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In order to ensure zero steady-state error in multi-area hybrid power systems, load
frequency control is implemented in the power system. However, variations in load due
to cyclic amplitude deviation create frequency fault leading to unscheduled tie-line
power. Hence a novelOperational Load Forecasting Approach is utilized in which
objective function in support vector regression predicts load demand and generation
based on temporalcharacteristicsand utilize parallel processing to tolerate the acceptable
error margin.Moreover, the uncertainties of active power generation in islanding mode
make the estimation of frequency response deviation under decentralized islanding
modes difficult. Hence a novelDifferential ControllerAlgorithm has been proposed in
which the sigmoidal range function determines the optimal amplitude value from
individual areasand the controller predicts the high load demand area that exceeds the
threshold limit and isolatesthat area until the deviation is rectified. Low tie-line power,
frequency, and settling time deviations were accomplished using the proposed
methodologies as they were simulated using the Simulink platform.

NOMENCLATURE

c loss function
£ insensitive loss function

o(f) objective function
C constant with load related constraints
& epsilon margin to prevent overfitting
L, linear insensitive loss function
h observed value

f(g) linear function of input values

u(ny) sigmoidal range function
u monotonic function
Ip proportional gain

T, andT ; | integral and derivative times

M first-order derivative filter divisor

1. INTRODUCTION

The utilisation of renewable energy to produce electricity is
currently one of the best accessible alternatives due to the
depletion of fossil fuel sources, rising pollution, and global
warming. [1,2]. Despite the various benefits of renewable
energy, there are issues with their stability that require careful
control, particularly with regard to microgrids. [3,4]. Since the
use of renewable energy is growing and RES use has risen
exponentially over the world, it is one of the most extensively
used inexpensive methods of energy production. The
sustainability of microgrids, on the other hand, has emerged as
one of the major issues facing the electrical sector. The
microgrid frequency shifts as a result of the production-
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demand imbalance, so that if the load decreases and output
increases, the generator tends to speed up and operate at a
higher frequency, and if the volume increases and production
declines, the generator tends to speed down and operate at a
higher frequency. As a result, the microgrid frequency can be
used as a gauge to maintain the true power balance. [5-7].

Unpredictable internal and external disruptions of load
generate an undesired mismatch between generation and load
demand, and load variations induce a variation of the system
operating frequency with interchange tie-line power flow from
their planned limits. [8]. In order to maintain system
performance indicators, such as area frequency and
interchange tie-line power, at their scheduled values, load
frequency control, often known as LFC, has been proposed as
a solution. [9-11]. For the efficient and secure functioning of
electrical power networks, LFC is undoubtedly one of the most
lucrative ancillary services. [12]. Its aim is to protect the
neighboring control areas' steady-state errors at zero while
rapidly reducing area frequency transient deviations and tie-
line power flow interchanges. [13]. It is becoming more and
more essential to fulfill this objective in the modern world
where many different types of energy producing units
contribute to overall electricity generation in order to provide
consumers with high-quality, eligible, and consistent electrical
power. [14].

If this frequency variation exceeds specified limits, it
immediately affects the operation and dependability of the
power system. Under normal circumstances, this frequency
deviation is low and manageable. [15]. Load frequency control
(LFC), which strikes a balance between load demand and
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generation, is used in producing stations to keep frequency in
a region within its designated range. [16]. Due to the fact that
the power system contains multiple generators connected by
tie lines to interchange power, it can withstand more loads and
malfunctions. [17]. Every time the load demand varies in a
connected power system, the frequency and tie-line power
exchange also change. As a result, the LFC problem in an
interconnected system becomes more difficult because in this
case, LFC is directly related to frequency maintenance and
minimising tie-line exchange error between different
generating units at scheduled values so that frequency variance
in each area is maintained and it is within its boundaries.
[18,19]. Consistent frequency and contractual energy
exchange between various areas is necessary for the efficient
running of the power system. [20]. The current methods,
however, result in frequency error under steady-state
conditions and unscheduled tie-line power under load-side
disturbances, nonlinearities, and system frequency deviations.
Also, increased diffusion of renewable resources, along with
filtering and line impedances, leads to active power production
in islanding mode to be unpredictable. Therefore, a technique
for performing load frequency regulation in a power system
must be developed.

Following are the paper's main contributions:

° Operational load forecasting approach is used in
which load is forecasted based on the objective function with
support vector regression.

° Parallel processing has been adapted for multi-area to
tolerate an acceptable error margin.
° Differential controller algorithm has been presented

to determine amplitude value from distinct areas and isolate
the area which exceeds threshold level until the deviation is
rectified.

