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Abstract: A Controller is generally considered as a
continuous and discrete mode of execution by a huge sample
period that may result in degenerated dynamic performance or
system instability. Nowadays, the maximum penetration in
thermal, wind, hydropower systems has decreased the power
system inertia that leads to rapid frequency response and higher
frequency deviation followed by contingencies and requires rapid
load frequency control. The goal of load frequency control
(LFC) is to achieve zero steady-state errors in frequency
deviations and minimize unscheduled tie-line power flows among
the interconnected areas. The study of the literature reveals that
a lot of research has been carried out in this area to achieve the
desired objectives using different approaches. This manuscript
proposes an optimization algorithm called Duelist Optimization
Algorithm (DOA) in a three area interconnected power system
consisting of thermal, wind, and hydro generating systems. The
proposed system introduces an adaptive PID fuzzy controller
whose parameters are optimized by the DOA algorithm. The
Duelist Optimization algorithm is used to optimally tune the
parameters of the controller in order to keep the system
frequency deviation within the threshold limit, and maintain the
power balance among the control areas during load variations.
The proposed method is smulated in MATLAB / Simulink
environment for the estimation of its performance and then
compared with some of the existing techniques such as Artificial
Bee Colony (ABC) optimization algorithm, Bacteria Foraging
Optimization (BFO), and Particle Swarm Optimization (PSO)
algorithm. The simulation result established the suprerioty of the
proposed method over the other methods.

Keywords: Frequency Deviation, Duelist Optimization, Lfc,
Adaptive Pid Fuzzy Controller, Wind Area, Thermal Area, Hydro
Area.

l. INTRODUCTION

In the present world, with the increase in electric

utility capacity, the number of power system
interconnections is also increasing, which gives rise to a
much more complex power system network.
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Thus controlling the power system parameters has become
an important aspect [1].

Therefore, the whole system is grouped into smaller control
areas, and all these control areas are linked together using
tie lines. In an area, the power capacity depends on its
synchronous generator ratings [2]. For achieving stable and
satisfactory system performance, the LFC of interrelated
power systems plays an important role, while the system is
affected by any issues like step load disturbances (SLPs)
that are produced by any frequency change [3]. Operation of
system and stability is affected by LFC control [4,5]. To
overcome the issues of interconnected power systems, many
control techniques like classical control, adaptive control,
optimal control, robust control, etc., are introduced [6-7].
Commonly the artificial intelligence controllers are
characterized by a long training period and a difficult
structure [8]. Moreover, controllers like H,, controllers,
slide mode controllers are also used to solve the problems of
LFC in an interconnected power system which shows
robustness against parametric uncertanities. These
controllers aso have some limitations, such as long
calculation time and complex procedures [9]. Therefore for
solving the issues of interconnected power systems,
conventional optimization techniques are found suitable, but
it has several drawbacks such as initial condition
dependency multiple peaks of the non-linear system [10].
Hence to overcome these drawbacks the meta-heuristic
optimization techniques like particle swarm optimization,
whale optimization algorithm (WOA), genetic algorithm
(GA), artificial bee colony agorithm, firefly algorithm
(FA), cuckoo search algorithm, harmony search algorithm,
water cycle algorithm, grey wolf optimization algorithm,
etc. are introduced [11] to solve the problems associated
with LFC. In addition to these quasi-oppositional harmony
search algorithms (QOHS), differentia algorithm (DE) [12-
16], dap swarm agorithm (SSA), and symbiotic organisms
search algorithms are the other meta-heuristic optimization
algorithms that are used for solving LFC problems of
interconnected power systems [17]. In recent years
computational evolutionary and soft computing-based
algorithms are being introduced to address the problem of
interconnected power systems [18-20]. This paper proposes
an optimization algorithm called the duelist optimization
algorithm for fine-tuning the parameters of an adaptive PID
fuzzy logic controller in a multi-area hybrid interconnected
power system consisting of renewable sources and
considering system nonlinearities. An adaptive PID fuzzy
controller isused commonly because of its minimal cost and
high margin of stability.
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The objective of this manuscript is to ensure and
analyze the robustness of the proposed controller based on
duel optimization agorithm (DOA) and to improve the
frequency deviation performance and the tie-line power
exchange during a disturbance in the system. The entire
manuscript is structured as.  Section Il gives a brief
literature review of recent work, Section Il describes the
system modeling and design analysis, Section 1V
demonstrates the proper controller design, Section V
explains the proposed optimization method, Section VI
contains the simulations results that are obtained by
comparing the proposed DOA tuned adaptive PID fuzzy
controller with others methods and at last, section VII
concludes the manuscript.

