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Abstract The demand for power and energy has been a global problem in the electricity sector for many years
while until now, the globally interconnected power systems have suffered from power losses in tie lines and
frequency fluctuations. In this paper, two types of controllers, Proportional Integral Derivative (PID) and Sliding
Mode Control (SMC), are proposed to overcome the problems in multi-area power systems where These
controllers are used to deal with the 5% step load disturbance imposed on the gas turbine output to experiment
with the robustness performance of the power system, particularly in turbo-electric propulsion systems and In
addition, Load Frequency Control (LFC) is compensated and performance has been improved for 4-zone power
systems during outages so finally This review also explores how cosmologically inspired algorithms affect
dynamical system control issues, offering a thorough list of control applications along with their inherent benefits

and drawbacks.
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I. INTRODUCTION

Harvesting energy from black holes on Earth is a
topic of great scientific and technological interest, as it
could offer a nearly unlimited and clean source of
energy. However, the process of extracting energy
from these extreme objects is not trivial and requires
sophisticated and precise methods [1,2] where One of
the most recent theories to achieve this goal was
proposed by physicists Luca Comisso and Felipe
Asenjo, who suggested that the magnetic field lines
surrounding rotating black holes could be cut and
reconnected, thus harnessing the kinetic energy of
space-time[3,4,5,6] while This mechanism would
accelerate plasma particles near the event horizon—the
limit beyond which nothing can escape the black hole's
gravitational pull—and cause some of them to exit
with negative energies, implying that they are draining
energy from the black hole as well as This theory is
based on previous work by other scientists, such as
Roger Penrose, Stephen Hawking, Roger Blandford,
and Roman Znajek, who proposed different ways to
extract energy from black holes through particle decay,
quantum emission, or electromagnetic
torque[7,8,9,10,11] so However, Comisso and
Asenjo's method has the advantage of being more
efficient and less dependent on environmental
conditions[12,13,14] in addition To apply this theory
in practice, artificial black holes created in Earth-based
laboratories would be required, something that has not
yet been achieved but could be possible in the future
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with technological advances [15,16,17]also
Furthermore, the magnetic field and plasma
surrounding the black hole would need to be controlled
to optimize the magnetic reconnection process and
maximize energy extraction moreover Harvesting
energy from black holes on Earth could have a major
impact on human development, as it could solve the
energy problem and contribute to climate change
mitigation [18,19,20]and However, it also poses
ethical, social, and environmental challenges that
should be considered before its implementation
[21,22].

II. METHOD
In this section, the theoretical background of the

methods used in this work was presented such as Load

Frequency Control (LFC), Sliding Mode Control

(SMC), Proportional Integral Derivative (PID), and

Black Hole Optimization (BHO). In addition, the

mathematical model of the four-area interconnected

system is included.

2.1. Load Frequency Control

a) Inorder to maintain equilibrium between reactive
and active powers, a variety of controller designs
have been proposed for the purpose of load
frequency regulation. As the loads vary, the
imbalance will cause a change in the frequency
levels. To this end, the implementation of a
control system is imperative to counteract the
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effects of random load variations and maintain
the frequency within the prescribed limits [23].
Problems with load frequency control (LFC),
which affected many of these interconnected
systems, were of utmost importance as well as
The operational objectives of the LFC encompass
the regulation of tie-line power fluctuations, the
maintenance of a relatively stable frequency, and
the distribution of the load across the generators
where The construction and analysis of a control
system involves the modelling of the system
using a mathematical model. Two common
approaches are the state variable strategy and the
transfer function technique. The state variable
method has the capacity to demonstrate both
nonlinear and linear systems. It is imperative to
note that the linearisation of the system precedes
the utilisation of linear state and transfer function
equations. The subsequent model of the transfer
function is created for the following elements by
linearising the system's mathematical equations

using the appropriate  hypotheses and
approximations [25]. The generators in a control
zone  eventually  adjust their  speeds

synchronously to keep the relative power angles
and the frequency to the predefined values in both
dynamic and static conditions. The two
fundamental objectives of Load Frequency
Control (LFC) are as follows [26]:

b) To control any differences in the power of tie-line
power between the controlled zones.

c¢) To maintain respectable time response
characteristics with a predetermined margin of
error.

d) To lessen the erratic flow of the power between
nearby related areas.

e) The two main aims of LFC are to maintain the

linked power system's real frequency and target
power production (megawatt).
2.2. Four Area Power System Mathematical Model

Iraqi Middle Area consists of four interconnected
gas-turbine power systems. Figure 2 shows the overall
diagram of a single area for a power system [27].

The Iraqi Middle Area power system consists of
four interconnected gas-turbine power systems, each
interconnected by  tie-lines. = The  system's
interconnected nature allows for the transmission of
electricity  across  designated regions  while
simultaneously ~ supplying customer bases. A
disturbance in one region can impact the output
frequencies of all areas and power at the tie-line. To
maintain steady frequency, the control system of each
area requires knowledge of the transient status of both
areas. Four distinct control actions are employed for
the four interconnected power systems to regulate
frequency. The initial coarse correction of frequency is
performed via the Proportional Integral Derivative
(PID) and Sliding Mode Control (SMC) controls.
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PID control is often considered the best technique
for controlling industrial processes, especially those
involving the LFC problem. SMC is a reliable,
accurate, and user-friendly control method for non-
linear systems impacted by unknown external
disturbances and parametric uncertainties. The SMC is
constructed to function on a specific surface, known as
a sliding surface, and uses the control law to maintain
the operating point close to the sliding surface.