In order to stabilize and reduce frequency error in the load
frequency control mechanism, this research maintains stable
frequency modulation and reduces centralised islanding
circumstances. Following is an overview of the paper's
content: The study is divided into five sections: section 1 is the
introduction; section 2 is related work; section 3 is novel
solutions; section 4 is implementation results and comparison;
and section 5 is the conclusion.

2. LITERATURE SURVEY

Shouran et al [21] in their paper suggested a Sliding Mode
Control (SMC) concept for Load Frequency Control (LFC) in
a two-area electrical power system. Depending on the
researched system's properties, the mathematical model design
for the SMC is generated. The Bees Algorithm (BA), an
optimization technique, is offered in this study as a means of
fine-tuning the SMC's parameters in order to accomplish the
proposed controller's best possible utilisation. By providing a
load disturbance of 0.2 pu in region one, the dynamic
performance of the power system with SMC applied for LFC
is investigated. To demonstrate the superiority of the proposed
controller, the outcomes are contrasted with those of recently
published works based on Fuzzy Logic Control (FLC) tuned
by Teaching-Learning-Based Optimization (TLBO) algorithm
and the conventional PID optimised by Lozi map-based
Chaotic Optimization Algorithm (LCOA). Further work is
needed to apply the suggested SMC design for LFC in systems
that use renewable energy sources and take some nonlinear
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factors like the Governor Deadband and the Generation Rate
Constraint (GRC) into consideration (GDB).

Javanmardi et al [22] in their work built a contraction
observer while taking attack mitigation into consideration
when designing a dynamic output feedback controller (DOFC)
for LFC in micro grids (MGs). Bilinear matrix inequalities
(BMls) are proposed as a new way of expressing the necessary
and sufficient conditions for the DOFC design problem, and
we aim to reduce the frequency deviation caused by variations
in load, solar, and wind energy. The suggested formulation
successfully transforms the issue into a new BMI model that
can be easily divided into two problems: one is a convex
optimization problem, and the remaining portion is a quadratic
matrix inequality problem that is linearized around the
possible solution of the Linear Matrix Inequality (LMI) part
by a Taylor-like expansion. Future research should take time-
delay and other LFC implementation concerns into account
while constructing the high-performance controller.

Celik et al [23] in their paper described the use of a cascade
controller with a fractionally ordered proportional integral and
derivative (FOPI-FOPD) for load frequency control (LFC) of
electrical power generating systems. The suggested controller
consists of fractionally ordered PI and PD controllers that are
connected in cascade, where the orders of the integrator (k)
and differentiator (1) are both possible. By reducing the
integral time absolute error (ITAE) of frequency and tie-line
power deviations, the gains and fractional order parameters of
the controller are simultaneously optimised using the
suggested dragonfly search algorithm (DSA). In addition,
plug-in electric vehicles (PEV) and High voltage direct current
(HVDC) links could be added to the examined models as
ancillary services in addition to and parallel to the current AC
tie-line.

Li et al [24] presented a data-based defence strategy. First,
the frequency is derived using the Cyber-Physical Model of
LFC. In order to recover missing measurements, a prediction
model based on the model is used in conjunction with a
hierarchical attention network. Then, rather than using
variable LFC techniques, the suggested method may identify
and mitigate the effects of DoS assaults by comparing and
replacing the data. Three different power generation systems
are then the subject of simulation trials. Future study will
employ dependable resistive DoS attacks even with subpar
samples.

Alayi et al [25] explored how a multi-source microgrid with
renewable energy sources behaved in terms of load frequency
control (LFC). The system's frequency needs to remain
consistent in order to provide a reliable power supply. In order
to manage the frequency of the microgrid in island mode, a
proportional-integral-derivative (PID) controller is proposed.
The performance metric employed is the integral of squared
time is multiplied by error squared (ISTES). When optimising
the nonlinear problem of load and frequency controller design,
the adoption of the Craziness-Based Particle Swarm
Optimization (CRPSO), an upgraded version of Particle
Swarm Optimization (PSO), speeds up convergence. To
achieve greater stability, it is necessary to switch the type of
controllers and apply metaheuristic algorithms.