. BACKGROUND OF THE RESEARCH WORK

The study of the literature shows that the power
system performance depends not only on the method
employed or the controller structure but also on objective
function selection. Optima functioning of the system
together with robustness against the parameter change is the
most significant and mandatory action of the control pattern
in the power system. In addition, data drop reasons with
communication failure may be converted to a time-varying
equivalent system not assumed under bibliography till now
[21-25]. System performance is affected by time delay, the
dead band generation rate of coupling governor under
power system LFC.

Recently, many optimization algorithms like SSA, FA,
WOA, Grasshopper Optimization Algorithm (GOA),
cuckoo optimization  agorithm  (COA), butterfly
optimization algorithm (BOA), constrained population
external optimization (CPEO) are employed to LFC control
issue of an interconnected power system. SSA is used for
the wide search space problems and better convergence
acceleration, but it has some demerits such as probability
distribution changes by generation, suffering from
premature convergence, and no theoretical convergence
frame.

FA is good and efficient to control the problem, and it
requires small iteration, but it has a great probability of
being trapped under local optima since they are loca
search algorithms. WOA provides control parameters, easy
computation, and a strong capability for searching optimal
solutions. Though, WOA has the drawback of slow
convergence speed. GOA implies a state-of-art population-
depend meta-heuristic algorithm used for solving numerous
optimization issues under an LFC power system with good
performance, but it has some demerits such as the origina
linear convergence parameter creating the exploration and
exploitation process imbalanced, unstable convergence
speed.

COA isused for solving LFC problems optimally; it is
based on fewer parameters and is robust. It consists of
Levi's flight trait that improves their global search
capability. It is simple to combine with other algorithms,
which shows great versatility. But the system performance
enhancement and processing of a few links at rest require
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continuous optimization; the convergence rate is pretentious
through Levi's flight and can be a bit dower. BOA has fast
convergence rates, and hence the probability of falling in
local optima is reduced. Although it has high accuracy, it
has some limitations also such as poor exploitation ability,
premature convergence to a local optimum. Under this
work, some control methods are exhibited to solve the LFC
problem; also, the computational drawbacks mentioned
above have inspired to carry out this investigation.

. SYSTEM MODELING

In this paper, a three-area interconnected hybrid
renewable non-linear power system is considered. The three
areas consist of a thermal, wind, and hydro system. Fig.1
displays the block diagram of the three-area renewable
hybrid non-linear power system. Area 1 has a thermad
superheat system run by a governor with a governor dead
band (GDB), generation rate constraint (GRC)
nonlinearities, and area 2 consists of a turbine with a filter
and a wind energy conversion system (WECS), and area
three consists of a hydro system with a (GRC) [26-28].

A. Thermal Power System Modeling

The Therma power system comprises a generator,
reheater, and turbine. The temperature and pressure of the
high units are converted into mechanical energy through the
turbine and generator of the thermal power system [29].

The total magnitude of sustained speed change inside
the system is called the governor dead band; therefore, the
valve position does not change. Dynamic performance of
load frequency control system pretentious through speed
regulator due to its non-linearity. The nonlinearity is
articulated as

y=f(x%) 1)

The transfer function of the governor is

K

H(g)=—"
(9).Tgs+1 @)

The transfer function of the reheater is

K.Ts+1
H(h)=—""—=
() T,s+1 ®

The transfer function of steam turbineis

_Kt
CTs+1

H (t) C)
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Fig.1. Three areas Thermal-Wind-Hydro power system transfer function model

B. Wind Power System Where, ais the turbine blade area, D, is the air density,
Commonly WT generated power is affected by
wind speed directly.
The speed of the wind power is considered to be
the sum of base ramp wind speed [30], gust wind speed as  In @ wind area, a 35 MW wind power capacity system is

well as rapid change wind speed, noise wind speed. Speed  interconnected, and the wind turbineis utilized for removing
of the wind speed is determined by, wind power from wind. Assume wind power is constant in

the transfer function of wind speed. WECS second-order
dynamics is achieved through the correct selection of

P, isthe pitch value V,, isthe wind velocity.

