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 Grid integration of renewable energy systems with majority of which is 

variable dc and variable ac. For example, solar systems output variable dc, 

while wind systems output variable ac. Power electronics now plays a 

significant role in the DC and AC conversion required for the grid. Power 

electronics now allows dc-coupled systems to be controlled for both active 

and reactive power, making inductively controlled for improving power 

quality and synchronizing renewable energy systems. The presence of 

harmonics in electrical systems indicates that current and voltage are 

distorted and deviate from sinusoidal waves; odd and even harmonics are the 

result of a nonlinear load. Voltage and sag and swell are examples of power 

quality issues, as are filters whose primary purpose is to reduce harmonics, 

voltage, and current in alternating-current power systems to an acceptable 

level. The maximum power point tracking is based on maintaining 

temperature and irradiance variables. We use both proposition and 

Maximum power point tracking (MPPT) to maximize PV power with 

oscillation tracking. The genetic algorithm with partial swarm optimization 

(GA-PSO) algorithm based on various optimization control techniques. 

Control techniques are proposed for systems with various unbalanced 

voltages to maintain control operation during fault conditions. 
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1. INTRODUCTION 

Grid-integrated renewable energy systems Therefore, to minimize the effect of the grid faults and 

the nonlinear load of the system failures, it is difficult to define all aspects in terms of a single goal. 

Providing multiple objectives frequently results in a better solution to a considered problem. It increases 

based on the renewable energy resources available for natural resources [1]. 

Grid connected solar PV system as shown in Figure 1. Grid computing necessitates techniques for 

allocating resources efficiently and adaptively resources to maintain the voltage and power of the generating 

system. This paper presents an optimization of genetic algorithm with partial swarm optimization (GA-PSO) 

for independent tasks in the grid-connected solar PV system. This improves search efficiency by utilizing the 

potential to an optimal level. The grid performance has been evaluated using expanded PI controllers and  

the partial swarm optimization (PSO) strategy for frequency PI controller control for superiority  

justification [2], [3]. 

https://creativecommons.org/licenses/by-sa/4.0/
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Figure 1. Block diagram of grid-connected PV system 

 

 

2. PV PANEL AND MPPT METHOD 

The solar photovoltaic (PV) system consists of various cells. These cells are connected in parallel or 

series to meet the critical requirement of generating source current and output voltage. The generating power 

is in unstable condition because of environmental conditions [4]. The relationship between current and 

voltage has been found to be non-linear. PV modules are increasing solar power generation capacity. It will 

be much greater than the cut. A dc-dc converter or inverter also needs a control input power interface for a dc 

application. Perturb observe method has been extensively utilized in the maximum power point tracking 

(MPPT) method because of its simple application and minimal pre-requisites for computation [5]. 

The I-V and P-V curves for different values of solar irradiance as shown in Figure 2. MPPT 

algorithms using perturb-and-observe and incremental conductance MPPT methods at various solar radiation 

and temperature levels under unbalanced and balanced grid voltage conditions, an IC model is used to control 

[6]–[8]. Because of this circumstance, MPP could be identified in the increment of conductance of the array 

The MPPT model used in this contribution has been observed and perturbed for optimal results. During solar 

irradiation, the fault would not vary abruptly and has been estimated using an effective P&O model in 

addition to the projected fault Ride-through (FRT) technique [9]. 

 

 

 
 

Figure 2. I-V and P-V curves for different values of solar irradiance 

 

 

3. RESULTS AND DISCUSSION 

3.1.  GA algorithm 

The main objective of this strategy is to converge on the global solution, which is achieved by 

utilizing three steps and operators: crossover, mutation, and reproduction. As a result, the PSO and GA 

algorithms are used in this investigation because they are regarded as the most powerful methods for 

interacting with continuous and discrete optimization problems, respectively. The GA regarded for solving 

load balancing control [10]. 

The voltage of the dc-link PI control with grid voltage feed-forward, as shown in Figure 3, is 

commonly used for current-controlled inverters; however, the PI controller cannot track a sinusoidal 

reference without steady-state error and has poor disturbance rejection capability. The PI current controller is 

defined as the GA-distributed version has sequential model parallelization. Some standard issues in 
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sequential computation make it possible to establish the following parallelization rules: GA belongs to the 

same optimization class as optimal universal networks [11]. 

