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Abstract: The operation and design of modern interconnected power systems rely heavily on load frequency regulation. The integration
of wind power, photovoltaic energy, and other new energy sources into the power grid has presented significant challenges to the power
system. The objective of this work is maximizing the energy output, efficiency and reduced the error of the wind and solar energy
system. The less efficient and older power plants are not operated continuously and are only used during peak hours. As a result, an
integrated system can help power plants run more efficiently. Also, in wind power fluctuation adds negatively to power imbalance and
frequency deviation. To overcome this Problem, we proposed hybrid method is the combined with Sand Cat Swarm Optimization
(SCS0), and Spiking Neural Network (SNN). The SCSO generate the control signal of the converter and the SNN method predicts the
control signal from the SCSO method. By then, the SCSO-SNN technique is performed in MATLAB platform and the implementation is
calculated with the present procedures. The proposed method shows better results in all approaches like, Particle Swarm Optimization
(PSO), Ant Lion Optimization (ALO) and Sand Cat Swarm Optimization (SCSO). The proposed method SCSO-SNN compared with

existing methods error of battery, Photovoltaic, wind with battery error value is 2.7%.

Keywords: Photovoltaic system, Wind Turbine, Hybrid, Load frequency, Power plant, Converter, PID controller and solar field.

1. Introduction

Transmission lines link the contemporary power system
network to several regulated locations [1]. The most
important factor in determining how efficiently, steadily,
and reliably linked power systems operate is the regulation
of active power and frequency [2]. The power system unit
is continually at risk from changing loading conditions in
real life, which might cause the equilibrium states of power
system operation to be disrupted. Any abrupt change in
frequency results in the instability of power systems since
the term frequency and active power are intimately
associated [3]. Electric motors, transformers, and other
devices may lose synchronization and produce excessive
magnetizing current in the event of a significant shift in
frequency [4]. Consequently, in order to maintain
frequency stability and synchronization with surrounding
places, Modern power systems incorporate the load-
frequency controller (LFC) with a governor control
mechanism. The LFC function, a supervisory controller
function, aims to maintain system frequency within a
constrained area by attempting to match the generation
trend with rising load demand. Likewise, switch tie-line
electricity at the appropriate times [5]. In a contemporary
power system, LFC is a key auxiliary function that
supports power exchanges while simultaneously improving
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market conditions for energy [6]. Controlling active and
reactive power is necessary for preserving the steady-state
of system. The goal of the control strategy in an
interrelated scheme is to create and distribute electricity as
inexpensively as possible and consistently as feasible while
keeping the frequency as well as voltage within suitable
limits [7].

It is important to remember that a phenomena known as
the Load Frequency Control method controls the frequency
and active power. With the latest growth of massive
interrelated systems, this notion has additional received
study attention and made the functioning of the linked
system more practical [8]. In addition, a contemporary
huge linked network makes it impossible to physically
regulate power generation to balance the power demand.
Therefore, each generator has equipment placed for
automated  generation and voltage management.
Additionally, the controller is set up for a particular
working situation and often handles any little changes in
load demand without exceeding the permitted limits for
voltage and frequency [9]. LQR controllers have recently
received a lot of attention and research interest. Similar to
this, interest in the LQR controller is growing. To improve
dynamic response and remove or reduce steady-state
faults, AGC and LFC frequently employ the widely used
classical integer-order proportional-integral controller and
proportional integral derivative controller [10]. The LOR
problem, a quadratic function, establishes the cost
function and a set of linear differential equations explains
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the dynamics of the system. The LQR offers the best
answer, according to one of the key theoretical discoveries
[11]. Numerous researches have been done so far on the
load frequency control strategy of linked power systems. In
a multi-area power system, a hybrid approach is utilized to
develop a fuzzy PI/PID controller for load frequency
control [12]. The research employs the evolutionary
method to create the fuzzy PI/PID-controllers' scaling
factors for a 2 region thermal-power system. [13]. In this
regard, the method's viability is determined using a range
of system characteristics and loading scenarios.
Additionally, a fuzzy PI/PID controller for the AGC of
conventional/restructured multi-area linked power-systems
is in [14] and is depends on a bacterial foraging
optimization algorithm. The findings of simulation have
been given in terms of peak undershoots, tie-line and
frequency responses settling times, IAE, ITAE, ISE, and
ITSE.