Arya et al [26] introduced a hybrid fuzzy fractional-order
proportional integral-fractional order proportional derivative
(FFOPIFOPD) controller as an expert control approach for
handling AGC efficiently in separate and connected multi-area
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power systems. An invented imperialist competitive algorithm
(ICA) that uses the integral of squared error criterion is used
to maximise the output gains and other FFOPI-FOPD
controller parameters, such as the integrator and differentiator
order. To show the potential and extensibility of this method,
it is first applied to a single-area thermal system before being
enlarged to two-areca hydro-thermal and three-area thermal
power systems. In addition to the output SFs, this controller's
input SFs need to improve. Also, some optimization
approaches may be used to improve the controller.

From the survey, for [21] Future work is needed to
implement the suggested SMC design for LFC in systems that
use renewable energy sources and take some nonlinear factors
like the Governor Dead band and the Generation Rate
Constraint (GRC) into consideration (GDB). For [22] For
developing the high-performance controller, it is advised to
take time-delay and other LFC implementation concerns into
account [23]. Plug-in electric vehicles (PEV) and high voltage
direct current (HVDC) links could also be incorporated into
the examined models as an auxiliary service in addition to and
parallel with the current AC tie-line, for [24] Future study will
employ dependable resistive DoS attacks even with inferior
samples and [25] Metaheuristic methods must be used in
addition to different controller types for improved stability.
[26] to enhance the controller's performance, an optimization
technique is needed. Hence to overcome all the above-
mentioned issues a novel topology has to be implemented.

3. LOAD FREQUENCY CONTROL IN RENEWABLE
ENERGY PENETRATED HYBRID POWER SYSTEMS

In a power system, an LFC's duties include handling
nonlinearities in the case of several areas, preserving zero
steady-state error during frequency fluctuations in the system,
and avoiding load side disturbances. However, the overlying
variations to steady-state conditions with loads in terms of
cyclic amplitude deviation create frequency error leading to
unscheduled tie-line power.As a result, to achieve
environmental efficiency in multi-area hybrid renewable
energy penetration, It is necessary to have a decentralised load
management and forecasting system that is accurate.Hence a
novelOperational Load Forecasting Approach is adopted
where the load generation and demand for distinct
areasconcerning the intermittent characteristics are taken into
account using an objective function that corresponds to
forecasted load for the period of operation in non-islanding
condition with support vector regression based on temporal
dependence, tolerance adjustments for mistakes that exceed
the permissible error rate should be made when using parallel
processing and taking into account multiple areas.
Additionally, the decentralized RES power system
experiences line interruptions as a result of the increased
penetration level of renewable resources with filters and line
impedance. This instability in active power production results
from islanding mode.Due to this, the estimation of total power
flow deviation with other areas under decentralized islanding
modes becomes critical. Hence the frequency variation of the
microgrid is mitigated by adopting a novelDifferential
ControllerAlgorithm whichutilizes the steady-state conditions
of the generating sources, the overlying variations concerning
loads with the consideration of cyclic amplitude deviation of
the frequency response to determine the optimal value of
amplitude from the distinct areas using sigmoidal range
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functions. Whenever the predicted threshold limit gets
exceeded the controller predicts the maximum load demand
area from the forecast and it is isolated from the system until
the deviation is nullifiedand thereby maintaining stable
frequency modulation and mitigating centralized islanding
conditions.
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Figure 1: Architecture of proposed system

LB ]

Differential
controller 1

| 5
Pg
i %] ®)
| Operational Load Forecasting Approach
Differential + o
(Z controller 2 Z
B Api2(S)
1
R
B,
| | +
Po F@
s e
‘ Operational Load Forecasting Approach | -

Load 3 '—

+
) Differential |+
@ controller 3 |

Api(S
@ Pi3(S)
L8|
Figure 2: Proposed multi-area Load Frequency Control
System

Figure 2 depicts proposed multi-area LFC system. Load
frequency control in renewable energy penetrated hybrid
power systemsconsists of several controller units, turbines and
governorwith speed limiter and biasing module which are
connected with the help of tie lines and the unscheduled tie-
line power is regulated through operational load forecasting
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approach and the differential controller in multi-area system
perform well in islanding mode by separating high load
demand area from the system.Thus the implementation of the
controller controls the load frequency deviation of renewable
energy resources of a multi-area integrated microgrid power
system with mitigated load side disturbances, nonlinearities
with scheduled tie-line power, and mitigating centralized
islanding conditions.