The GA properties of the algorithm could be effectively incorporated by varying some aspects of the 

evolution procedure to increase the number of GA operators' possibilities. The computational cost of 

sequential GA for the function of objectivity has been negligible for any network configuration that needs to 

solve huge equations on a metric scale. The size of the admittance Y matrix is determined by the number of 

measured electric MV grids. The massive network analysis leads to massive data frameworks. This part of 

the parallel formulation makes the depicted algorithm robust [12]. 

 

 

 
 

Figure 3. Control scheme for voltage of DC-link control loop GA-PSO 

 

 

3.2.  Particle-swarm-optimization (PSO) sub section 2 

In Beernaert’s and Kennedy, a PSO has been proposed as in [13]. Moreover, it has been an 

evolutionary computation approach, a stochastic search strategy depending on the intelligence of a swarm. 

Upgrading the equation of velocity, PSO inclusion: fish schooling or bird flocking direction diversity is 

managed in conventional PSO by a predetermined probability of craziness. 

Also, particles might be crazed through the below equation before their position up gradation. 

 

𝑣𝑖𝑘+1 = 𝑣𝑖𝑘 + 𝑐1 × 𝑟1 × (𝑃𝐵𝑒𝑠𝑡𝑖 − 𝑋𝑖𝑘) + 𝐶2 × 𝑟2 × (𝑔𝑏𝑒𝑠𝑡 − 𝑋𝑖𝑘) (1) 

 

Position updating equation: 

 

𝑋𝑖𝑘+1 = 𝑋𝑖𝑘 + 𝑣𝑖𝑘+1 (2) 

 

this is due to the poor performance of the integral action when the disturbance is a periodic signal. 

 

𝑣𝑖𝑘+1 = 𝑟2 × 𝑣𝑖𝑘 + (1 − 𝑟2) × 𝑐1 × 𝑟1 × (𝑝𝐵𝑒𝑠𝑡 − 𝑋𝑖𝑘) + (1 − 𝑟2) × 𝑐2 × (1 − 𝑟1) ×
(𝑔𝐵𝑒𝑠𝑡 − 𝑋𝑖𝑘) (3) 

 

𝑠𝑖𝑔𝑛(𝑟3) = {{
−1, (𝑟3 ≤ 0.05)

   1    (𝑟3 > 0.05)
 (4) 

 

𝑣𝑖𝑘+1 = 𝑟2 × 𝑠𝑖𝑔𝑛(𝑟3)𝑣𝑖𝑘 + (1 − 𝑟2) × 𝑐1 × 𝑟1 × (𝑝𝐵𝑒𝑠𝑡 − 𝑋𝑖𝑘) + (1 − 𝑟2) × 𝑐2 ×
(𝑔𝐵𝑒𝑠𝑡 𝑋𝑖𝑘) (5) 

 

As determined by sign (r3): 

 

𝑣𝑖𝑘+1 = 𝑣𝑖𝑘+1 + Pr(𝑟4) × 𝑠𝑖𝑔𝑛(𝑟4) × 𝑣𝑖𝑐𝑟𝑎𝑧𝑖𝑛𝑒𝑠𝑠  (6) 

 

where Pr (r4) and sign (r4) are defined respectively as: 

 

𝑃𝑟(𝑟4) =  {
−1, (𝑟4 ≤ 𝑃𝑐𝑟𝑎𝑧)

0, (  𝑟4𝑥 ≻ 𝑃𝑐𝑟𝑎𝑧)
 (7) 

 

Sign (𝑟4) = {
−1, (𝑟4 ≥ 0.5)

−1(𝑟4 < 𝑃𝑐𝑟𝑎𝑧)
 (8) 

 

The basic PSO algorithm includes the process of initial population flow chart of the proposed PSO 

method, as shown in Figure 4 calculating fitness value, finding individual and population and updating 
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continuously through updating position. The proposed approach is intended to optimize active and reactive power 

outputs converter to the grid during asymmetric voltage disturbances. The technique presupposes that the grid 

voltage and the instantaneous active/reactive power references initially, to overcome mismatching phenomena 

issues associated to partial shading, the global MPPT technique was carried out using the PSO method [14], [15]. 

