
  

 

 
27  International Journal for Modern Trends in Science and Technology 

 

 

As per UGC guidelines an electronic bar code is provided to seure your paper  

International Journal for Modern Trends in Science and Technology, 8(06):27-32,  2022 
Copyright © 2022 International Journal for Modern Trends in Science and Technology  

ISSN: 2455-3778 online 

DOI: https://doi.org/10.46501/IJMTST0806004 

Available online at: http://www.ijmtst.com/vol8issue06.html   
 

Design of Smart grid of Wind power plant by 

Matlab/Simulink using PSO 

     
Neha A. Bodele1 | Radharaman Shaha2 
 
1 PG Scholar, Department of Electrical Engineering, Tulsiramji Gaikwad Patil College of Engineering , Nagpur, India 

2Assistant Professor, Department of Electrical Engineering, Tulsiramji Gaikwad Patil College of Engineering , Nagpur, India 

Corresponding Author Email ID: nehal12695@gmail.com 

 

To Cite this Article 

Neha A. Bodele and Radharaman Shaha. Design of Smart grid of Wind power plant by Matlab/Simulink using PSO. 

International Journal for Modern Trends in Science and Technology 2022, 8(06), pp. 27-32. 

https://doi.org/10.46501/IJMTST0806004 

 

Article Info 

Received: 22 April 2022; Accepted: 25 May 2022; Published: 27 May 2022. 
 

 
 

 Reliable power from renewable energy sources have become very important in today’s energy scenario mainly due to the 

shortage of fossil fuels. Wind energy is one of the promising renewable energy sources for the future. But the fluctuating nature of 

wind introduces power quality issues like harmonics and deviations in voltage waveform in the grid, which in turn affects the 

stability of the entire grid. Another issue is that power system grid is a nonlinear and dynamic system which requires ample 

generation of real and reactive power to supply its loads , consumer and losses in the system. when the generation of real and 

reactive power is insufficient to meet its load and losses, it may not provide reliable and stable power supply. Increased demand 

may be satisfied without changing the existing power system where the wind energy system is connected to the smart grid. The 

gains of the PI controller are tuned using (Particle Swarm Optimisation Technique (PSO). The power quality is then analyzed 

with Total Harmonics Distortion (THD) as the main performance measure for which the system is simulated in 

SIMULINK/MATLAB. To analyze the performance, parameters like real power, reactive power, voltage and THD are evaluated It 

is found that the performance of the PSO controller connected wind energy conversion system is improved compared to the 

system without PSO. 
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1. INTRODUCTION 

 Renewable energy systems are the only hope of the 

future energy sector and due to the constant demand for 

energy; we have searched and found a wide variety of 

renewable sources to choose from [11]. The choice 

depends mainly on the availability of the resources in 

that geographical area. Wind energy systems are the 

fastest growing field due to their on shore and off shore 

generation capabilities. Wind energy is clean, abundant, 

consumes no water, and uses less land. Off shore wind is 

more steady and strong, so generation capabilities are 

more. With the advancement of aerodynamic designs, 

wind turbines which can capture hundreds of kilowatts 

of power are readily available. In a wind farm, individual 

turbines are connected through a medium voltage power 

collection system. Wind farms can be used as a 

standalone generating stations or can be connected to the 

grid. When such wind energy conversion systems 

(WECS) are integrated to the grid, they produce a 

substantial amount of power, which can supplement the 

base power generated by thermal, nuclear, or 

hydropower plant. But wind is highly variable both in 
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space and time. The energy available from wind varies as 

the cube of the wind speed. This fluctuating nature of 

wind introduces power quality issues like harmonics and 

deviations in voltage waveform in the grid, which in turn 

affects the stability of the entire grid. To maintain and 

control the power flow in interconnected AC 

transmission systems 

 