In [15], to propose a non-linear fuzzy PID-controller
synchronized with a thermistor-controlled  series
compensator for the load frequency control problem, a
brand-new modified differential evolution (MDE) method
is employed. Additionally, [16] proposes a Fractional
Order PID controller for load frequency management
(LFM) based on Gases Brownian Motion Optimization
while taking governor saturation into account [17].
Performance of the algorithm is robust to changes in
parameter values. According to [18], a unique combination
of Teaching Learning Based Optimization and Local
Unmoral Sampling is used to produce the fuzzy PID
controller scaling factors. The findings made it abundantly
evident that the recommended hybrid technique can
produce a better outcome than the traditional PID
controllers. Additionally, [19] presents a unique hybrid
Pattern Search (PS) and PSO-based fuzzy PI controller for
AGC. The results of the method are comparing to those of
other techniques like GA, DE, classic Ziegler Nichols
(ZN), BFOA, and hybrid BFOA-PSO [20]. The proposed
fuzzy PI-controller is resilient to variations in system
characteristics and loading circumstances.This paper
proposes a hybrid technique for LFC of modern
interconnected power system. The proposed hybrid
technique is combined with Sand Cat Swarm Optimization
(SCSO) and Spiking Neural Network (SNN). Remaining
paper is described as below: The literature review of recent
work is explained in section 2. Configuration of load
frequency used in power system is explained in section 3.
The SCSO-SNN method and its process is clarified in
section 4. The simulation and results is explained in
section 5. Lastly, the conclusion is explained in section 6

2. Literature Survey

Several research works have earlier presented in the
literature is depends on the Load Frequency control of

modern interconnected power system utilizing several
methods and features. Here, few of them are revised.

D Guha et al. [21] have explained the LFC by putting into
practice a brand-new heuristic optimization technique
dubbed quasi-oppositional-based JAYA (QOJAYA). The
knowledge of QO-based learning was combined into the
algorithm to hasten convergence and identify the most
effective LFC issue solutions. In order to demonstrate
effectiveness, the QOJAYA approach was independently
applied to 2 area multi-unit multi-source power plant and
3area hydro-thermal power plants. The famous PI
controller's  performance sufficiency and structural
simplicity compel the best secondary controller design at
the outset. According to A. Latif et al. [22], the variable
demand and generation characteristics in modern power
networks have made LFM more important. The complexity
of the LFM task is increased by the incorporation of RSs
into the power systems. To reduce the power mismatch of
the specific power system, secondary frequency control,
also known as LFM aim, was introduced to single and
multi-area power systems. For single- and multi-area
systems, this aids control the system frequency, and for
multi-area systems, it helps plan the tie-line power
exchange. Load frequency controllers were created in
order to regulate and minimize the system frequency
deviation. However, clever soft computing methods that
take into consideration many controllers were applied to
ensure the best possible power management. This study
intends to give an overview of several controllers used in
LFM power systems powered by traditional and renewable
energy sources. N Jalali et al. [23] have suggested LFC
regarded as one of the most crucial services in the function
and planning of the contemporary electric power system.
Due to the different structural and non-structural
uncertainties in power systems, utilizing control techniques
with set parameters may not output in the system
performing at its best. In order to control load frequency
for linked multi-area power systems in the presence of
parametric uncertainties and external disturbances, this
research creates a special fuzzy PID controller. The
algorithm updates the model parameters and scaling factors
of the output and input membership functions as well as
the weights of the fuzzy PID controller rule values. The
fuzzy rule weight values were determined based on the
area control error (ACE) variable partitioning's transient
response.

A.O. Aluko et al. [24] have to restructured power system
faced significant problems in managing the many
uncertainties in the output of renewable energy and load
demands. With a strong UIO for dynamic state estimation
and an interval type-2 FLC, this work recommends
developing a novel control strategy for adaptive load
frequency control of linked power systems with significant
renewable energy saturation in a reorganized power system
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environment. P A Gbadega and K T Akindeji [25] have
suggested the frequency was a important criterion for the
large-scale, multi-area power systems' dependability. The
linked power system needed stability, which could only be
provided by active power balance and constant frequency.
It was fascinating to learn that active power balance was
necessary for frequency. An LFC system must be designed
to regulate power generation and the active power at the tie
lines in order to increase the dependability of the power
networks. In this study, controls for complicated power
systems were designed using a subset of classical-control
theory that was thought to be an optimum control idea by
reducing a performance index depends on the system-
variables. A Kazemy and M Hajatipour [26] have
explained a design of LFC for multi-area power networks
with linked Markovian jumps. The probability of cyber-
attacks was unavoidable because the electricity system was
dispersed across a wide region and therefore needed a
communication network to exchange data. Denial-of-
service (DoS) assault, the most frequent attack in power
systems, was thus taken into consideration for the
communication route. P Gaur et al. [27] have modern
power system, Due to their quick charging/discharging
capabilities; vehicles-to-grid (V2G) were likely to play a
bigger role in contributing to ancillary services like
frequency control. V2G technology may be used to
manage the gap between supply and demand. In light of
these considerations, this research suggests a load
frequency management strategy including RES and
vehicles-to-grid that can improve system-dynamics during
load variations. The multi-source system including a solar-
thermal power plant (STPP), a thermal unit, a gas unit, and
an EV fleet in Area-1; two thermal units and an EV fleet in
Area-2 and -3, respectively, was created for this.