Population separation is the foundation of Black
Hole Optimization (BH), an optimization technique
used to enhance parameters. A space-based entity with
a concentrated mass can enter and exit the universe, a
phenomenon known as the black hole. The process
begins by calculating a cost function for workable
solutions to an optimization problem, selecting the best
option each time. The Schwarzschild radius is the
event horizon's diameter, and the BH begins sucking
neighboring stars. Since the BH absorbs stars in its
local vicinity, the integral square error (ISE) is used as
a cost function to determine the radius of the event
horizon. The BHO has a simple construction, is easy to
design, and has no issues with parameter change. The
simulation findings demonstrate the influence of the
PID-BHO and SMC-BHO approaches on resolving tie-
line power variations and frequency fluctuations, as
well as frequency deviations in output signals for all
locations.

[Figure 1 about here.]

2.3. Uncontrolled system results

[Figure 2 about here.]
[Figure 3 about here.]
[Figure 4 about here.]

Figure 5 shows the frequency deviation of the third and
fourth areas using PID with EHO. Consequently, it is
shown that the AFs,4 are reduced to zero which means
the PID-EHO has controlled the frequency fluctuation
in both areas.

[Figure 5 about here.]

Figure 6 explains the power changes at both the first
and second areas tuned using PID and EHO.
Consequently, it can be seen that the APi» are
approached zero which means that the PID-EHO has
been controlled successfully.

[Figure 6 about here.]

Figure 7 presents the power changes in the third and
fourth areas. Consequently, it is shown that the
AP<sub>tie3,4</sub> are reduced to zero which
means that the PID-EHO has successfully controlled
the frequency fluctuation in both areas.
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[Figure 7 about here.]
Figure 8 shows the control actions that applied to both
the first and second areas. Moreover, it shows the
control signals that are applied in both the first and
second areas. It can be seen that the PID-EHO has
controlled the power change signals in the first 5 sec.

[Figure 8 about here.]

[Figure 9 about here.]

[Figure 10 about here.]

[Figure 11 about here.]

[Figure 12 about here.]

[Figure 13 about here.]

[Figure 14 about here.]

[Figure 15 about here.]

[Figure 16 about here.]

[Figure 17 about here.]

[Figure 18 about here.]

2.4. SMC-BHO
Function

results with Tan-hyperbolic
[Figure 19 about here.]
[Figure 20 about here.]
[Figure 21 about here.]
[Figure 22 about here.]
[Figure 23 about here.]
[Figure 24 about here.]
[Figure 25 about here.]
III. RESULT AND DISCUSSION
In this section, the results have been discussed in
detail using tables. The following table contains the
parameters of each area of the power system that is
listed by name.

[Table 1 about here.]

Where R is governor speed regulation and T; = Ty =
T, = T, for different types of turbines.
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Table 1 contains the parameters of the PID control
after applying the BHO method to tune them. In this
scenario, the parameters of the PIDs have been tuned
using the BHO method after it has been connected to
the MATLAB Simulink of the system.

Figure 26 contains the parameters of the SMC control
with sign function after applying the BHO method to
tune them. In the second scenario, the parameters are
tuned using the BHO method after it has been
implemented in the power system.

[Figure 26 about here.]
[Figure 27 about here.]

[Figure 28 about here.]

V. CONCLUSION

In this paper, two types of controllers have been
implemented (PID and SMC) in order to overcome the
power systems issues with frequency deviation and
power changes also The system under consideration
consists of four interconnected areas of turbine power
systems in addition to The efficacy of the proposed
controllers in addressing frequency deviation and
power changes within the system is evidenced by their
ability to overcome a 5% step load disturbance in the
first area and To address these challenges, the
interconnected system was subjected to three distinct
scenarios.
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Table 1. Results of the parameters of four areas power system

Area Type D H Tg T, R

1 Gas-turbine 0.8 6 0.1 0.6 0.04
2 Gas-turbine 0.8 6 0.1 0.6 0.04
3 Gas-turbine 0.8 6 0.1 0.6 0.04
4 Gas-turbine 0.8 6 0.1 0.6 0.04
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Figure 15. Estimate The control actions of the first and second areas after applying SMC-BHO
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Figure 16. Results The control actions of the third and fourth areas after applying SMC-BHO
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Figure 17. Outcome of the error convergence of SMC and BHO
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Figure 18. Results of The frequency changes of the first and second areas after applying PID-BHO
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Figure 22. Outcomes The control actions of the first and second areas after applying PID-BHO
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Figure 23. Rate of The control actions of the third and fourth areas after applying SMC-BHO
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Figure 24. Results of the error convergence of SMC and BHO
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Figure 25. Outcomes of study according to The parameters of PIDs using BHO
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Figure 26. Outcomes of study according to The parameters of SMCs with sign using BHO
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Figure 27. Outcomes of study according to The parameters of SMCs with tanh using BHO
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