3.1 Operational Load Forecasting Approach

Operating an islanded microgrid is difficult since renewable
energy production is sporadic. They introduce uncertainty into
the output voltage and frequency control. As a result, in order
to achieve eco-efficiency in multi-area hybrid renewable
energy penetration, it is necessary to have an accurate load
forecasting and load management system with a decentralised
character. Therefore, a novel operational load forecasting
approach is used, adopting three area load frequency control
with hybrid renewable energy sources such as electric vehicle,
solar cell, and wind energy. Operational Load Forecasting
Approach removes the unscheduled tie-line power and is
tolerable for acceptable error margin by the consideration of
discontinuous characteristics of load and period when the load
is predicted. This approach avoids load-side disturbances and
frequency deviation in non-isolating conditions. The objective
function is typically calculated as the sum of frequency
deviations in system segments with acceptable balancing
factors in frequency control problems involving power
systems. To achieve the control goal, the objective function is
used to reduce microgrid frequency deviation.

Input Layer with Load
demand and generation

characteristics Hidden layer with kernel

functions

Output with predicted
| forecasted load for

Operation

Figure 3: Support Vector Regression based load forecasting

The regression function in the regression analysisfor load
forecasting is based on the restricted observation data.
Therefore, to calculate the power system's dynamic frequency
following a disruption, support vector regression (SVR) is
being used.The Support vector regression model takes the
inputs related to loading and the input layer process the
recurrent characteristics of load demand and load generation
input vector form. Then, these input vectors are converted into
support vectors and the hidden layer uses a kernel function to
process the input support vectors of load characteristics by
utilizing weights and objective function to provide load
deviation prediction output based on forecasted time details.

Consider a set of training data (g, hy) obey the
probability distribution P(g,h)(g € R™,h € R). SVR find
real-valued function f(g) = p *@(g;) +a to fit training
points by making,
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R(f) = [ c(g,h,f)dP(g,h)
where, c is the loss function
For unknown values of P(g, h) and R(f"), the minimization
of P(g, h) and R(f) are considered which is given by,
E(p) =5 (p.p) + C= X1k — (g0l
2
where, |h; — f(g)le = max{0, |h; — f(gi)l, €} is the e-
insensitive loss function
The objective function in the support vector regression
considers the load demand, load generation to provide load
forecasting based on temporal dependence. The objective
function employed in Support vector regression to provide
acceptable frequency error margin is given by,
0(f) = ;a'a+C I, (e + )
where,
O(f) is the objective function
C is the constant with load related constraints
&; 1s the epsilon margin to prevent overfitting
The linear e-insensitive loss function treats deviations that
are within a certain distance of the observed valueas zero and
ignores them. The distance between the observed value h and
the eboundary is used to calculate the loss. This is properly
defined as follows:

0
Le _{Ih—f(g)l —e

(M

3)

iflh—=f(@Pl<e
otherwise “)

where,

l, is the linear insensitive loss function

h is observed value

f(g) is a linear function of input values

The prediction of operational load forecasting based on load
demand, load generation, and temporal dependence using an
objective function in support vector machine has been made,
and thereby proper prediction of load frequency level is
predicted and this prediction is done for multiple areas in the
load frequency control system using parallel processing in
which multiple different forms of information are processed at
the same time. Thereby, made the system tolerant for an
acceptable range of frequency errors and offer load- and
temporal dependence-based prediction while fine-tuning the
tolerance for errors that surpass that acceptable error
rate.However, a stable power output is not maintained by
Operational Load Forecasting Approach since the next
subsection is adopted to provide stable power output with the
mitigation of centralized islanding conditions.

3.2 Differential Controller Algorithm

Prediction of load demand and generation during
forecasting while regulating the errors outside acceptable
levelshas been done in the load forecasting approach. The
frequency variation of the micro grid is reduced by utilising a
special Differential Controller Algorithm since it is crucial to
maintain a constant power output after the forecast.This
algorithm considers the steady-state condition and overload
condition of the generating sources and determinesthe
variation of frequency response from steady-state to overload
condition based on cyclic amplitude deviation.



Indrajit Koley, Asim Datta, Goutam Kumar Panda /J. New Mat. Electrochem. Systems

+
N Sigmoidal Differential Threshold
Range function ™| Control [~ Prediction | >
Input Output
frequenc; stable
response frequency
signal response

signal

Figure 4: Differential control with sigmoidal function based
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Sigmoidal range functions are used to determine the optimal
value of cyclic amplitude in frequency response from
individual areas. Because its range (0, 1) and domain are the
set of all real numbers, the sigmoid function is often referred
to as a squashing function. Any integer between — oo and +oo
is the same.The sigmoid function is applied to the input data
during the sigmoid activation procedure. Thesigmoidal range
function is given by,

uny) = —5 ®)

In which n > Oby specifying the derivative in the
formu’ (ny) = nu(1 — ) > Oas a result, u is a monotonic
function that increases gradually.The slope amplitude of the
function at the origin is determined by the value of n, which
can convert the functional behaviour from a gradually
increasing transition (n—0) to a unit step function(n—). By
modifying the slope of the sigmoid at the zero control point,
the variable parameter n enables changing the amplitude rise
and decay characteristics of the sigmoid range function. Thus,
in a multi-area system, the input frequency response signal is
used to calculate the ideal value of the cyclic amplitude using
the sigmoidal range function.