2.1. Background of Recent Research Work

The LFC sector has effectively used a variety of controller
designs and optimization approaches to enhance power
systems. It was discovered that when the fuzzy PI/PID
controller is employed, 2 issues arise: first, how to select
the PI/PID controller's optimal gains; and second, how to
pick the best design parameters for the fuzzy logic to
increase its effectiveness. These 2 challenges are
significant because the optimal gains of the PI/PID
controller selection affect the appropriate design
parameters of the fuzzy logic in one way, and in the other
direction. As a result, it is necessary to determine both the
fuzzy logic design settings and the PI/PID controller's
optimal gains at the same time. Fuzzy logic was utilized to
choose the best PI/PID increases. The use of fixed design
parameters may not produce the performance of best
system in real systems because of parameter uncertainty
and outside disruptions. To solve this problem, this paper
introduces a new fuzzy PID controller for the LFC of

interconnected multi-area power systems in the face of
parametric uncertainties and load disruptions.

3. Configuration of Load Frequency Used in
Power System

Configuration of LFC in PV and WT is portrayed in fig 1.
This paper presents a two hybrid power system. Solar and
wind are the two categories. The block diagram of a hybrid
renewable 2-area non-linear power system is shown in fig
1. Photovoltaic system is presented in area 1. Filter and
wind energy conversion system (WECS) area 2. A 0.5
loading factor change has resulted in a 2000 MW gross
active power rating for the control region. The network
features a 2000 MVA complicated base power. The
network parameter values are exported. The above-
mentioned blocks are represented linearly as a 1% order
transfer-function in the S-domain, where K denotes
component's gain, T denotes time-constant of stated
component, T12 denotes synchronization constant, B
denotes frequency bias constant in the control region, R
denotes speed factor of the governor, and suffixes g, t, and
h denotes the reheated component. Additionally, the RES
structure is made so that every control zone has STPP with
a capability and that areas 1 and 2 each have wind power
plants with capabilities of 85 MW and 50 MW,
correspondingly.
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Fig. 1. Configuration of LFC in PV and WT
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3.1. Modeling of Wind Power Plant

In this work, the real-time wind speed changes are
included into the system model to provide a realistic
simulation of the wind power plant [28]. An onshore fixed-
speed wind that is in operation exported real wind
fluctuations. Configuration of LFC in PV and WT is
illustrated in Fig. 1 . From the fig, the wind farm is placed
in area 2 and has an overall nominal capacity as 85,000
KW. One hundred wind turbines totaling 850 KW
every make up the wind farm layout. The turbines
employed in wind farms are Games G52/850 prototypes,
and their Chirac tourism features are extensively
explained. Depending on the following relationship, wind
turbine transforms the input wind speed to active power.

(po)-

R, =0.125pnDV,;C, (%.B)
1)

Where, the actual energy generated by the turbines
signifies P, the amount of total Wind power is converted
into useable mechanical power signifiesC,. the wind-
speed in (m/s) signifiesV,,,

(Kg/m3), D as the turbine-blade diameter in (m).
According to the Betz limit, the value of C;is

pas the air-density in

theoretically restricted to 59.3%. The following is a
mathematical representation of C,, .

A; —0.002p2 —5.6p 017%
Cp()" B): ( I 2 }9
)
LoD andi, = 1800D
N, 16092

3
Where ) represents the tip speed rate, o, signifies the
turbine's rate of rotation and p the operational value of

C, is changed by putting the pitch angle management

P
method into practice, which is used to guarantee the
turbine is working at its peak output. Applying the
aforementioned control technique has resulted in the wind
power facility being excluded from the LFC main scheme.
For the purposes of this analysis, it is anticipated that the
farm's current wind turbine generators will be united into a
single, tremendously powerful integrated induction
generator. The integrated induction wind generator (IWG)
has a 1st order-lag transfer

KIWC

1+sTywe

(4)

Where, the gain of IWG signifies K, and time-constant
signifies Tyyc -
3.2. Modeling of PV Power Plant

Fig 3 portrays Circuit diagram of a PV model with a single
diode, where the model's selection is seen to be a good
balance between accuracy and model complexity [29]. The
model's equations are given as follows.

=1 |{exp(v + Ist_l}_V + IR,
a Rsh

®)

Where the series resistance signifies Ry, the photocurrent

signifies |, , the modified diode idealist factor signifies a,

the shunt resistance signifies Ry, and the diode saturation

current  signifiesl,. According to the following

relationship, the value of | is dependent on the

ph
functioning temperature as well as solar-radiation.

I ph = I ph(st) -G [T _Tstk;
(6)

Here the suffix (St) represents the standard-conditions,

The operating temperature is denoted by the factor T, and
the normalized solar radiation is denoted by the factor G,
which is the ratio of the operating irradiation to the
standard radiation. This factor describes the rate at which
short circuit current changes with temperature. A
photovoltaic power-station is located in area-1 for the
analysis's needs. The station has a 50 MW active power
rating and is made up of 250 PV panels, every with a
capacity of 200 KW. The system's structure consists of 50
shunt threads, each containing 5 series-panels. Kyocera
KC200GT module serves as the prototype for the PV
arrays that have been put into use, and its specs are given.