The MPP was always within reach using the PSO-based MPPT technique, which raised the PV 

system's efficiency, which makes use of the most power that can be extracted from the PV setups, is attained 

using the PSO technique [16]–[19]. Flow chart of the suggested pso technique method as shown in Figure 4. 

PSO simulation for definite aspects needs appropriate selection since PSO has been more sensitive towards 

the election of insight aspects. The effective selection maximum size of the population is 50, and the 

maximal enabled iteration is 100. Usually, the projected model is the basis for optimization [20].  

 

 

 
 

Figure 4. Flow chart of the proposed GA-PSO method 

 

 

3.3. Power quality control 

When the supply voltage or load current falls below 0.1 p for more than one minute, an interruption 

occurs. A sustained interruption is defined as a long-duration voltage variation. Long-duration variations 

include deviations in the root mean square (rms) at power frequency for more than one minute, which can be 

either overvoltage or under voltage. Overvoltage increases the voltage by more than 110 percent for more 

than one minute at the power frequency. Overvoltage can also be caused by load switching and incorrect 

transformer tap settings [21]–[23]. 

A PSO algorithm was proposed to perform the distinct PSO structures (global best, local best, 

velocity, and position updates) for, Active power-line conditioning and grid power injection enable load 

harmonic currents. Which were integrated into the PSO-based algorithm, the optimization algorithms and the 

proposed method The GA-PSO algorithm aims to reduce the harmonics and increase the power factor and 

variation time duration to balance the load of the dependent tasks over the heterogeneous resources in cloud 

computing environments [24]–[26]. 

 

4. RESULTS AND DISCUSSION 

Comparative analyses of predictive control and genetic algorithm with partial swarm optimization 

(GA-PSO) algorithm by using various parameter voltage sag and swell and total harmonics distortion 

GA-PSO method during various faults are identified and mentioned in Table 1. It should be mentioned that in 

unbalanced situations, in order to compensate for the harmonic’s distraction created by the present in the 

simulation model grid voltage, the harmonics generated by the inverse sequence present in the grid voltage, 

and various faults as shown in Figures 5 to 10. 
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Table 1. Comparative analysis of adaptive control strategies 
Parameters Description Predictive control GA-PSO 

Voltage Voltage sag & swell Actual: 415 v Actual: 415v 
Swell: 450 v Swell: 430 v 

Sag: 390 v Sag: 340 v 

Time Settling time of voltage sag &swell 0.3-0.5 (0.2 sec) sag 0.2-0.3 (0.1 sec) sag 

0.3-0.5(0.2 sec) swell 0.3-0.5(0.2 sec) swell 

THD Total harmonic distortion 17.94% to 24% 6.64% to 6.85% 

Power factor Power factor 0.6 0.7 
Current Current distortions Max: 700 A, Max: 600 A, 

Min: 300 A Min: 200 A 

Faults Faults identified LG, LLG, LLLG. LG, LLG, LLLG, 

 

 

 
 

Figure 5. Simulation model of GA-PSO based PV Grid system 

 

 

  
  

Figure 6. Voltage sag (LG fault) Figure 7. Voltage sag (LLLG faults) 
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Figure 8. Voltages swell (LLLG faults) Figure 9. THD analysis of proposed grid system 
 

 

 
 

Figure 10. THD analysis of conventional grid system 
 

 

 The PSO method is inspired by the flocking flocks of animals, and its movement is controlled by the 

PSO optimizer's individual and nearby experiences at each particle step. The essential objective behind this 

method is to find an optimized location where each space has a chance of containing a potential solution. 

And analysis flow chart Figures 11 to 13 obviously. 

