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Abstract
Renewable Energy System Integration is a complex nonlinear power system that suffers from significant power
system frequency and tie-line power deviations as a result of a lack of damping factor under dynamically changing
loads. However, maintaining acceptable levels of frequency and tie line changes remains challenge. Electricity
shortage during critical load situations complicates the balance between power production and demand. This
equation is essential to the efficient management of all power systems and gives extra controllers when the
incorporation of renewable energy sources into the traditional power system is taken into account. In this paper, a
PID controller with grey wolf optimization (GWO) is used to micro-grid power system load frequency control. The
GWO algorithm develops and implements a time-domain based objective function to adjust controller variables
robustly. The suggested GWO-based control is evaluated in a three-area micro-grid scenario. The recommended
GWO-PID controller's performance is compared to an PSO-PID controller to underline its robust performance across
a wide range of load changes.
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1. Introduction
The power system is a large distributed system
with several power stations and load centers. In
addition, globalization, energy consumption per
capita, and industrial demand have drastically
grown [1]. However, governments all over the
world have launched projects to incorporate
renewable energy sources into the grid in response
to growing worries about global warming, with just
a small number receiving support from
industrialized countries. This resulted in a
tremendous development of renewable energy
sources, which decreased the cost of systems per
unit even more. As a consequence, renewable
energy sources are injected swiftly, and the
system's flexibility has been drastically reduced
due to its stochastic nature. The relationship
between power plants and demand centers has

been problematic in renewable energy, especially
with the infusion of renewables into demand
centers. Power production and demand must be
balanced via load frequency control (LFC), which is
a challenging operation.
For balancing power and frequency variations,
automatic generation control (AGC) is used.
Controlling the frequency of a load may be
accomplished using a variety of classical
approaches, including integral, PI, and PID
controllers. The settings for the controller's
parameters have a considerable influence on the
performance of the controller. Multiple algorithms
were used to the LFC issue. The LFC system offers
dependable control [2–4], decentralization [5], and
linear quadratic [6].
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However, these systems have certain limitations
that make them challenging to adopt. Shankar and
Mukherjee [7] have addressed the LFC learning on
linked two-area and single-area power systems
with extended power sources, according to 2016
literature. The classical controller's gain must be
optimized for memory initialization and jumping.
Zhang et al. [8] presented a frequency control
framework with several control zones for
transmission networks in 2019 using load-side
controllers and AGC to regulate tie-line powers and
system frequency. In 2018, Aziz et al. [9]
investigated the LFC of a fused power system with
hydro, thermal, and gas-based power plants, nonscheduled wind generators, and different operating
modes and penetration levels. The frequency-active
power controller with a dynamic dead band and a
moving average filter was modified to supplement
the type-3 wind turbine technique. This paper
provides a GWO optimization approach for
optimum controller gain tuning in LFC problems for
thermal systems connected to the PV grid and wind
turbine generator. The recommended controller is
compared to PSO-PID controllers.
There are five sections to this study in the present
paper: The first section covers the introduction;
The second section covers the system study; The
third section covers the PSO based PID; The fourth
section covers the GWO-PID and the fifth covers
simulation results & conclusions.
2.System Under Study
Figure 1 shows the micro-grid power system under
study. Area-1 includes of a wind- and solargenerated thermal energy generator that is
connected as shown in Fig. 2(a) & 2(b) to the
loading center [5]. Area-1 experiences considerable
frequency variations owing to the intermittent
nature of renewable energy sources. There's a
chance that traditional PI or PID controllers can't
solve this issue. In order to stabilize the system in
the face of various disturbances, the goal of this
paper is to develop an area frequency controller.
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Objective Function
Matlab programs are used to adjust the PID
controller settings in PSO. These parameters have
been adjusted to obtain a lower ISE and a quicker
setup time. The variables are adjusted by
optimizing and applying an objective function,
which is an ISE function.
The following is the objective function.
For ISE:
|𝑒 (𝑡)| 𝑑𝑡

𝐼𝑆𝐸 =

𝑓 = 𝐼𝑆𝐸 + 𝐼𝑆𝐸 + 𝐼𝑆𝐸
𝑓𝑖𝑡𝑡𝑛𝑒𝑠𝑠 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 =