Fig. 3. Circuit diagram of a photovoltaic model with a
single diode

The converter and inverter stage are the two steps that
make up the PV-grid interface. The major goal of the first
stage is to guarantee the PV power stations optimal power
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functioning. As a result, the PV system is not a part of the
LFC's main plan. Controlling the electricity flow among
the photovoltaic system and grid is the inverter's main
duty.

Assumed to be a 1% order lag, the transfer-function of
photovoltaic-grid interface is written by below.
Kei

TF. = 7
G 14 5Ty, 0

Here, the photovoltaic-grid interface gain represents Kg,

and its time-constant represents T, .

3.3. Modeling of PID Controller

Modeling a PID (Proportional-Integral-Derivative)
controller involves determining the transfer function or
mathematical representation of the controller's behavior.
This transfer function defines the generation of the control
output by the controller in response to variations in the
error signal. A PID controller's general form is provided

by:
C(S) = Kp + Kiis + Kg*s (8)

Here, C(s) represents transfer-function of the Proportional-
Integral-Derivative controller, s represents complex
frequency variable in the Laplace domain. K;, Kg, and K,
and are the integral, derivative gains and proportional,
correspondingly.

controller plant

N
r ()¢ cs ‘ Py y

To model a PID controller, you typically start by
determining the transfer function of each component
(proportional, integral, and derivative) and then combine
them together. To model a PID controller using process
variable (PV) details, you need to consider the
characteristics of the controlled process and incorporate
them into the controller model. The modeling process
typically involves identifying the process dynamics and
determining  the  appropriate  transfer  function
representation.

4. Load Frequency of Control System Using
SCSO-SNN

This paper the proposes a hybrid technique is combined
with the Sand Cat Swarm Optimization (SCSO), and

Spiking Neural Network (SNN). The SCSO generate the
control signal of the converter and the RERNN method
predicts the control-signal from the SCSO technique. The
detailed explanation of SCSO-SNN method is defined as
below,

4.1. Sand Cat Swarm Optimization (SCSO)

Fig 4 shows the SCSO Algorithm in Exploitation VS
Exploration. It is a cutting-edge approach to population-
based optimization that imitates the sand cat's typical
foraging and hunting behaviors [30]. These cats are expert
diggers and can detect low frequencies as low as 2 kHz.

IR|<1
(ﬂ Exploitation) m Xp (@

|R|<I
(Exploitation)

Fig. 4. SCSO Algorithm in Exploitation VS Exploration
Step 1: Initial population
Initialize the random generation parameters for the of
proportional-integral is Kp and K;. Allocate the input
values as current and voltage.
Step 2: Random Generation

The input-parameters are generated at random.

I Ip Z1g
c | Zar T e Zq
J:

ket Kz e King
©)
K= population

Step 3: Fitness Assessment:

Based on the current optimal position, the initialization
parameters are chosen. The fitness value of every
individual should be determined.

Sand Cat j =[z;,2,,...2p] ;j € population (1, k)
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Fitness = (Sand Cat) = F = Min(Error)
(10)

Vzj is calculated for k time
Step 4: Check the Random Condition |F|<1

The adaptive value parameters fR and F provide a

guarantee for exploitation and exploration. Sand-cats are
instructed to attack their prey when |F| <=1, else, the cats

are given the responsibility of locating new potential
solution in global region.

- f.Pos(T +1)— Poskp.Cosf
Fren=i’ os(T +1) — Poskp OL (11)
f.Pos,. (T)—rand (0,1) — Pos(T).C

Where F as random value, T present time
5.1: Check the Search Agent Position
If (Abs(F) <=1)

7(T +1) = {POS(T +1) — PoS pe.Cos0.T
(12)
5.2: Check the Position of Search Agent

Else |F|<=1

T (T +1) = {TPosse (T) — rand (0.1) - Pos(T).C
(13)
Step 6: Termination

Verify the stopping criterion and if the optimal output is
attained then process gets conclusion else go to step 3.

4.2. Spiking Neural Network (SNN)

The term SNN is used in studies to refer to any type of
neural network that incorporates time as well as neuronal
and synaptic states [31]. In particular, during the learning
phase, the SNN algorithm may automatically update the
SNN. According to diverse application information, SNN
provides a optimal solution method for balancing
exploitation and exploration. Neural coding is the process
of using spike trains to represent data. The population, rate,
and temporal encoding methods are used to encode real
values. According to a temporal neural coding scheme
applicable to applications for sequence modeling and
forecasting, the related temporal events concealed inside
the sequence are believed to be repressed.

