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ABSTRACT

A Tilt Integral Derivative (TID) controller is designed in this paper for the Load Frequency Control (LFC)
issue of a multi-area interconnected restructured power system. The suggested TID controller settings are
fine-tuned using a novel optimization technique known as Hunger Games Search (HGS) algorithm. A
multi-area interconnected power system with various generating units is used to test the performance of
the proposed TID controller based on HGS. The suggested controller also takes into account system non-
linearities such as Generation Rate Constraints (GRCs) and Governor Dead Band (GDB). The superiority
of HGS's optimization over a range of other significant optimization techniques, such as the grey-wolf
optimization algorithm, has been confirmed. The simulation results show that the proposed TID controller
based on HGS improves system frequency stability significantly under a variety of load perturbation
scenarios.

Keywords-load frequency control; TID controller; DISCO participation matrix; Hunger Games Search (HGS),
algorithm

governor droop is commonly used for main frequency
regulation, resulting in consistently reported errors. The
secondary frequency control, also known as Load Frequency

I.  INTRODUCTION

Voltage frequency is one of the most essential power

system indicators. Frequency regulation in power systems has
recently received much attention. One of the most basic current
demands is maintaining a dependable and cost-effective
electrical supply while presenting and spreading power as
reliably and cost-effectively as possible in contemporary
connected equipment. The magnetizing current will continue to
rise in strength when the frequency is dropped, even if it is just
a little amount. The transformer, especially its center, may get
saturated as a result of the increased current flowing through it,
and the coil may burn out. Maintaining a balanced electric grid
is tough due to the rising demand for power. Throughout the
operation of electrical equipment, weight is constantly
converted. The frequency of the tool has a negative connection
with the mechanical output strain of the generator [1-4]. Three
layers of frequency regulation are largely unambiguous:
primary, secondary, and tertiary. Before the under/over
frequency protection relays are triggered, the primary
frequency control loop intercepts the frequency fall. The

Control (LFC) or Automatic Generation Control (AGC),
regulates the frequency in power systems with two main goals:
(i) maintaining the frequency in a desirable range and (ii)
controlling the interchange power through major tie lines
between the different control areas. After a severe disruption,
the primary responsibility of the tertiary control level is to re-
dispatch generating units and auxiliary reserves. Because no
interconnected system modification is required, the single-area
LFC system's goal is limited to stabilizing operating frequency
to the nominal value. To achieve load balance at the local and
global levels in a multi-area LFC system, each area's generators
must regulate the local load and tie-line power fluctuations
from connecting areas. Frequency control is performed by
adding the ACE signal to the feedback loop, which not only
accounts for variations in frequency and power exchange, but
also for the energy and time inaccuracy caused by schedule and
device irregularities Due to the deregulation of the electrical
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industry, the incentives and indicators provided by the
government to firms for controlling and managing their
operations have shifted significantly. Electric utilities,
including GENCOs, TRANSCO, and DISCOMs as part of the
DISCO tool, have been liberalized as a top-tier job that is now
available to anybody interested in working in the business. An
Independent System Operator (ISO), which is a huge

corporation, is in charge of keeping track of open market users.
In deregulated electric systems, AGC structures will almost
definitely continue to be essential, yet, the operations of AGC
systems in a vertically integrated agency and those in an
unstructured device differ greatly in terms of some methods [5-
9].
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AGC systems will continue to play a crucial role in the
management of out-of-control electric power networks,
regardless of the outcome. AGC structures will almost certainly
continue to be important in unregulated electric systems,
however, the operations of AGC systems in a vertically
integrated agency and those in an unstructured device differ
significantly in some ways [10-16]. Based on the work of the
fundamental elements of conventional algebraic geometric
computation are the proportional, integrals, and derivatives, as
well as their combinations. PID is the most frequently used
LFC manipulation [17-18], in part because of its simplicity,
dependability, and wide range of applications. Nonlinear
parameters include the Governor Dead Band (GDB) and the
Generation Rate Constraint (GRC) that has an impact on the
performance of LFCs [19-20]. When confronted with LFC
stressful events, many recent responses were supplied that
allowed us to improve the dynamic behavior of the system.
Different optimization techniques are evaluated in [21-27].