The differential controller gets the determined optimal
amplitude value in distinct areas from sigmoidal range
functions. The differential controllerin standard form with its
derivative filter is given by,

D. =g, (1 tost

where,g,, is proportional gain

T, andT fare integral and derivative times

M is a first-order derivative filter divisor

To build a legitimate differential controller in standard
form, filter divisor and integral timesmust be real as well as
positive, and also proportional gain and derivative time must
be non-negative, real, and finite.

The equation (6) can be rewritten in an equivalent
expression that contains two integrators which are given by,

_ 1 Ty
D = g, (1 +-1(2) + %w(z)) (7)

where, I (Z) and D (Z) are the discrete integrator
formulas for the integrator and derivative filter.

Ts
1Z)=D(2) = =,
pole.

The threshold prediction module in the differential
controller predicts the area with maximum load demand above
the threshold limit and isolates that particular area until the
load demand attains the threshold limit. Hence, the differential
controller performs well in isolation conditions.

TfS

(6)

Te
ﬁS‘Fl

thereby providing a stable derivative
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The following are the steps that make up the Differential
Controller Algorithm:

1. Assume steady-state conditions for the generating source
response signal.

2.Compare variation in steady-state condition with overload
condition.

3. Determine cyclic amplitude
frequency response signal.

4. Calculate frequency response optimal amplitude value
using sigmoidal range function.

5. If the threshold value exceedsthe permissive level, the
controller determinesthe area with maximum load demand.

6. Controller decides to isolate the maximum load demand
area based on threshold prediction.

7. When the maximum load demand area reachesa threshold
level, the controller will include that area.

Overall, two main strategies to control the load frequency
deviation of a multi-area integrated microgrid power system
with stable frequency modulation and mitigating centralised
islanding state are used in renewable energy penetrating
hybrid power systems.Operational load forecasting approach
utilizes the objective function of support vector regression to
predict forecasting load demand and generation and makes
frequency deviation at an acceptable level. Then, the
Differential controller algorithm determinesthe amplitude
deviation of response signals using the sigmoidal range
function and isolates the area with high load demand. The
outcomes of load frequency control in hybrid power systems

deviation of source
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that incorporate renewable energy are explained in depth in the
next section.

4. RESULT AND DISCUSSION

This part includes a comparison section to make sure the
suggested system functions as promised, along with a full
discussion of the implementation results and the proposed
system's performance.

4.1 Experimental Setup

The following system specification was used to implement
this study in the MATLAB/SIMULINK working platform,
and the simulation results are given below.

OS : Windows 7

Processor : 64-bit Intel processor
RAM : 8 GB RAM
Platform : MATLAB/SIMULINK

4.2 Results Obtained from Proposed LFC in Renewable
Energy Penetrated Hybrid Power Systems

Figure 6 illustrates the simulated performance of a multi-
area LFC hybrid power system. An electric car, a solar cell,
and a wind area are three of the renewable energy sources that
are connected in a hybrid power system between three areas in
the simulated output using a tie-line. Support vector regression
module is included in multi-area LFC hybrid power system to
provide accurate load forecasting and load management
system using objective function and temporal dependence
characteristics. Differential controller module predicts and
isolates the high load demand area using sigmoidal range
functions to provide stabilized frequency modulation.
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Figure 6: Simulated output of multi-area LFC hybrid power
system

Figure 7 demonstrates the simulated performance of a
single-area LFC hybrid power system. In a single area,
differential controller module, generator module, and turbine
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module are included with the load. To regulate frequency
deviation and predict proper load forecasting in transmission
lines, Operational load forecasting approach has been used.
Differential controller in the single area regulate frequency
response and isolate that area when more load demand is
predicted.

deiTades

firt ddell
.b Dase . )
it
£ [

@

H Dm H

o3 g

et

Figure 7: Single-area LFC hybrid power system's simulated

output
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Figure 8: The proposed system's tie-line power