Input layer Hidden layer Output layer

AN

\“"‘( }\’Q‘\{,
e“"’ﬁf/}"&\?{‘e
RN

A
& \el LY
LAY
///‘\\\

0
it
Fig. 6. Structure of Spiking Neural Network (SNN)

5. Result and Discussion

The transfer function model of investigating the power-
system is created utilizing the MATLAB/SIMULINK
platform. The proposed duelist algorithm's frequency-
deviation, control area-error, and tie-line power are
examined and simulated. In this the response examined
utilizing two cases (1) Performance of SCSO-SNN Method
under Constant Input and (2) Performance of SCSO-SNN
Method under step changed Input. During the two
situations the SCSO-SNN technique is examined and then
it compares to the existing methods such as PSO, ALO and
SCSO. The SCSO-SNN method is best performance than
the existing technique.

Case 1: Performance of SCSO-SNN Method under
Constant Input

Analysis the error of battery and photovoltaic and wind is
shows in fig 6. Subplot 6(a) shows the error of battery. The
error of battery is initially started from 0.57 at 0 sec. the
error value is increase to reach 0.585 at 5 sec. The error is
reduced to reach 0.560 at 5 sec. The remaining error value
is constant 0.55 at 10 to 100 sec. Subplot 6(b) shows the
error of photovoltaic. The error of PV is initially started
from 0.143 at 0 sec. the error value is increase to reach to
0.148 at 5 sec. The error is reduced to reach 0.142 at 5 sec.
The remaining error value is constant at 10 to 100 sec.
Subplot 6(c) shows the error of wind. The error of wind is
initially started from -0.18 at O sec. the error value is again
decrease to reach to -0.182 at 5 sec. The error is increase to
reach -0.183 at 52 sec. The remaining error value is
constant at 10 to 100 sec. Comparison of battery error with
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SCSO-SNN and existing technique is shown in fig7.
Subplot 7(a) shows the proposed method battery error
value is initially started from 0.57 to 0 sec, and then they
increase to reach 0.585 at 1 sec. Then they value is reduced
to reach 0.573 at 2sec.The battery error value is increase to
0.55 at 5sec. The remaining battery error value is constant
0.55 at 10sec to 100 sec. The proposed method battery
error value is 0.573 which is higher than other existing
methods like SCS, ALO and PSO methods. Comparison of
PV error with proposed and existing method is shown in
fig7. Subplot 7(b) shows the proposed method photovoltaic
error value is initially started from 0.143 to 0 sec, and then
they increase to reach 0.148 at 1 sec. Then they value is
reduced to reach 0.142 at 2sec.The PV error value is
increase to 0.143 at 5sec. The remain PV error value is
constant 0.143 at 10sec to 100 sec. The proposed method
PV error value is 0.142 which is higher than other existing
methods like SCS, ALO and PSO methods. Comparison of
wind error with proposed and existing method is shown in
fig7. Subplot 7(c) shows the proposed method wind error
value is initially started from -0.18 to O sec, and then they
increase to reach -0.172 at 1 sec. Then they value is
reduced to reach -0.185 at 2sec.The wind error value is
increase to 0.184 at 5sec. The remaining wind error value
is constant -0.184 at 10sec to 100 sec. The proposed
method PV error value is -0.185 which is higher than other
existing methods like SCS, ALO and PSO methods.
Comparative of SCSO-SNN and existing methods
frequency-deviation for

(a) battery, (b) PV, (c) wind is shown in fig8. Subplot 8(a)
shows the proposed method frequency deviation for battery
value is initially started from OHz to O sec, and then they

increase to reach 10x10*Hz at 1 sec. Then they value is

reduced to reach -2x107°Hz at 2sec, the frequency
deviation for battery value is increase to OHz at 5sec.The
remain frequency deviation for battery value is constant at
10sec to 100 sec. The proposed method frequency

deviation for battery value is -2x107*Hz which is higher
than other existing methods like SCS, ALO and PSO
methods. Comparison of frequency deviation for PV with
proposed and existing method is shown in fig8. Subplot
8(b) shows the proposed method frequency deviation for
photovoltaic value is initially started from OHz to O sec,

and then they increase to reach 1.5x107%Hz at 1 sec.

Then they value is reduced to reach -0.2x107Hz at 2sec,
the frequency deviation for PV value is increase to OHz at
5sec.The remain frequency deviation for PV value is
constant at 10sec to 100 sec. The proposed method

frequency deviation for PV value is -0.2x107*Hz which
is higher than other existing methods like SCS, ALO and
PSO methods. Comparison of frequency deviation for
wind with proposed and existing method is shown in fig8.

Subplot 8(c) shows the proposed method frequency
deviation for wind value is initially started from OHz to 0

sec, and then they decrease to reach -3x10* Hz at 1 sec.