Block diagram of a multi area deregulated system.

Many researchers were concerned about the overall
performance of PID and TID controllers in the LFC when it
came to evaluating the controllers' overall performance [28-
30].

II. MULTI-AREA DEREGULATED SYSTEM

A. The Traditional Electric Power System Scenario

The traditional electricity market, which includes all
generation, transmission, and distribution units, is consolidated
under a single utility with total operational control. A single
utility firm may directly supply, transmit, and distribute
electricity to customers. Utility companies must follow the
power charge set by each state’s electrical commission.
Because a single utility controls all the power, this status is
known as a monopoly.
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B. The Deregulated Energy System Scenario

Deregulation refers to the process of modifying the laws
and regulations of the electric power industry so that customers
have a choice of electricity providers. Figure 1 refers to a
deregulated energy market that allows for competition among
shareholders to purchase and sell electricity and invest in
electric power plants and transmission lines. The shareholders
of the Generation Company subsequently sell wholesale power
to retail firms, who ultimately charge consumers based on the
retail electricity estimated price.

C. Disco Participation Matrix

The current AGC system has two areas, each with two-
generation stations, namely a thermal power generation unit,
and a solar power unit. There are two types of GENCOs and
DISCOMs in each area. The entire fractional amount of load
dealt by DISCO from a GENCO is represented by the contract
participation factor in each element. Because the GENCO must
give the needed load to the DISCO regardless of the location or
conditions, the sum of the components in each column equals
unity in the DISCO Participation Matrix (DPM):

cof W oepf o of v opf
ppm = | P ncof o cpf
cpf 5 opf 5 cnf 5 opf 4
of o pf o pf 5 f

III. DESIGN OF CONTROLLERS

The Tilt Integral Derivative (TID) controller is a feedback-
type controller, similar to the PID controller and with the same
advantages, while also having greater dynamic properties. Both
controllers have identical integral and derivative actions, but
the proportional action of the PID controller is replaced with a
tilt-proportional controller with internal feedback which is
shown in Figure 2. The objective function is given by:

sim

J = I(Af.)2+(Afz)2+(APn-e)2dt (1)

r(t)

Plant

Fig. 2. TID controller block diagram.

IV. HUNGER GAMES SEARCH (HGS) ALGORITHM

HGS was proposed in 2021. The dynamic, fitness-based
search technique for new users and decision-makers uses

"Hunger," an animal's fundamental homeostatic drive, as a
guiding factor. HGS incorporates the concept of hunger into its
feature process. An adaptive weight is built and utilized to
simulate the effect of hunger on each search phase in Figure 3.
It follows practically all species' computationally logical rules
(games), and these competitive activities and games are
frequently adaptive and evolutionary in nature, ensuring
enhanced chances of survival and food acquisition. The method
is more efficient than current optimization approaches due to
its dynamic nature, simple structure, and outstanding
performance in terms of convergence and acceptable solution
quality. The convergence curve of the HGS algorithm is shown
in Figure 14.

| initialize mOBL-HGS parameters |

Set iteration t = 1

—>| Apply main step of HGS algorithm |

Check if
Prop, > rand

Calculate the fitness
> values of candidate
solutions

Update the
candidate solutions

|

Calculate the Calculate the fitness
modified opposite [—»{ values of opposite
solutions solutions

!

Choose the best N
solutions from X U X

Check if
t = tyax

Return the best solution
and its fitness function

End

Fig. 3. Flowchart of the HGS algorithm.

1) STEP: 1 Approach Food

X (t) o (1+ randn(1)), r, <l
X(E+D)={W, oX, +ReW, o|X, - X (1)

n>lr,>E 2)

W, OX—th;éOVz n>lr,>E

where R is the range of [-a, a], r; and r, are random numbers in
the range of [0,1], randn(l) is a random number satisfying
normal distribution, X, is the location information of a random
individual in all the optimal individuals, ¢ is the current
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iteration, W; and W, are the weights of hunger, X(¢) is each
individual’s location, and [ is the parameter setting experiment.