 Predictive control and GA -PSO control grid is linked to solar PV systems during voltage sag, swell, 

and harmonics. LG, LLG, LLLG, and grid distortions and faults have been identified. Harmonics are 

reduced, the power factor is unity, and an unbalanced voltage system is maintained by integrating system 

compression. Table A presents a comparative analysis of adaptive control. GA technique was used as 

optimization algorithms. In fact, the proposed method's flow chart is presented in this work to evaluate the 

two objective functions. 
 

 

  
  

Figure 11. Total harmonics distoration voltage sags 

and swells analysis 

Figure 12. Time duration of voltage sags and swells 

analysis 
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Figure 13. Voltage sags and swells analysis 

 

 

5. CONCLUSION 

Grid-connected solar PV systems and various control strategies the following conclusions are drawn 

in grid-connected coordinates with solar power to grid the source to a nonlinear load after simulation and 

analysis of voltage and power waveforms in various operating modes. The control of the converter can 

provide stable voltage and frequency for the unbalanced load. When faults occur in the unbalanced voltage of 

the grid, the optimal control strategy should be quick to ensure the stable voltage and reliable operation of the 

power load. The proposed Using renewable energy to generate power during fault conditions results in a 

nonlinear load by reducing faults. GA-PSO-based optimization in a variety of different operating modes 

Reduced fault duration, time sag and swell, and total harmonic distortion are provided as a result of the 

modulation and analysis technique. As a result, control is achieved in the proposed control system faults LG, 

LLG, and LLG. Furthermore, the remaining voltage maintains a constant magnitude under various 

operations. 
 

 

REFERENCES 
[1] M. Kashyap, A. Mittal, and S. Kansal, “Optimal placement of distributed generation using genetic algorithm approach,” Lecture 

Notes in Electrical Engineering, vol. 476, pp. 587–597, 2019, doi: 10.1007/978-981-10-8234-4_47. 
[2] H. A. Kefale, E. M. Getie, and K. G. Eshetie, “Optimal Design of Grid-Connected Solar Photovoltaic System Using Selective 

Particle Swarm Optimization,” International Journal of Photoenergy, vol. 2021, 2021, doi: 10.1155/2021/6632859. 

[3] Panigrahi Ramanuja, Mishra Santanu K., Srivastava Suresh C., Srivastava Anurag K., and Schulz Noel N., “Grid integration of 
small-scale photovoltaic systems in secondary distribution network—A review,” IEEE Transactions on Industry Applications, 

vol. 56, no. 3, pp. 3178–3195, 2020, doi: 10.1109/TIA.2020. 

[4] S. R. Ahammed and P. Ayyappan Susila, “Direct writing of electronic circuits using functionalised multi-walled carbon nanotubes 
and polyvinyl alcohol conductive ink,” Advances in Materials and Processing Technologies, vol. 8, no. 3, pp. 2496–2509, Jul. 

2022, doi: 10.1080/2374068X.2021.1913325. 

[5] M. Ben Said-Romdhane, M. W. Naouar, I. Slama-Belkhodja, and E. Monmasson, “Robust Active Damping Methods for LCL 
Filter-Based Grid-Connected Converters,” IEEE Transactions on Power Electronics, vol. 32, no. 9, pp. 6739–6750, 2017, doi: 

10.1109/TPEL.2016.2626290. 

[6] Y. Liu, W. Wu, Y. He, Z. Lin, F. Blaabjerg, and H. S. H. Chung, “An Efficient and Robust Hybrid Damper for LCL- or LLCL-
Based Grid-Tied Inverter with Strong Grid-Side Harmonic Voltage Effect Rejection,” IEEE Transactions on Industrial 

Electronics, vol. 63, no. 2, pp. 926–936, 2016, doi: 10.1109/TIE.2015.2478738. 

[7] J. Li, X. Lv, B. Zhao, Y. Zhang, Q. Zhang, and J. Wang, “Research on passivity based control strategy of power conversion 
system used in the energy storage system,” IET Power Electronics, vol. 12, no. 3, pp. 392–399, 2019, doi: 10.1049/iet-

pel.2018.5620. 