The value is increase to reach -0.2x107* Hz at 5sec.The
remains frequency deviation for wind value is constant at
10sec to 100 sec. The proposed method frequency

deviation for wind value is -0.2x10™* Hz which is higher
than other existing methods like SCS, ALO and PSO
methods

L] 4 k! & 0 L] L.
Timeizec) Time(sec)

0w A W & s K T 80 90

Timeisec)

Fig. 6. Analysis the Error of (a) battery, (b) photovoltaic,
(c) wind
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Fig 7: Comparison of SCSO-SNN and existing approaches
error of
(a) battery (b) photovoltaic (c) wind.
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Fig. 11: Comparison of proposed and existing methods Tie
line power for (a) battery (b) photovoltaic (c) wind

Fig 9 portrays analysis the frequency-deviation of PV and
wind. Subplot 9(a) portrays the frequency deviation of PV.
The frequency-deviation of PV is initially started from
OHZ at 0 sec. the frequency deviation of PV increase to 16

x107* HZ at 5 sec. Then they reduced to reach -2x10™*
HZ at 5 sec. The frequency deviation of PV value is
constant OHZ at 10 to 100 sec. Subplot 9(b) portrays the
frequency deviation of wind. The frequency-deviation of
wind is initially started from OHZ at O sec. the frequency

deviation of wind increase to 0.3x10™* HZ at 5 sec. The
frequency deviation of wind value is constant OHZ at 10 to
100 sec. Analysis the Tie-line power of battery and PV and
wind is shows in fig 10. Subplot 10(a) shows the Tie-line
power of battery. Tie-line power of battery is initially
started from OW at O sec then they increase to reach at 12

x107°W at 2 sec. Tie-line power of battery is reduced to

reach at -2x10°W to 5sec. Tie-line power of battery
value is constant to OW at 55sec to 100sec.Subplot 10(b)
shows the Tie-line power of PV. Tie-line power of PV is
initially started from OW at 0 sec then they increase to

reach at 3x10°°W at 2sec. Tie line power of PV value is

decrease to reach -0.5x107>W at 5 sec. Tie-line power of
battery value is constant to OW at 55sec to 100sec.Subplot
10(c) shows the Tie-line power of wind. Tie-line power of
wind is initially started from OW at O sec, and then they

decrease to reach at -8x 107> W at 2sec. Tie-line power of
wind value is increase to reach 2x10~°W at 5sec. Tie line
power of battery value is constant to OW at 55sec to
100sec. Comparative of Tie-line power battery with
proposed and existing method is shown in figll. Subplot

11(a) shows the proposed method of tie line power battery
value is initially started from OW to O sec, and then they

increase to reach 15x107° W at 2 sec. The tie line power

battery value is reduced to reach -0.2 x 107° W at 5sec.The
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remain Tie line power battery value is constant OW at
55sec to 100 sec. The proposed method frequency

deviation for battery value is -2x107° W which is higher
than other existing methods like SCS, ALO and PSO
methods. Subplot 11(b) shows the proposed method tie line
power for PV value is initially started from OW to O sec,

and then they increase to reach 3x107°W at 1 sec. Then

they value is reduced to reach -0.3x107°W at 2sec.The
remain Tie line power battery value is constant OW at
55sec to 100 sec. The proposed method tie line power for

PV value is -0.3x107°W which is higher than other
existing methods like SCS, ALO and PSO methods.
Subplot 11(c) portrays the proposed method of tie line
power wind value is initially started from OW to 0 sec, and

then they decrease to reach -8 x 107 W at 2sec.the value is

increase to 1x1072W at 5sec.The remain tie line power
wind value is constant OW at 5sec to 100 sec. The
proposed method frequency deviation for battery value is -

8x107°W which is higher than other existing methods
like SCS, ALO and PSO methods.

Case 2: Performance of PSCSO-SNN Method under step
changed Input

Analysis the error of battery and PV and wind is shows in
fig 12. Subplot 12(a) shows the error of battery. The error
of battery is initially started from 0.6 at 0 sec. The error is
constant at 0.6 to 50 sec. Then they error value is again
increase to reach to 2.8 at 50 sec. The error is reduced to
reach 2.7 at 52 sec. The remaining error value is constant
at 2.7 to 100 sec. Subplot 12(b) shows the error of PV. The
error of PV is initially started from 0.15 at 0 sec. The error
is constant at 0.15 to 50 sec, then they error value is again
increase to reach to 0.6 at 50 sec. The error is reduced to
reach 0.7 at 52 sec. The remaining error value is constant
at 0.7 to 100 sec. Subplot 12(c) shows the error of wind.
The error of wind is initially started from -0.18 at 0 sec.
The error is constant at -0.18 to 50 sec. Then they error
value is again decrease to reach to -0.9 at 50 sec. The error
is increase to reach -0.89 at 52 sec. The remaining error
value is constant at -0.89 to 100 sec. Analysis the
frequency deviation of battery and PV and wind is shows
in fig 13. Subplot 13(a) portrays the frequency deviation of
battery. The frequency deviation of battery is initially
started from OHz at O sec then they increase to reach at
0.012 at 1 sec. the frequency deviation of battery is
reduced to reach at -0.09Hz to 2sec.Then they value is
constant OHz at 5 to 50sec. The frequency deviation of
battery is again increase to reach 0.05Hz at 50sec,then they
value is decrease to reach 52Hz at -0.015sec.The value is
again increase to OHz at 55sec.The remain frequency
deviation of battery value is constant at OHz to 100 sec.
Subplot 13(b) portrays the frequency deviation of PV. The