1
𝐼𝑆𝐸 + 𝐼𝑆𝐸 + 𝐼𝑆𝐸

3. Micro Grid Design
One thermal power unit and renewable energy
sources (RES) like wind and solar systems are often
included in the development of a micro grid. All of
the above sources are represented by the transfer
function model [5]. This study investigates a
previously defined dynamic model of an
interconnected system for the ith region in order to
facilitate the controller design process.
The following parameters are used as dynamic
model states:
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Fig 2(a). Dynamic model of power systems
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Fig.2(b). Dynamic model of ith area power systems
Control and Structure of PSO
3.1 PSO Algorithm
The PSO algorithm is built on the idea of swarm
intelligence (SI). The method was based on
observations of how birds, fish, and other animals
interact with each other and behave. PSO works the
same way that fish do when they hunt for food:
they compete and work together. [6]. Particles are
the individual parts of the swarm, and each particle
stands for a different set of unknown parameters
that need to be improved. A population of random
solutions is often utilized to establish a'swarm' [7].
Particles move about in a multi-dimensional search
space in this system. It modifies its location
depending on its own experience and the
conditions of its neighboring particles. To do this,
each particle's goal is to discover a solution as
rapidly as feasible. [8]. The particles swarm and
move in rhythm with the beat function, also known
as the fitting function. Then it decides on a single
minimum or maximum answer. A function has
already been created, and it is used to assess the
particle's performance. The precision of the tuned
controller is dictated by the correctness of the
model. As a consequence, the system model is
crucial. This work's main purpose is to use the
suggested PSO to identify the optimal parameter
values for a PID controller in a two-tank operation.
[9]. We begin by seeding the system with a
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population of random solutions. Particles are what
they're called. And each of them is assigned a
random velocity. PSO is relies on the information
delivered between swarms (particles) [10]. Each
swarm changes its path depending on the greatest
fitness function it has obtained up to that moment.
This is referred regarded as the finest value.
Furthermore, swarms adjust their route by taking
into consideration the best recent position achieved
by a surrounding member. It's recognized as the
best. The particles in the search space move at a
configurable velocity. [7]. We apply a function to
assess the swarm's performance in order to decide
if it has reached the ideal solution. The fitness
function [11] is the name of this function. Each
particle attempts to accomplish its highest function
as the swarming advances, and by the finish, the
particles have settled into a predictable pattern.
Each particle is optimized as a consequence of this
technique.
Consider D as the dimension of search space.
Where
𝑋 = 𝑋 , 𝑋 ,𝑋
which represents
the present position ith particle.
Then,
𝑋
= 𝑋
,𝑋
,𝑋
represents the best positions.
The global best (gbest) position of particle can be
written as:
𝑋
= 𝑋
,𝑋
,𝑋
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Particle velocities can be represented as:
𝑉 = 𝑉 , 𝑉 ,𝑉

Upper boundaries for velocities can be written as:
𝑉

= 𝑉

,

𝑉

,𝑉

The velocity of any particle can be updated using
the following equations:
𝑉 = 𝑤 × 𝑉 + 𝐶 × 𝑟 × (𝑋 𝑝𝑏𝑒𝑠𝑡 − 𝑋 ) + 𝐶 × 𝑟
× 𝑋
−𝑋
If
𝑉 >𝑉
;
then
𝑉 =𝑉
;
If
𝑉 < −𝑉
; then 𝑉 = −𝑉
;
Where 𝑋 = 𝑋 + 𝑉

Where;
c1 and c2 are constants; that is used to represent
the cognitive and social parameter.
r1 and r2 are random numbers in the range [0,1]
w is the inertia weight to balance the ability of the
search.
The PSO parameters should be selected, as the
algorithm may be determined to ensure an
optimum value is obtained.

Here; The size of population = 100; Number of
iterations=100; c1=1.2; c2=1.2; r1=1; r2=1
PSO Implementation for tuning of Optimal
Parameters of PID controller:
Step 1: Start
Step 2: Create a random position and velocity for
the particles.
Step 3: Examine the fitness feature.
Step 4: Go to step v if the current value is greater
than Pbest; otherwise, go to step viii.
Step 5: Pbest is therefore equal to the current
fitness value.
Step 6: Go to step viii if the current fitness value
exceeds Gbest; otherwise, go to step vii.
Step 7: The current fitness function value is thus
equal to Gbest.
Step 8: The data for particle location and velocity
should be updated.
Step 9: If it satisfies the final criteria, exit.
Else go to step iii

Start

598

Select the Parameters of PSO
Population Size,C1,C2,Max.No.of iterations(imax),
Weighing factors,Velocities
Initialization of control parameters K P,KD,&KI ,each of
particles with random position & velocities
Iteration(i)=1
Update velocities

Update g-best and p-best of
each particle

Yes

Optimum values of PID
controller

No

End

Update particles positions and velocities using velocity
and position update equations
Iter=iter+1