Vi =Vip Vg +Vir +Vin (5 frequency, damping factor. Two poles and WECS zero
transfer function is given by:
The wind turbine generated power is described,
K (Ts+]) .
1 Pt =
P= E,OaaDvas (6) (T§S+ 1)(TPtS+1)
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C. Modeling of Hydro Unit

The hydropower plant is fitted by an appropriate
electric governor and supplies greater performance than a
mechanical governor. Kinetic energy stored under
hydropower plant is turned as electricity by the support of
hydro turbine and generator [31].

D. Modédling of Tie-Lineand Control of Tieline
Power transfer equation viathetieline[32],

The transfer equation of power is given by
R, = M|)[:é| Sin(¢1 _¢2) 8

Here, V, V, denotes terminal voltages, ¢, @, are the power

angle of voltage, Xisthetieline reactance. Consider that the
power istransferred from area 1 to 2

R, = Msm(@ - ¢2) 9)

2

At normal operation, power in tie-line is derived as shown
below

2H,

[AP,(S) ~ AP4(S) - AP, ()] = = sAf, (5) + bAf, (9)
f
(11
2H 1
= f—olAfl(S)bl|:ES+1:| (12)
2H .b.
fle _ Ki (13)
[o] pl
1
—=t (14)

Where, Db, is the frequency bias of areal, K, is the
proportional gain of area 1, AP, (S) is the real power load

change, AP, (S) isthe torque change power.

AT (9) = 0,,(9)[ARL(S) — AP, (S) — AR, (S)] (15)
K

9pa(8) = S"tlpl (16)

APlz = A|:>21 = A|:>31 17)

Where AR, (S) is the net surplus power of area 1, AR,
implies power change from area 1 to 2, APZlimpIies power
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Here, X,,denotes reactance of tieline from area1to 2.
Transfer of power is in a positive direction. If small
deviation under angles and tie-line power implies change by
a small amount. When power is transferred from area 1 to
area 2 with frequency deviation, then a change of power is
provided

21°

AR,(s) = s

(Af,(S) — Af,(S)) (10)

Where, Af,(S)is the change of frequency in the first area,

Af,(S)is the change of frequency in the second area, t°is

the torque of the generator. Fig.2 shows the tie-line power of
areas1and 2.

)

+ 2 AP,

»| 2pie ty —— 1/s
AR ()

Fig.2. Tielinefunction of areas1 and 2

change from area 2 to 1, and AP, implies power change

fromarea3to 1.

Because of the turbine controller action, the
generator increases the net output power. The system
absorbs the net output power. In tie-line power flow, the
steady-state error in frequency is eliminated through tie-line
bias control. For the prevention of net interchange of power,

the frequency control of each area must contribute. Leta,

Q,,, and a_; implies area control errors of area 1, area 2,
and area 3, respectively.
8y = AR, + AT,

(18)
a, = AR, + bAf, (19)
8 = AR, +BAf, (20)

Where b implies area 1 frequency bias constant, b, implies
area 2 frequency bias constant, and b, indicates area 3

frequency bias constant. Now APr1, APrp, and APr; are mode
integral of ACE 1, ACE 2and ACE 3 respectively.

t
APy, = —K, [ (AR, +bAf,)dt 21)
0
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t
AP, =K, [ (AP, +B,Af, )dt 22
0
1
APr, = K[ (AR + b,AR;)dt (239)
0
AR, =AR 1,AR, =AR ;AR = AR, (24)
AP,
Hence — = = L = —— =Congtant (25)
AFgi,Z t21
AR, =AR;, =AR; ;=0 (26)
APr =APr, = APry,Af, = Af, =Af; =0 (27)

The power and frequency of the tie line of every area
become zero in steady-state circumstances. Integration of
control area error under feedback loops of every areais used
to achieve the steady-state.

V. CONTROLLER SYSTEM

During the load disturbance, the system response
produces damping oscillation and steady-state error. To
overcome this issue, a controller is introduced in the
feedback control system, which reduces the error signal and
provides the best control action.

In the beginning, the controller under the feedback
control system changes the error signal and gives the best

International Journal of Engineering and Advanced Technology (IJEAT)
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control action [33]. Moreover, a controller is employed to
change the transient response and steady-state operation of
the system. In this manuscript, an adaptive Pl fuzzy
controller is proposed to modify the error signal and to
improve the system loop gain.

The controller improves overall system performance,
and the integral controller decreases the steady-state error.