2. LITERATURE SURVEY 

Roslan MF, Al-Shetwi AQ[1] main objective of the 

proposed strategy is to improve the power quality 

performance of the three-phase grid-connected inverter 

system by optimising the proportional-integral (PI) 

controller. Such a strategy aims to reduce the DC link 

input voltage fluctuation, decrease the harmonics, and 

stabilise the output current, voltage, frequency and 

power flow. The particle swarm optimisation (PSO) 

technique was implemented to tune the PI controller 

parameters by minimising the error of the voltage 

regulator and current controller schemes in the inverter 

system P. Vijayaragavan 1 and V. Vijayalakshm[6] 

independent half and half framework has been recreated 

under various stackingconditions for which an exchange 

work display has been considered. Effects because of 

variable burden, Wind control input and sun powered 

insolation have been concentrated and the definite 

conduct of the framework has been concentrated amid 

ordinary and blame condition. Reproduction results 

identified with Reactive power remuneration and voltage 

soundness have been extemporized with PSO. use of 

wind energy as an electric energy generator is increasing 

to overcome the limitations of conventional energy and 

reduce the greenhouse-effect pollution. Indonesia has 

considerable potential for wind energy but wind energy 

is very dependent on fluctuating wind speeds. To 

improve the efficiency of a wind energy conversion 

system (WECS), at each wind speed, the WECS must be 

able to extract the maximum power so that a controller is 

needed. Ratna Ika Putri  [8] This paper presents the 

Particle Swarm Optimization (PSO) algorithm to extract 

the maximum power on the Permanent Magnet 

Synchronous Generator (PMSG) standalone wind turbine 

system through controlling the duty cycle of the buck 

converter. Based on the simulation result, the PSO 

algorithm can follow rapid wind speed changes and 

extracted maximum power at each wind speed. In 

addition, the PSO algorithm can maintain the power 

conversion coefficient at the optimal value for rapid wind 

speed changes. Compared by WECS without power 

extraction, the PSO algorithm has better performance and 

bigger output power M A Hannana , Z A Ghani [2]The 

paper presents a novel fuzzy logic based high 

performance control of 3-phase photovoltaic 

grid-connected inverter. With the aid of the inverter 

model and fuzzy logic based voltage and current control 

schemes, a digital signal processor controller board 

DS1104 generates the sinusoidal pulse-width modulated 

signals for the inverter operation in both standalone and 

grid-connected modes. An inverter prototype was built 

to verify the effectiveness of the control algorithm. The 

system demonstrates stable ac output voltage 

satisfactorily during both transient and steady-state with 

grid and load disturbances. The control system generates 

2.48% and 4.64% voltage and current total harmonic 

distortions, respectively. The output waveforms such as 

output voltage, injected current, and the system power 

flow are presented to validate the effectiveness of the 

control strategy Anjum, W., Husain, [5]In this paper, a 

sensorless continuous sliding mode control (SMC) 

scheme has been proposed to address these issues. The 

chattering effect due to the discontinuous switching 

nature of SMC has been attenuated by designing a novel 

boundary-based saturation function where the selection 

of the thickness of boundary is dependent to the PWM 

signal generation of the inverter. In order to remove the 

dependency on the current sensor, a particle swarm 

optimization(PSO) based modified observer is proposed 

to estimate the inductor current in which the observer 

gains are optimized using PSO by reducing the 

estimation errors cost function. The proposed dynamic 

smooth SMC algorithm has been simulated in MATLAB 

Simulink environment for 0.2-kVA DC-AC inverter and 

the results exhibit rapid dynamic response with a 

steady-state error of 0.4V peak-to-peak voltage under 

linear and nonlinear load perturbations. The total 

harmonic distortion (THD) is also reduced to 0.20% and 

1.14% for linear and non-linear loads, respectively  

3. SMART GRID CONNECTED WIND ENERGY 

SYSTEMS 

Solar The need to integrate the renewable energy like 

wind energy into power system is to make it possible to 

minimize the environmental impact on conventional 
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power plants [1]. The integration of wind energy into 

existing power system presents various technical 

challenges that require consideration of voltage 

regulation, stability and other power quality problems. 