[8] Y. Gui, B. Wei, M. Li, J. M. Guerrero, and J. C. Vasquez, “Passivity-based coordinated control for islanded AC microgrid,” 
Applied Energy, vol. 229, pp. 551–561, 2018, doi: 10.1016/j.apenergy.2018.07.115. 

[9] I. A. Ibrahim, M. J. Hossain, B. C. Duck, and C. J. Fell, “An adaptive wind-driven optimization algorithm for extracting the 

parameters of a single-diode PV cell model,” IEEE Transactions on Sustainable Energy, vol. 11, no. 2, pp. 1054–1066, 2020, doi: 

10.1109/TSTE.2019.2917513. 

[10] M. Lakshmi and S. Hemamalini, “Nonisolated High Gain DC–DC Converter for DC Microgrids,” IEEE Transactions on 

Industrial Electronics, vol. 65, no. 2, pp. 1205–1212, Feb. 2018, doi: 10.1109/TIE.2017.2733463. 
[11] N. Brahmi, S. Charfi, and M. Chaabene, “Optimum Sizing Algorithm for an off grid plant considering renewable potentials and 

load profile,” International Journal of Renewable Energy Development, vol. 6, no. 3, p. 213, Nov. 2017, doi: 
10.14710/ijred.6.3.213-224. 

[12] S. Charfi, A. Atieh, and M. Chaabene, “Optimal sizing of a hybrid solar energy system using particle swarm optimization 

algorithm based on cost and pollution criteria,” Environmental Progress and Sustainable Energy, vol. 38, no. 3, 2019, doi: 
10.1002/ep.13055. 

[13] P. Dayananda, M. Srikantaswamy, S. Nagaraju, R. Velluri, and D. M. Kumar, “Efficient detection of faults and false data 

injection attacks in smart grid using a reconfigurable Kalman filter,” International Journal of Power Electronics and Drive 
Systems, vol. 13, no. 4, pp. 2086–2097, 2022, doi: 10.11591/ijpeds.v13.i4.pp2086-2097. 

[14] R. C. Eberhart and Y. Shi, “Particle swarm optimization: Developments, applications and resources,” Proceedings of the IEEE 

Conference on Evolutionary Computation, ICEC, vol. 1, pp. 81–86, 2001, doi: 10.1109/cec.2001.934374. 
[15] J. Zhao, T. Li, and J. Qian, “Application of particle swarm optimization algorithm on robust PID controller tuning,” Lecture Notes 

in Computer Science, vol. 3612, no. PART III, pp. 948–957, 2005, doi: 10.1007/11539902_118. 

[16] D. Jolevski, O. Bego, and F. Grgat, “Ga optimized avr controller with higher degree of freedom of tuning of wanted response,” 
International Review of Automatic Control, vol. 8, no. 1, pp. 72–79, 2015, doi: 10.15866/ireaco.v8i1.5244. 



Int J Pow Elec & Dri Syst  ISSN: 2088-8694  

 

Modeling and design of PV grid integration for GA-PSO based on fluctuating … (Vanam Satyanarayana) 

1457 

 
 

[17] D. Maizana and S. M. Putri, “Appropriateness analysis of implementing a smart grid system in campus buildings using the fuzzy 

method,” International Journal of Power Electronics and Drive Systems, vol. 13, no. 2, pp. 873–882, 2022, doi: 
10.11591/ijpeds.v13.i2.pp873-882. 

[18] H. T. Thong, N. H. Linh, H. Van Canh, P. V. Phuong, and N. K. Trung, “Unbalanced three-phase interleaved LLC resonant 

converter: current phase angle balancing technique,” International Journal of Power Electronics and Drive Systems (IJPEDS), 
vol. 13, no. 2, p. 1056, Jun. 2022, doi: 10.11591/ijpeds.v13.i2.pp1056-1067. 

[19] M. Bouderbala, B. Bossoufi, H. A. Aroussi, M. Taoussi, and A. Lagrioui, “Novel deadbeat predictive control strategy for DFIG’s 

back to back power converter,” International Journal of Power Electronics and Drive Systems, vol. 13, no. 1, pp. 139–149, 2022, 
doi: 10.11591/ijpeds.v13.i1.pp139-149. 