Figure 8 demonstrates the proposed system's tie-line power.
The proposed technology keeps the tie-line power constant at
0.024 during a time range of 0.001 to 2 seconds. Implementing
an operational load forecasting technique that manages
forecasting load with a tolerable degree of error using support
vector regression-based prediction, the suggested system's tie-
line power is kept at an appropriate level.
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0.2 04 06

Figure 9: The system's planned control signal

The system's planned control signal is shown in figure 9.
The control signal is achieved in a time range from 0.1 to 2
seconds in a constant level as depicted in figure 9. The control
signal is provided by Differential controller algorithm in
which the differential controller predictsan area that requires
more load demand based on threshold limit using the
sigmoidal range function.
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Figure 10 shows an evaluation of the proposed system's
proposed system's objective function against existing
methods. An objective function of the proposed system is 0.01
at 100 iterations whereas the objective function of FOPID [27],
TID [27], and PID [27] are 0.012, 0.012, and 0.013
respectively at 100 iterations. While PID has a high goal
function, the proposed system has a low one. The objective
function is minimized using support vector regression based
quick prediction of load forecasting characteristics.
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Figure 11: Tie-line power deviation comparison

Figure 11 compares the suggested work's tie-line power
deviation to that of earlier techniques such as FOPID [28], TID
[28], and PID [28]. In comparison to FOPID, the suggested
system's tie-line power deviation is 0.002 pu[28], TID [28],
and PID [28] are 0.008 pu, 0.006 pu, and 0.006 pu
respectively. The proposed work has a low tie-line power
deviation of 0.002 pu because the operational load forecasting
approach removes unanticipated tie-lines by accurately
estimating load demand over a certain time period in parallel.
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Figure 12: Comparison of frequency deviation

The frequency deviation for the load frequency control in
renewable energy penetrated hybrid power systemsis shown in
Figure.12. Frequency deviation was compared to existing
models such as FOPID [29], TID [29], and PID [29] as shown
in figure.11. It is clear from the graph that frequency
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deviationis minimized in the proposed than other techniques.
The frequency deviation of the proposed system is 0.0042Hz
whereas the frequency deviation of FOPID [29], TID [29], and
PID [29] are 0.0491Hz, 0.0056Hz, and 0.0165Hzrespectively.
Frequency deviation is minimized in operational load
forecasting approach which regulates error margin to tolerable
level using support vector regression.

Figure 13 compares the proposed system's overshoot to that
of existing methods. The overshoot of the proposed system is
0.035 whereas the overshoot of PID [30], fuzzy [30], ANN
[30], and ANFIS [30] are 0.049, 0.71,0.045, and 0.44
respectively. Overshootof the proposed system is low whereas
overshoot of fuzzy techniqueis high. Overshoot is reduced by
differential controller algorithm which eliminate overlying
fluctuations to steady state conditions with loads by measuring
optimal cyclic amplitude value.
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Figure 13: Comparison of overshoot
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Figure 14: Comparison of setting time

Figure 14 depicts a comparison of the setting time of the
proposed system with existing techniques. The setting time of
the proposed system is 7.25 seconds whereas the setting time
of PID [30], fuzzy [30], ANN [30], and ANFIS [30]are 26 s,
135,17 s, and 15 s respectively. The setting time of a proposed
system is low whereas the setting time of PID is high. Settling
time of proposed work is reduced using operational load
forecasting approach and differential controller algorithm in
which load demand of multi-area system is predicted quickly
and high load demand area is isolated based on threshold level
using sigmoidal range function.

Overall the proposed system outperforms the existing
techniques such as FOPID, TID, , PID,fuzzy, ANN, and
ANFIS with objective function of 0.01, low tie-line power
deviation of 0.002 pu, low frequency deviation of 0.0042Hz,
low overshoot of 0.035and lowsetting time of 7.25 seconds.
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5. CONCLUSION

In this research, load frequency control in renewable energy
penetrated hybrid power systems has been proposed which
predict load forecasting using Operational load forecasting
approach based on temporal characteristics using objective
function in support vector regression with acceptable
frequency deviation and the power is stabilized by isolating
areas that require more power based on threshold limit using
differential controller algorithm in which amplitude deviation
was predicted through sigmoidal range function.The proposed
system achieved the stabilized tie-line power of 0.024 and low
settling time of 7.25 seconds. The proposed load frequency
control in renewable energy penetrated hybrid power systems
outperforms all other existing techniques with low objective
function of 0.01, low-frequency deviation of 0.0042, low tie-
line power deviation of 0.002, and low overshoot of 0.035.
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