A. Adaptive Fuzzy PID (AFPID) Control

A fuzzy logic controller (FLC) consists of predefined
control rules on which the knowledge and experience of the
investigation are based. The input of the fuzzy is processed,
and the output is the t linguistic variables of membership
function (MF) that is prearranged in FLC. It depends on the
scaling factor and the parameter selection of the FLC
controller. The unbounded effect of the control action, the
scaling factor tuning is an important aspect. FLC
membership function is the error and error change as input
to output FLC mapping uses a minimum number of if-then
rules. The static values of the scaling factor and membership
function do not satisfy the control action. Hence to
overcome the issue, adaptive control is used in the LFC
[34]. An adaptive controller generally provides two types of
control action, such as self-adjust regulators and model
reference control systems. For less sensitive parameter
uncertainties in several operating and environmenta
conditions, the adaptive controller controls the system.
Fuzzy-dependent adaptive PID controller design has been
assumed in this manuscript. In the proposed technique, an
adaptive PID and FLC (AFPID) is employed for controlling
the process optimally depending on "e" and "Ae". Fig.3
shows the proposed AFPID controller schematic diagram.

.-

Scaling F K
Ac . Uzzy + u
i factor Logic >
Controller Derivative filter™
coefficient
D d/dt
Derivative Derivative
ain
& 1/s
Filter

Fig.3. The Proposed AFPID controller

(28)

i = Tla ¥ + (auprk, b

Here, T, implies the maximal simulation time, Af is the
frequency deviation AU indicates the controller output, K
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denotes the constant scaling factor. Constant factors give the
control in both control areas for equal weight.
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OPTIMIZATION USING DUELIST ALGORITHM

The fight between two persons or among a group of
persons with one another can be termed as duel. Normally,
the fighting requires intellectual as well as physical potency
and skill for better performance. For example, the game of
chess needs more intellectual potency than physical. The
widespread form of duel that comprises the physical potency
is boxing; boxing is a well-known sport where two persons
are required to thump down each other pertaining to some
regulations. Each duel contains the loser and winner as well
astheregulations.

Based on the skill, potency, and luck the competitors can
become the champion. After the match, knowing the
abilities of the loser and the winner are also very helpful.
The loser can learn from the champion and the champion
can develop the ability and expertise from the loser. In the
proposed calculation, every duelist performs likewise to be
phenomenal, via updating themselves whether by gaining
from their riva or building up another method or expertise
[35]. The Duelist Algorithm (DA) denotes a new stochastic
optimization algorithm that is motivated by human learning
potentials and fighting. In DA, the population character is
well-known as a duelist.

For finding out the loser, winner, and champion, the duelist
will fight among each other. The consequence of the
combat, either lose or win will verify what type of action
will be carried viathe duelist.

A. Step by Step Process of Duelist Optimization
Algorithm for Solving LFC Problem

Sep 1: Initialization

Initislize the state vector A=[x,X,, x] .
disturbance vector B=[X1,X2, Xn] , and control
vector D = [d,,d,,

power system.

d,] of the interconnected

Step 2: Random Generation
Initialize the Duelist optimization

X, for i=123,...,n . In the proposed work, system

data gain parameterst K, are taken as inputs which are

generated arbitrarily by following matrix B:

K;l(t)Ky(t) Kf(t)K;Z(t) K;”(t)K;“(t)
o | KEOKEO KEOKZO - kpOx2o | @
KEOKEO KEFOKED . KPOKEE)

Sep 3: Fitness Function
Depending on the initial position values, the fitness of each
area frequency is computed, which are as follows,

LIKOK) KROKEZE) ..
e | RIKFOKEE) KFEOKEE) . KT OKE ()]

. =

fn[(.K g“l(t)K““(tj sz(th mz(tj

P P P
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The objective function is represented in an optimization
problem by minimizing frequency deviation by optimal
tuning of the adaptive controller using duelist optimization.
The objective function

j= J't(]Af1|+|Af2| +|Af, |+ |AR | )it (31
o

Obj F, =Min K, , K,
Af Implies frequency change and AP, implies tie power
change

Sep 4: Registration
In this step, every duelist isregistered by abinary array that
isalso called a skill set under DA.

Sep 5:Pre-Qualification

In the pre-qualification testing, the power system depends
on frequency, and measures are taken that depend on the
skill set on which it was determined.

Sep 6: Determination of Board of Champions

The best value is taken from the pre-qualification depending
on the fitness function, and others are trained to depend on
its abilities. Novel duelists by equal capability are joined in
the vector.