Power quality is an essential customer-focused measure 

and is greatly affected by the variation of the wind and 

thus the output of wind energy conversion system. There 

has been an extensive growth and quick development in 

the exploitation of wind energy in recent years. The 

individual units can be of large capacity up to 2 MW, 

feeding into distribution network, particularly with 

customers connected in close proximity [3]. Today, more 

than 28,000 wind generating turbines are successfully 

operating all over the world. The issue of power quality is 

of great importance to the wind turbine [2].In the 

fixed-speed wind turbine operation, all the fluctuation in 

the wind speed are transmitted as fluctuations in the 

mechanical torque, electrical power on the grid and leads 

to large voltage fluctuations. During the normal 

operation, wind turbine produces a continuous variable 

output power. These power variations are mainly caused 

by the effect of turbulence, wind shear and tower-shadow 

and of control system in the power system. In order to 

deliver reliable power, the network needs to manage for 

such fluctuations. Otherwise these fluctuations will be 

reflected in the generation, transmission and distribution 

network as voltage sag, swells, flickers, harmonics etc. 

The proposed grid connected WECS system implemented 

for power quality improvement at PCC is as shown in .. In 

this configuration, wind generators are based on constant 

speed topologies with pitch control turbine. The 

induction generator is used in the proposed scheme 

because of its simplicity, non-requirement of a separate 

field circuit, acceptance of constant and variable loads and 

natural protection against short circui 

 

4.  PSO ALGORITHM OPTIMIZATION 

The technique will respond immediately to address the 

input error of the system fig below  shows a proposed 

model of the inverter control system with the PSO 

technique. A PSO technique is implemented to optimally 

design the PI controller parameters by minimizing the 

error between the voltage regulator and current 

controllers. Detailed descriptions of the fitness function 

and constraints in the PSO algorithm are provided below 

   

 

Fig no1. Schematic diagram of the proposed PSO 

optimization technique for the inverter control scheme 

 

Fitness function 

Fitness function is the optimal solution of evaluating the 

searching area called objective func- tion. The mean 

square error and the THD are formulated as objective 

functions to be mini- mised for the DC link voltage and 

current controller, in order to obtain the optimal PI 

controller parameters Kp and Ki in the DC link voltage 

regulator and current controller  The objective function of 

the system can be described as follows: 

  
where e is the error, C1 and C2 are weight coefficients, 

Tmax is the maximum time, and THDV is the THD of 

output voltage. 

 

Problem constraints 

The complete formulation of the optimal DC link voltage 

regulator and current controller for the three-phase 

grid-connected inverter of the PV system is expressed 

below.  
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 In the expressions above, l1, l2, l3, l4, l5, l6, l7, and l8 are 

the lower limits ofKvP; Kiv; KPQ; KiQ; KPd; Kid; KPq, 

and Kiq, respectively, and u1, u2, u3, u4, u5, u6, u7, and 

u8 are the upper limits of Kpv; Kiv, KPQ; KiQ KPd; Kid; 

KPq, and Kiq, respectively. In this study, the PSO 

algorithm is proposed to solve this optimization problem 

 

PSO algorithm 

In this section, the proposed PSO method is first 

introduced. Then, the implementation of the technique in 

this work is discussed. The evolutionary algorithm called 

PSO was first proposed by Elberhat and Kennedy in 1995 

to solve various real-valued optimization problems PSO 

is a powerful technique for achieving the best solution in 

a nonlinear system. The PSO technique is developed on 

the basis of the natural behaviours of flocks of birds and 

schools of fishes that move around in groups at a 

D-dimensional space  At every iteration, each par- ticle 

moves in the direction of the best solution discovered so 

far in the swarm. Keeping this interaction, the particle 

continues searching for a better solution than the previous 

one and moves toward it, thereby exploring the region 

thoroughlyThe position and velocity of the ith particle of 

the swarm in the search space vector are represented as Xi 

= *Xi1, X…,XiD+ and Vi = *Vi1, Vi…,ViD+, respectively 

[43]. The best previous solution for the ith particle swarm 

is Pi = [Pi1, Pi2,. . ...,PiD], and the global best position is Pg 

= *Pg1, Pg2,…,PgD+ *38+. The updated position and 

velocity of each particle in the next iteration are based on 

Eqs and respectively, 

.   

where (i = 1,2,,m), n is the iteration number, ω is the 

inertia weight, C1 is the social rate, C2 is the cognitive 

rate, and r1 and r2 are random intervals (0, 1). The PSO 

algorithm is used in this study due to its easy 

implementation, robustness, global convergence 

capability and mini- mal required computation time. 

