness function Iterative convergence characteristics 

for four optimization algorithms  

Figure 15 illustrates the speed and accuracy of DC-link 
voltages for matching the reference value for the suggested 
algorithms used. It shows that the MOA is the fastest and 
closest to the reference value with accepted settling time, dc-
link voltage overshoot, and steady-state error which attain 
more enhancement for SAPF controller performance. 

 
Fig. 15. Response of DC-link voltage values with its 

reference value for four optimization algorithms 

6.3. Evaluation of The Performance of The Optimized 
Controller Under Variable Load Condition 

In this section, the performance of the optimized controller is 
evaluated under dynamic conditions. In addition to the non-
linear load which connected at the PCC, double three-phase 
RLC loads are connected to the PCC with double three-phase 
circuit-breakers. Each load has a power capacity equal to one-
half of the non-linear load. One of these breakers switches 
off/on at times 0.2 sec. and 0.4 sec. and the other breaker 
switches on at a time of 0.4 sec. So, the simulation time is 
divided into three intervals: 

 Interval one of (0≤ t ≤0.2 sec), and the connected load 
consists of the non-linear load with a single RLC load. 

 Interval two (0.2≤ t ≤0.4 sec), and the connected load 
only consists of the non-linear load. 

 Interval three (0.4≤ t ≤1 sec), and the connected load 
consists of the non-linear load with double RLC loads. 

The source current, load current, and compensation 
current waveforms under variable load conditions are shown 
in fig. 16 for all intervals. 

 
Fig. 16. Simulation waveforms under variable load 

conditions 

Using FFT analysis, the THD of the source current  was 
calculated under variable load conditions  to evaluate the 
performance of the  optimized gain controller. Table 4 
illustrates the THD of the source current over all intervals. 
This is obtained using the controller when its gains are tuned 
by the MOA. 

For a better evaluation of the control performance, it is 
necessary to study the response of the DC-link voltage under 
dynamic condition, so fig. 17 represent the dynamic response 
of DC-link voltage values concerning its reference value under 
variable load condition for all using algorithms. Fig. 17 also 
shows that MOA is always controlled by the DC-link voltage 
close to the reference value with minimum steady state error 
which attains more enhancement for SAPF controller 
performance.  
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Table 4. THDi under variable load condition   
 Proposed tuning 

Algorithm 
THDi % 

0≤ t ≤0.2  0.2≤ t ≤0.4 0.4≤ t ≤1 
Without SAPF 17.921 24.236 14.641 

PI-Controller without 
tuning  

1.031 2.229 0.473 

PI-Controller tuned 
by PSO 1.022 1.548 0.454 

PI-Controller tuned 
by AHA 1.002 1.545 0.442 

PI-Controller tuned 
by AOA 0.987 1.539 0.421 

PI-Controller tuned 
by MOA 0.829 1.538 0.381 

 
Fig. 17. Response of DC-link voltage values with its 

reference value under variable load condition   

7. Conclusion  

In this proposed system including a SAPF controller with 
dc-link voltage applied a Mayfly Optimization Algorithm 
(MOA) to optimize the PI-controller gain values and tested 
with simulation compared to other optimization algorithms, 
and all optimized results are investigated with the 
conventional PI-control scheme. The suggested MOA 
algorithm provides better performance with the least number 
of iterations compared with the other algorithms. Besides that, 
the MOA algorithm introduces a better accuracy due to the 
optimized output parameters for SAPF like THD of the source 
current, settling time, steady state error of Dc-link voltage, and 
peak overshoot. 

The succeeding conclusions have been ended from the 
previous study: 

1. Effectively compensate for 24.2358%. THD due to 
current harmonics and reactive power generated by non-linear 
load and the purposed controller technique mitigates the 
supply current THD well within acceptable and standard value 
below 5% and the source current becomes sinusoidal. 

2. With all tuning PI-controller optimization methods, 
all THD values are less than the value obtained without PI-
controller tunning, and DC-link capacitor voltage returns its 
reference value without any deviation against the conventional 
PI-controller. 

3. MOA outperforms a great, most accurate 
performance, and best correlation dc-link voltage reference 
voltage compared to other PSO, AHA, and AOA algorithms, 
and gives a minimum THD value of 1.538 % for the source 
current. 

4.   Also, under variable load conditions, MOA gives the 
best results over all three intervals, where the THD values are 

0.829%, 1.538%, and 0.381% respectively. In addition, it 
gives a great performance in DC-link voltage response under 
dynamic conditions. 

5. Based on all results obtained in this paper, in future 
works, this proposed efficient controller can be implemented 
as an interfacing stage between the electric utility and one of 
the renewable energy sources (RES) such as a photovoltaic 
(PV) system, wind energy system, also as a stage in the 
presence of electric vehicles system. 
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