Fig. 3 General flow chart of PSO
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Fig.4 flow chart for GWO algorithm for parameter
optimization
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4.2. GWO Algorithm
Grey wolf method has been devised by Mirjalili, a
population dependent metaheuristic algorithm
[12]. It is inspired by grey wolves and imitates the
structure of wolves leadership and frame. GWO
performs three critical steps: searching, searching
at the quarry, and proceeding to it. The quarry is
tracked, circled, and disrupted in the second step.
The next step is to attack the quarry. The full
procedure is shown in the flow chart in Figure 7
[13].
5. Simulation Results
MATLAB/Simulink is used to test the proposed
controller on the three-area microgrid power
system described in Section 2. Table-1 lists the

parameters of the Micro-Grid power system as
found in [5]. Deregulated microgrid power systems
employ GWO-PID controllers for all control regions,
as shown in Fig. 2. To illustrate the robustness of
the proposed control mechanism against a variety
of disruptions, simulations are done for a variety of
contract situations under varying load demands.
PSO and GWO Controllers are contrasted in terms
of performance in this comparison.
5.1 Case 1: Effect of Load Disturbance
It is assumed that a step change in load is evaluated
in area-1, at zero seconds with an increase of 0.02
p.u, and that this repeats in all succeeding areas at
different time intervals. Only load disruption is
considered in this scenario, with no wind or solar
power input to the system.
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Fig.5(a). Frequency variation of area- 1 due to disturbance in area-1

Fig.5(b). Frequency variation of area- 1 due to disturbance in area-2
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Fig.5(c). Frequency variation of area- 1 due to disturbance in area-3
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Fig.5(d). Frequency variation of area- 2 due to disturbance in area-1

Fig.5(e). Frequency variation of area- 2 due to disturbance in area-2
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Fig.5(f). Frequency variation of area- 2 due to disturbance in area-3

Fig.5(g). Frequency variation of area- 1 due to wind and solar disturbance in area-1

Fig.5(h). Frequency variation of area- 1 due to wind and solar disturbance in area-2

Fig.5(i). Frequency variation of area- 1 due to wind and solar disturbance in area-3
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Frequency regulation is shown in the micro-grid
area-1 in Figure 5(a).
The GWO-PID controller outperforms both the PSOPID and traditional PID controllers. The GWO-PID
controller's settling time for area-1 is 1.8167
seconds, which is faster than the PSO controller's
and the PID controller's respective settling times of
2.7293 and 2.8157 seconds. For area-2 in fig 5(b)
the load disturbance is created at 15 seconds the
GWO-PID controller has a settling time of 19.0487
seconds, which is superior than the PSO controller's
settling time of 19.2675 seconds and the PID
controller's settling time of 20.0641 seconds. The
GWO-PID controller has a better settling time than
the PSO controller, which has a settling time of 34.1
seconds, and the PID controller, which has a
settling time of 37.4 seconds, when the load is
increased at 30 seconds for area-3 Shown In Fig
5(c). The GWO-PID controller has a settling time of
33.85 seconds. Similarly For Area 2 Responses Are
Shown In Fig 5(d), 5(e), 5(f).
5.2 Case 2: Effect of Multiple Disturbances
In this hypothetical situation, the system is
perturbed by wind, sun, and load fluctuations,
which ultimately leads to an increase in severity.
Both the

sun and the wind are modelled as Gaussian noise,
with the solar model having a mean of 0.01 p.u. and
a variation of 10-6, and the wind model having a
mean of 0.001 p.u. and a variance of 10-4. In
addition, there is an unexpected rise in demand of 4
percent, which contributes further to disruptions in
the production of renewable energy. When
compared to the PID& PSO-PID controllers in Fig.
5(g) TO 5(i), the frequency distortions in the GWOPID controller are greatly reduced.
6. Conclusion
This paper suggests a GWO-PID based Load
Frequency Control for a three-area interconnected
micro-grid power system in each control region.
The findings were compared to a PSO-PID
controller. According to the findings, the GWO-PID
based LFC offers a quicker and more accurate
response in comparison to the traditional PID in
terms of the maximum peak overshoot, the settling
time, and the steady state inaccuracy. The results
indicated that the suggested GWO-PID controller
has superior dynamic performance compared to
traditional controllers and is also quicker.
Appendix

Table 1: Parameters of the Micro-Grid Power system
Area TPi KPi
TTi TGi
Ri KEi KBi KSij
1
20 120
0.3
0.08
2.4 10 0.41 0.55
2
25 112.5 0.33 0.072 2.7 9
0.37 0.65
3
20 115
0.35 0.07
2.5 7.1 0.4
0.545
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