The formula for E is:
E = sec h|F(i) — BF| 3)

where i € 1, 2, 3,...., n, F(i) is the fitness value of each
individual, and BF is the best fitness value.

R=2axrand — a 4)

t . .
where a =2x(1- ), rand is a random number in the

max_iter
range of [0,1], and max_iter is the maximum number of
iterations. The starvation characteristics of individuals in search
are simulated mathematically.

B. STEP: 2 Hunger Role

——— | hungry(i)x !
Wi () = SHungry
| )

3

, 1<l

W2 (l) — (1 _ e|hungry(i)szungry|) % 7’5

where hungry is the hunger of each individual, N is the number
of individuals, SHungry is the sum of hunger feelings of all
individuals, and r;, r4, rs are random numbers ranging in [0,1].

. 0 , AllFitness(i) = BF
hungry(i) = ) . . (6)
hungry(i)+ H , AllFitness(i) # BF

where ALLFitness(i) is the fitness of each individual in the
current iteration and H is acquired by:

_ F(i)-BF

TH =
WF - BF

x 1, x2x(UB—LB) @)

{LH x(1+r), TH <LH
H= 3

TH, TH > LH

V. RESULTS AND DISCUSSION

Each area consists of one solar system and one thermal
system as shown in Figure 4. To evaluate the most recent TID
controller, it is important to employ a deregulated electricity
system. Nonlinear components, such as GRC and GDB, are
assessed in addition to linear components. Steam must be able
to circulate through the turbine and condense on the supplied
contractions for GRC to work. Water droplets collide with
turbine blades due to the presence of condensed steam, causing
them to eventually stop operating. A GRC restriction of 0.05%
is implemented. In the absence of torque, GDB is better
characterized as the pace at which the steam valve
characteristic can be swapped. When the GDB is used, a 0.06%
restriction is possible.

Area-1
Solar-

Area-2

Solar-
Thermal Thermal
System System

Fig. 4. The single line diagram of a two-area system.

A. Case A: Pool Co-based Transaction

A pool co-based transaction occurs when a DISCO shares a
load with any of the GENCOs in the same area. The area
participation factor is 0.5 when the 4 values are the same.
Figures 5-7 use different HGS-based and GWO-based
controllers, showing the difference in frequency in each area
and the power of the tie line. Table I shows that the HGS-based
controller performs better for pool co-based transactions than
the GWO-based controller.
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Fig. 5. Deviation of frequency in area-1 under pool co-based transaction
for 1% step load disturbance.
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Fig. 6. Deviation of frequency in area-2 under pool co-based transaction
for 1% step load disturbance.
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Fig. 7. Tie line energy deviation beneath a pool co-based transaction for a

1% step load disturbance.
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TABLE I. COMPARISON OF OVERSHOOT, UNDERSHOOT,
AND SETTLING TIME UNDER POOL CO-BASED
TRANSACTIONS
/n Hu S.T.
(peak overshoot) | (peak undershoot) (settling time)
Afi | Ay | AP | Afi | A | APi | Afi | A | AP
GWO-PID | - 0.42 - 0.6 - 022 | 1.8 [ 25| 34
HGS-PID | - 0.35 - 0.52 - 022 | 1.6 [ 22| 32
GWO-TID| - | -0.28 - 0.5 - 021 | 14 | 1.8 3
HGS-TID | - | -0.18 - 0.42 - 021 | 1.2 | 16| 2.8

B. Case B: Bilateral-based Transaction

There is a bilateral transaction that takes place whenever a
DISCO shares the load with any of the GENCOs in another
region. The values that should be used for the area participation
factor for the 4 values that are considered uneven are (.75,
0.25, 0.5, and 0.5. Figures 8-10, employing various HGS-based
and GWO-based controllers, respectively, depict the deviation
of frequency in area-1, area-2, and tie line power. Table II
demonstrates that, for bilateral-based transactions, the HGS-
based controller performs better than the GWO-based
controller.

-0.05
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Fig. 10.  Deviation of tie line power under bilateral-based transaction for 1%

step load disturbance.