frequency deviation of PV is initially started from OHz at 0

sec then they increase to reach at 1.9x107% at 1sec. The
frequency deviation of PV value is decrease to reach -0.9

x 1072 Hz at 2 sec. The value is constant in OHz at 3sec to
50sec. The frequency deviation of PV is again increase to

reach 7.5x107% at 50sec, then they value is decrease to

reach 52Hz at -1.5x 10 ®sec. The value is again increase
to OHz at 55sec.The remain frequency deviation of PV
value is constant at 0Hz to 100 sec. Subplot 13(c) portrays
the frequency deviation of wind. The frequency deviation
of wind is initially started from OHz at 0 sec then they

decrease to reach at -3x10™ Hz at 1sec.The frequency

deviation of wind value is increase to reach -0.1x107* Hz
at bsec. The value is constant in OHz at 5sec to 50sec. The
frequency deviation of wind is again decrease to reach -

0.12x10™* Hz at 50sec,then they value is increase tol

x10~* at 55sec.The value is again decrease to OHz at
55sec.The remain frequency deviation of wind value is
constant to OHz at 55sec to 100 sec. Comparative of
frequency deviation for battery with SCSO-SNN and
existing method is shown in fig1l4. Subplot 14(a) shows the
proposed method frequency deviation for battery value is
initially started from OHz to O sec, and then they increase
to reach 0.012Hz at 1 sec. Then they value is reduced to
reach -0.019Hz at 2sec. The frequency deviation for
battery is constant OHz at 5 to 50sec, then they value is
increase to 0.05Hz at 50sec.The frequency deviation for
battery is reduced to reach -0.012Hz at 52sec, then they
value is again increase to OHz at 55sec. The remaining
frequency deviation for battery value is constant at 55sec
to 100 sec. The proposed method frequency deviation for
battery value is -0.019Hz which is higher than other
existing methods like SCS, ALO and PSO methods.
Comparison of frequency deviation for PV with proposed
and existing method is shown in figl4. Subplot 14(b)
shows the proposed method frequency deviation for PV
value is initially started from OHz to O sec, and then they

increase to reach 2x107°Hz at 1 sec. Then they value is

reduced to reach -1x107°Hz at 2sec. The frequency
deviation for PV is constant OHz at 5 to 50sec, then they

value is increase to 7x10Hz at 50sec.The frequency

deviation for PV is reduced to reach -1x 107 Hz at 52sec,
then they value is again increase to OHz at 55sec. The
remaining frequency deviation for PV value is constant at
55sec to 100 sec. The proposed method frequency

deviation for PV value is -1x 10~* Hz which is higher than
other existing methods like SCS, ALO and PSO methods.
Comparison of frequency deviation for wind with proposed
and existing method is shown in fig 14. Subplot 14(c)
shows the proposed method frequency deviation for wind
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value is initially started from -3x10™ Hz to 0 sec, and
then they increase to reach OHz at 5 sec. The frequency
deviation for wind is constant O0Hz at 5 to 50sec, Then they

value is reduced to reach -12x10~* Hz at 50sec.the value

is increase to 0.5x107*Hz at 52sec.The frequency
deviation for wind is reduced to reach OHz at 55sec.The
remain frequency deviation for wind value is constant at
55sec to 100 sec. The proposed method frequency

deviation for PV value is 0.5x107* Hz which is higher

than other existing methods like SCS, ALO and PSO
methods.

w 0 0 ®
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Fig 12: Analysis the Errof of (a) battery (b) photovoltaic
(c) wind
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Fig 17: Comparison of proposed and existing methods Tie
line power for (a) Battery, (b) photovoltaic, (c) wind