Sep 7: Duel between each duelist

For every duelist, the fighting game is arbitrarily set. The
winner and loser of each match are resolute from duelist
abilities and luck. Duelist luck is purely determined through
random functions. This should be kept away from local
optimization.

Initialize the control

parameters Is met the

terminal
criteria

Generate the duelist
randomly by using
objective function

R
(Compute the Fnes |
Compute the Fitness
function

\

Y

Measures the
frequency value using
pre set value

A

Eliminate some of
worst duelists

A

Update the best values

A

Determine stability and
frequency deviated area

Find the best duelist
using fitness

Set game between
best randomly

@
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Champion

Winner (Stable
system)

Loser (Frequency
deviation)

Worst duelist (Error)
(b)

Fig.4. Duelist Optimization Algorithm (a) Flow chart (b)
Classification

Sep 8: Improvement by Duelist

After fighting, the duelists try to improve themselves and
take three types of action. From the winner, the loser learns
through copying the winner binary array. Learning
something new and randomly producing array by the winner
and new duelist trained by winner.

Sep 9: Elimination
The elimination of duelists is based on capability. The worst
duelist gets eliminated.

Sep 10: Termination

If the stopping criterion is not met, then the process is
repeated from step 7 until the best result is obtained. Fig.4
(a) shows the flowchart of the proposed duelist agorithm,
and Fig. 4(b) shows the classification of DOA.

VI. RESULTSAND DISCUSSION

To investigate the transmission function model of the
power system it is designed in MATLAB / SIMULINK
environment. Frequency deviation, control area error, as
well as tie-line power of the proposed duelist algorithm are
analyzed and simulated. Here, the response is anayzed
using two criteria

= Normal condition

= 1% step load perturbation

During these two conditions, the proposed method is
analyzed, and then it is compared with the existing

0 50 100 150
Time(sec)

(a)

200 250
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techniques such as PSO, BFO, ABC optimization
algorithms. And it is seen that the proposed technique
outperforms the existing ones.

A. Scenario 1: Normal Condition

At firgt, the area control error of the thermal, wind,
hydro system is analyzed under normal conditions. Here the
area error is less as compared to the existing techniques.
Area control error of thermal, wind, and hydro aress, i.e.,
area 1, area 2, and area 3, are shown in Fig. 5, where the
area control error is plotted against time. The area control
error is varied with time from 0 to 30 sec .The error reaches
the peak value of 0.23in 0.1 sec. In area 2, area control error
is varied from 0 to 30 sec. Error ranges from -0.05 to 0.18.
In area 3, the error of the area is varied from -0.03 to 0.12
within atime of 0.1 sec. Figure 6 displays the comparison
of area control error of DOA with the existing methods.
Figure 6(a) displays the comparison of area control error of
area 1with existing techniques. The area control error in the
proposed technique is less as compared to other techniques,
and aso very little time is required. Fig.6 (b) displays the
comparison of area control error of area 2 with existing
techniques. Fig.6 (c) displays the comparison of area control
error of area 3 with existing techniques. From these
comparisons, it is observed that the performance of the
proposed technique is very effective as compared to the
existing ones. Fig.7 displays the frequency deviations in the
proposed technique. Fig.7(a) shows the frequency deviation
of the thermal system. The frequency deviation ranged from
-0.08 t0 0.298 HZ at atimeinterval of 0.5sec. The frequency
deviation is varied from O to 30 sec, and &fter it is constant.
The frequency deviation of the DOA technique in the wind
system is displayed in Fig.7(b), and it ranged from -0.1 to
0.35 HZ a a time interval of 0.5sec. The frequency
deviation of the hydro system is displayed in Fig.7(c), and it
ranged from -0.05 to 0.28 HZ at a time interval of 0.5sec.