[20] N. M. Kumar, S. S. Chopra, A. A. Chand, R. M. Elavarasan, and G. M. Shafiullah, “Hybrid Renewable Energy Microgrid for a 

Residential Community: A Techno-Economic and Environmental Perspective in the Context of the SDG7,” Sustainability, vol. 
12, no. 10, p. 3944, May 2020, doi: 10.3390/su12103944. 

[21] M. Ghazzali, M. Haloua, and F. Giri, “Fixed-time control of voltage dynamics of three-phase voltage source inverters with LC 

output filter,” International Journal of Power Electronics and Drive Systems, vol. 13, no. 3, pp. 1843–1853, 2022, doi: 
10.11591/ijpeds.v13.i3.pp1843-1853. 

[22] B. B. Adetokun, J. O. Ojo, and C. M. Muriithi, “Application of large-scale grid-connected solar photovoltaic system for voltage 

stability improvement of weak national grids,” Scientific Reports, vol. 11, no. 1, 2021, doi: 10.1038/s41598-021-04300-w. 
[23] T. E. K. Zidane, S. M. Zali, M. R. Adzman, M. F. N. Tajuddin, and A. Durusu, “PV array and inverter optimum sizing for grid-

connected photovoltaic power plants using optimization design,” Journal of Physics: Conference Series, vol. 1878, no. 1, 2021, 

doi: 10.1088/1742-6596/1878/1/012015. 
[24] J. Samanes, A. Urtasun, E. Gubia, and A. Petri, “Robust multisampled capacitor voltage active damping for grid-connected power 

converters,” International Journal of Electrical Power and Energy Systems, vol. 105, pp. 741–752, 2019, doi: 

10.1016/j.ijepes.2018.09.014. 
[25] A. Sakhrieh, J. Al Asfar, and N. A. Shuaib, “An optimized off-grid hybrid system for power generation in rural areas,” 

International Journal of Power Electronics and Drive Systems, vol. 13, no. 2, pp. 865–872, 2022, doi: 

10.11591/ijpeds.v13.i2.pp865-872. 
[26] D. Selvaraj and D. Rangasamy, “Roof top PV for charging the EV using hybrid GWO-CSA,” International Journal of Power 

Electronics and Drive Systems, vol. 13, no. 2, pp. 1186–1194, 2022, doi: 10.11591/ijpeds.v13.i2.pp1186-1194. 

 

 

BIOGRAPHIES OF AUTHORS 

 

 

Vanam Satyanarayana     is a Research scholar in Electrical and Electronics 

Engineering Department at Vel Tech Rangarajan Dr. Sagunthala R&D Institute of Science and 

Technology Chennai, India. He received his B.Tech. M.Tech. Degrees in Electrical and 

Electronics Engineering and Power electronics from university of Jawaharlal Nehru 

Technology Hyderabad. He is presently working as Assistant Professor in the Department of 

Electrical and Electronics Engineering Vaag devi College of engineering, Warangal, his 

research area of interest is power systems, renewable energy systems, and power electronics 

applications. He can be contacted at email: Veltechsatya@gmail.com. 

  

 

Vairavasamy Jayasankar     in Electrical and Electronic Engineering Department 

and Dean- School of Electrical and Communication, Vel Tech Rangarajan Dr. Sagunthala 

R&D Institute of Science and Technology, Chennai, India. He has completed his Ph.D. from 

Anna University. He has vast experience in academics; he has published several papers in 

reputed journals, national and international conferences. His research of interest is in high 

voltage engineering, power system voltage stability, power electronics converters and 

renewable energy sources. He can be contacted at email: drvjayasankar@veltech.edu.in. 

 

https://orcid.org/0000-0002-5382-5650
https://scholar.google.com/citations?user=vOSyZTcAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=57777425500
https://www.webofscience.com/wos/author/record/HNS-4215-2023
https://orcid.org/0000-0003-1558-6932
https://scholar.google.com/citations?user=6xqIuHwAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=57204371542
https://www.webofscience.com/wos/author/record/GPW-9724-2022