C. Case C: Contract Violation

When the DISCO requests more electricity than the agreed-
upon value, a contract violation arises. GENCO does not lease
out this extra power. A GENCO in the same vicinity as the
DISCO should supply this uncontracted power. Let's consider
instance 2, which necessitates adding 0.1 p.u. MW of power to
a DISCOL. Figures 11-13 which use various HGS-based, and
GWO-based controllers, respectively, demonstrate the
deviation of frequency in area-1, area-2, and tie line power.
Table III demonstrates that, in a contract violation-based
transaction, an HGS-based controller performs better than
GWO-based controller.
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TABLE IL. COMPARISON OF OVERSHOOT, UNDERSHOOT,
AND SETTLING TIME UNDER BILATERAL-BASED
TRANSACTIONS
Hy Hu S.T.
(peak overshoot) | (peak undershoot) | (settling time)
Afi | Afy | AP | Afi | Afy | APie | Afi | Afy | APy,
GWO-PID [ 0.08 |0.12| - |0.15| - 005 [32]36] 3.2
HGS-PID | 0.05/008| - [0.15] - 005 [28]28] 3.0
GWO-TID | 0.03[0.09| - [0.15] - 005 (24|24 2.8
HGS-TID [0.02[0.06| - [0.18] - 0.05 [22]22] 2.6

Time(sec)

Fig. 12.  Deviation of frequency in area-2 under contract violation for 1%
step load disturbance.
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Fig. 13.  Deviation of tie-line power under contract violation for 1% step Time(Sec)
load disturbance. Fig. 16.  Frequency deviation in area-2 for different SLP values.
TABLEIIL.  COMPARISON OF OVERSHOOT, UNDERSHOOT, 0.01 T | T
AND SETTLING TIME UNDER CONTRACT VIOLATION
BASED TRANSACTIONS 0 i
Hp Hu S.T. S oo 2% SLP in area 1 and 2 |
(peak overshoot) | (peak undershoot) |  (settling time) g 0.02 5% SLP in area 1 and 2 |
Afi | Afs | APi | Afs | Afs | APie | Afi | Afs | APge 3 10% SLP in area 1.and 2
GWO-PID | 0.1 |0.17] - [024]| - 009 | 35|38 | 32 g 003 J
HGS-PID | 0.05[0.16| - |024| - 009 | 32 [ 24| 30 3
GWO-TID | 0.04 | 0.15| - 022| - 008 | 28 | 1.8 | 2.8 2-0.04 1
HGS-TID [0.02]012]| - ]022| - 008 | 26 | 1.6 | 2.6 & 005
i -

Furthermore, the SLP values for the reduced inertia case
system have been varied from 1 to 2%, 5%, and 10% in areas,
1 and 2. The resultant transient response is shown in Figures
15-17. The plots in frequency and tie-line error are validating
the robust nature of the proposed HGS algorithm.

Convergence curve
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Fig. 14.  Convergence curve of the HGS algorithm.
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Fig. 15.  Frequency deviation in area-1 for different SLP values.
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Fig. 17.  Tie-line power deviation for different SLP values.

CONCLUSION

The current paper investigates the performance of a TID
controller in a deregulated market structure for a variety of
transactions and contract breaches. The power system's load
demand is a challenging problem to handle since it necessitates
the creation of several optimal controllers. The controller's
major responsibility is to make sure that the voltage magnitude
and frequency are always steady. The DPM strategy was put
into practice. According to the comparison of the controllers,
the HGS-based TID controller performs better than the GWO-
based controllers in terms of settling time, overshoot, and
undershoot.

APPENDIX

The system parameters are given below:

f=50Hz, Tgl=0.08s, Tt1=0.3s, Tt=3s, Tg=1.0s, Tri=10s,
Kri=0.5, Kp=120Hz pu MW/rad, H=5s, D=8.33x10’3pu
MW/Hz, Tp=20s, T=0.086, Ri=2.4Hz/pu MW, Bi=0.425pu
MW/Hz, Kst=1.8, Tst=1.8s.
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