0.2

0 50 100 150
Time(sec)

®)

200 250 300

0.15

g

0 50 100

Fig.5. Area control error of thermal, wind, and hydro area
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Fig.10. Comparison of tie-line power in DOA with existing techniques

Figure 8 displays the comparison of frequency deviation
under DOA with existing methods. Area 1 frequency
deviation is compared to existing methods shown in Figure
8 (a). A deviation is occurring at a time instant of 0 to 50
sec. Deviation of the proposed method is very low as
compared to the existing methods. Area 2 frequency
deviation is compared to the existing method and is
displayed in Figure 8 (b). Area 3 frequency deviation is
compared with the existing techniques, as shown in Figure
8(c). Figure 9 (a) shows the area 1 tie-line power. Tie line
power aso varied from -0.06 to 0.065 MW at atime interval
of 0to 0.5 sec. After that, it varied from 0 to 30 sec. Figure
9(b) displays area 2 tie line powers. Tie line power is aso
varied from -0.025 to 0.017 MW at a time interval of O to
0.5 sec. Figure 9 (c) showsthe area 3 tie-line power which is
varied from -0.06 to 0.037 MW. Fig 10 displays a
comparison of tieline power between the proposed

0.2

100 150
Time(sec)
(a)

0.15

200 250

technique with the existing techniques in the three areas
interconnected power system.

B. Scenario 2: 1% load perturbation

The the system performance is again analysed using the
proposed algorithm with 1% perturbation. At first area
control error of thermal, wind, hydro system is analyzed.
The error of the area is less with DOA as compared to the
existing methods. Area control error of therma area, i.e.,
area 1, is shown in fig. 11 (&), where it is plotted against
time. The control area error is varied from 0 to 30 sec. At
0.1 sec, the error reaches the peak value of 0.18. Area
control error of wind area, i.e., area 2, is shown in fig. 11
(b). The control area error is varied in time from 0 to 30 sec.
At 0.1 sec, the error reaches the peak vaue of 0.16. Area
control error of hydro area, i.e., area 3, is shown in fig 11
(c). The eror is varied from -0.06 to 0.1
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Fig.11. Area control error of (a) thermal (b) wind (c) hydro system
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Fig.12 displays the comparison of area control errors of
DOA and the existing methods. Fig.13 (a) displays area 1
frequency deviation. Frequency deviation occurs at the
starting stage. The valueis varied from -0.15t0 0.25 Hz at a
time interval of 0to 5 sec. The deviation is varied from O to
30 sec. Fig.13 (b) displays the area 2 frequency deviation.
The value is varied from -0.13 to 0.28 Hz at a time interval
of 0 to 5 sec. Fig.13 (c) displays the area 3 frequency
deviation. The value is varied from -0.12 to 0.25 Hz at a
timeinterval of 0to 5 sec. Fig.14 displays the comparison of
the proposed method with the existing methods using
frequency deviation. Fig.15 (a) displaysthe tie-line power of
area 1. Tie line power is varying initialy from -0.061 to
0.058 MW. It can vary up to 30 seconds, and after that, it
provides constant power. Fig.15 (b) displays the tie-line
power of area 2. Initially, it varied from -0.039 to 0.03 MW.
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Fig.15 (c) shows the area 3 tie-line power and is varying at
the range of -0.05 to 0.042 MW. Fig.16 displays the
comparison of tie-line power based on DOA with the
existing technique. Fig.17 displays DOA and existing
technique fitness comparison. DOA technique fitness is
1.79, which is low as compared with existing technigques.
From the fitness analysis, the proposed method gives better
control than the existing techniques. The proposed and
existing techniques are statistically analyzed in table 1. The
mean of the proposed method is 1.5629 and median is
1.5107, and the standard deviation is 0.0946. This value is
small as compared to the existing techniques. So it can be
concluded that the proposed technique provides better
results compared to the existing methods.

Table-1: Statistical Analysis of Proposed And Existing

Methods
Method Mean Median SD
DOA 1.5629 15107 0.0946
ABC 1.5778 1.5205 0.0959
BFO 1.5974 1.5304 0.1076
PSO 1.6240 1.5401 0.1261
VII. CONCLUSION

In this manuscript, a DOA is proposed for adaptive
controller parameter tuning and LFC tracking of the
interconnected hybrid power system. The proposed method
demonstrates the power system of three areas, e.g., thermal,
wind, and hydro system.
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Zero steady-state error and reduction of unscheduled tie-line
power flow under the control area is the objective of the
proposed technique. In the proposed DOA technique, error
and power flow are controlled. It is observed that the
variation in the system frequency remains close to their
nominal value; also the system output is controlled, and the
power balance is preserved in load variations. Then, the
DOA method is executed in MATLAB / Simulink platform,
performance is analyzed, and then the results are compared
with the existing methods like PSO, BFO, and ABC. The
simulation results show that the DOA-based adaptive
controller is robust in operation and provides excellent
damping performance of frequency and tie-line power
deviation compared to existing techniques.
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