Comparison of battery error with proposed and existing
method is shown in figl5. Subplot 15(a) shows the
proposed method of battery error value is initially started
from 0.5 to 0 sec, and then they value is constant O to
50sec.The battery error value is increase to reach 2.8 at 50
sec. The value is reduced to reach 2.6 at 52sec.The remain
Error value is constant at 55sec to 100 sec. the proposed
method error value is lesser than existing method. Subplot
15(b) shows the proposed method of photovoltaic error
value is initially started from 0.15 to O sec, and then they
value is constant 0 to 50sec.The PV error value is increase
to reach 0.74 at 50 sec. The value is reduced to reach 0.7 at
52sec.The remain Error value is constant at 55sec to 100
sec. the proposed method error value is lesser than existing
method. Subplot 15(c) shows the proposed method of wind
error value is initially started from -0.19 to 0 sec, and then
they value is constant 0 to 50sec.The wind error value is
decrease to reach -0.9 at 50 sec. Then they value increase
to reach -0.89 at 52sec.The remain wind error value is
constant at 55sec to 100 sec the proposed method error
value is lesser than existing method. Analysis the Tie line
power of battery and PV and wind is shows in fig 16.
Subplot 16(a) shows the Tie-line power of battery. Tie line
power of battery is initially started from OW at 0 sec then
they increase to reach at 0.012W at 1 sec. Tie line power of
battery is reduced to reach at -0.09W to 2sec.Then they
value is constant OW to 50sec. The Tie line power of
battery is again increase to reach 0.05W at 50sec,then they
value is decrease to reach 52W at -0.09sec.The value is
again increase to OW at 55sec.The remain Tie line power
of battery value is constant to OW at 55 to 100 sec. Subplot
16(b) shows Tie line power of photovoltaic. Tie line power
of PV is initially started from OW at O sec then they

increase to reach at 3x107°W at 1sec. Tie line power of

PV value is decrease to reach -0.9x107>W at 2 sec. The
value is constant in OW at 5sec to 50sec. The Tie line

power of PV is again increase to reach 13x107° W at
50sec, then they value is decrease to reach 52W at -2

x 107 sec. The value is again increase to OW at 55sec.The
remain Tie line power of PV value is constant to OW at 55
to 100 sec. Subplot 16(c) shows the Tie line power of
wind. Tie line power of wind is initially started from OW at
0 sec then they decrease to reach at -0.008W at 1sec.The
Tie line power of wind value is increase to reach 0.002W
at 5sec. The value is constant in OW at 5sec to 50sec. Tie
line power of wind is again decrease to reach -0.030W at
50sec, then they value is increase to 0.004W at 55sec.The
value is again decrease to OW at 55sec.The remain Tie line
power of wind value is constant to OW at 55sec to 100 sec.
Fig 17 portrays comparison of Tie line power battery with
proposed and existing method. Subplot 17(a) shows the
proposed method of tie line power battery value is initially
started from OW to O sec, and then they increase to reach 2

x10™* W at 1 sec. Then they value is reduced to reach -

0.09x10*W at 5sec. The tie line power battery is
constant OW at 5 to 50sec, then they value is increase to

6.5x10~" W at 50sec.The tie line power battery is reduced

to reach -0.06x10™* W at 52sec, then they value is again
increase to OW at 55sec. The remain Tie line power battery
value is constant OW at 55sec to 100 sec. The proposed
method frequency deviation for battery value is -0.06

x 10~ W which is higher than other existing methods like
SCS, ALO and PSO methods. Subplot 17(b) shows the
proposed method tie line power for photovoltaic value is
initially started from OW to O sec, and then they increase to

reach 4x1072W at 1 sec. Then they value is reduced to

reach -1x107°W at 2sec. The tie line power for PV is
constant OW at 5 to 50sec, then they value is increase to 12

x107°W at 50sec.The tie line power for PV is reduced to

reach -2x107°W at 52sec, then they value is again
increase to OW at 55sec. The remaining tie line power for
PV value is constant OW at 55sec to 100 sec. The proposed

method tie line power for PV value is -2x107*W which is
higher than other existing methods like SCS, ALO and
PSO methods. Subplot 17(c) shows the proposed method
of tie line power wind value is initially started from -
0.01W to 0 sec, and then they increase to reach OW at 5
sec. The tie line power wind is constant OW at 5 to 50sec,
Then they value is reduced to reach -0.03W at 50sec.the
value is increase to 0.005W at 52sec.The tie line power
wind is reduced to reach OHz at 55sec.The remain tie line
power wind value is constant OW at 55sec to 100 sec. The
proposed method tie line power for PV value is 0.005
which is higher than other existing methods like SCS,
ALO and PSO methods.
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6. Conclusion

This study suggests hybrid SCSO-SNN approach for LFC
of Modern interconnected Power System utilizing SCSO-
SNN approach. The SCSO-SNN technique demonstrates
the 2-area power system like solar and wind system. The
control strategy offers a stronger control than the available
techniques  while  maintaining  effective  transient
performance. The SCSO-SNN technique is evaluated in
the MATLAB/Simulink platform and contrasted with
different other methods already in use. Numerous
situations, including optimal and random scheduling and
an elaborate SCSO algorithm, are used to evaluate the
suggested technique. From the result, it is concluded that
the SCSO-SNN technique-based error is less compared to
existing techniques. The goal of the SCSO-SNN technique
is to control error and increase the efficiency. The
outcomes also demonstrate that the SCSO-SNN technique
performs notably best than the other optimization
techniques. The simulation result of SCSO-SNN technique
is validated under two cases, such as SCSO-SNN
technique performance under constant input and
performance of SCSO-SNN technique under constant
input. The proposed method is battery error value is 2.7%,
which is lower value compare with other existing methods.
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