Tuning the PSO parameters considerably affects the 

optimisation performance. Thus, choosing the proper 

parameters helps improve the algorithm’s effectiveness. 

In the inverter control system, the best values of the Kp 

and Ki parameters will be identified to produce small or 

zero error. 

PSO algorithm implementation 

The PSO algorithm randomly initiates the particle at the 

beginning to calculate the fitness and obtain the best value 

of each parameters in the whole swarm. The proposed 

PSO algorithm was implemented using MATLAB code  

The flowchart of the PSO algorithm is shown in fig . The 

optimization steps of the PSO algorithm are described 

below. 

Step 1: Initialize the parameters: in this step, the 

parameters of the algorithm are defined, including the 

number of population (N), lower and upper bounds (LB, 

UB), maximum number of iteration (I), weight coefficients 

(C1, C2), velocity (V), inertia constant (w), and number of 

variable (NV). 

 
Fig no2  Flowchart PSO 

 

Step 1.1: Set the constraints: the lower limit constraints (l1, 

l2, l3, l4, l5, l6, l7, l8) and upperlimit constraints (u1, u2, 

u3, u4, u5, u6, u7, u8). 
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Step 1.2: Define the control parameters: define the PI 

control parameter (KPv; Kiv; KPQ; KiQ; KPd; Kid; KPq; 

and Kiq) and initialize swarms as zero in the vector 

according to the number of population (N) and the 

number of variables (NV) as follows 

 
  

Step 2: Initialize the swarm population. In this step, the 

swarm population is created, whosematrix is equal to NV 

*N, and is determined as follows: 

  

The initialization value of the population in the 

population vectors is as follows: 

Each swarm utilizes its memory and flies through the 

search space for obtaining a better position than its 

current one. 

Step 3: Improve the particle generated by the new swarm. 

In its memory, a swarm memorizes the best experiences it 

has found (Pbest) along with the group of best experience 

(Gbest). In this step, a new swarm is generated as follows: 

Step 3.1: the velocity of the swarm is updated as follows: 

 
Step 3.2: the position of the swarm is updated as follows: 

 

Step 4: Conduct fitness evaluation: The new vector is 

already improved according to the above rule and is 

evaluated based on fitness function. The personal and 

global best are updated as follows: 

Step 5: Stopping criterion: If the number of iterations 

exceeds the maximum allowed, then the optimization is 

stopped. Otherwise, go to steps 3 and 4. 

The proposed optimisation technique represented in the 

pseudocode, which shows how the developed PSO 

algorithm searches for the best space solution for the best 

position, is presented 

5. RESULT 

The PSO algorithm is used to search for the optimum 

values of the PI controller parameters in order to provide 

an effective controller and better switching state for an 

inverter. The optimum parameters of the PSO algorithm 

are identified as follows: number of population (N) is50, 

maximum number of iteration (I) is 100, weight coefficient 

(C1 and C2) is 2, and inertia constant (w) is 1. 

 

 

 
 

 

 

Fig no3   Circuit diagram of proposed system 

6. CONCLUSION 

The modelling and testing of a proposed controller for the 

high-performance control of a three-phase grid-connected 

wind generation  system is presented in this paper. The 

system is simulated and tested in the MATLAB/Simulink 

environment. The PSO technique is implemented to 

obtain the optimal values parameters by minimising the 

error of voltage regulator and current controllers. The 
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technique is also used to minimize the error as much as 

possible  The effects of load transient to the grid system as 

well as grid disturbance are also discussed.The developed 

PSO technique shows the best responses to the inverter 

controller in determining the optimum values minimizing 

the error to reduce overshoot, transient response, and 

steady-state error.  
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