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Abstract
Objective: The load frequency control is an integral part of the study of
power system operation and control and to address the problem, numerous
techniques have been proposed. The Most Valuable Player Algorithm (MVPA)
is one such algorithm designed to solve any optimization problem in general
which in this work is applied to load frequency control for easy implementation
and effective results. Method: To tackle the load frequency problem, MVPA
algorithm is implemented in MATLAB/Simulink. The results which are obtained
from different cases of power system, are compared with those obtained using
other established algorithms. The pertinent parameters like peak overshoot
and settling times have been compared along with ease of implementation.
Findings: The study demonstrates that the implementation of the MVPA
algorithm leads to improved frequency regulation, as evidenced by reduced
settling time by 10% and peak overshoot by up to 50%. This performance
enhancement establishes the superiority of the MVPA algorithm compared to
existing techniques. Novelty: This study presents a new approach by applying
theMost Valuable Player technique to address the load frequency problem. The
results showed that the algorithm exhibits superior performance as compared
to other existing techniques used in load frequency control.
Keywords: Load Frequency Control (LFC); Power System Operation; MVPA
Algorithm; Frequency Regulation; TieLine Power

1 Introduction
The power system is a dynamic system. The load on the power system is constantly
varying. The generator operation output in terms of voltage and frequency is not
independent but a function of load. If the power system is in equilibrium and then it is
perturbed by increasing the load, the additional load is supplied by fall in the generator
speed.The drop in speed directly results in the droop in frequency. As the load increases
the frequency drops which causes several problems in load operation. The frequency is
to be maintained within the limits of±5%.

To maintain the frequency the steam input is increased by changing the governor
setting. For any increase in load, the steam input needs to be increased and vice versa
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by controlling the governor setting. But the complexity in the control arises due to stochastic fluctuations of the load.Therefore,
the automatic load frequency control is inevitable.

Several techniques and algorithms are employed in the automatic controllers with the objective to minimize the disturbance
as soon as possible with minimum overshoot and transient time.

Fig 1. Single Area Power System

Thepresentwork proposes the applicationMostValuable PlayerAlgorithm (MVPA)with the objective of controlling the load
frequency. Optimization algorithms can be categorized into twomain types based on their approach to finding solutions: single
solution-based algorithms, which aim to find a single optimal solution, and population-based algorithms, which work with a
population of candidate solutions and use various techniques to guide the population towards better solutions. Population-
based algorithms can be further classified into different categories, including swarm-based, physics-based, maths-based,
evolutionary-based, and human-based algorithms.The human based techniques are inspired by the different man-made events
and processes (1).

In the field of automatic controllers, various techniques and algorithms are utilized with the objective of minimizing
disturbances as quickly as possible, while minimizing overshoot and transient time. In this study, the Most Valuable Player
Algorithm (MVPA) is proposed as a method to control the load frequency.TheMVPA falls under the category of human-based
optimization algorithms, which are inspired by man-made events and processes. Specifically, the MVPA takes inspiration from
games. The subsequent sections of the study involve the mathematical modeling of single-area and multi-area power systems,
as well as a detailed explanation of the MVPA algorithm and its application in load frequency control. Simulation results are
presented, and a comparison with other relevant techniques is conducted to evaluate the performance of the MVPA algorithm.

By implementing theMVPA algorithm and analyzing the simulation results, the study aims to demonstrate the effectiveness
of the algorithm inmaintaining load frequency controlwithin the desired range.The comparisonwith other techniques provides
insights into the superiority of the MVPA algorithm in addressing the challenges posed by load fluctuations and optimizing
power system performance.

2 Methodology

2.1 Modelling of Power System

A single area in power plant consists of speed governor system, reheater, steam turbine and finally generator-load combination.
The transfer functions for the same are as follows:

Speed Governor:

Ggr(s) =
∆Pv(s)
∆Pet(s)

=
KG

1+ sτgr
(1)

Reheater:

Gtr(s) =
1+ sτreKre

1+ sτre
(2)

Turbine:

Gtt(s) =
KT

1+ sτT
(3)
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Load:

Gp(s) =
KP

1+ sTp
(4)

The single area power system (SAPS) has been shown in Figure 1. The reheater has been omitted for better analysis of the
employed control technique. The deviation in frequency in this case is the indication of mismatch in power in the control area
itself.

The multi area power system (MAPS) is formed by interconnecting several areas using tie-lines or transmission lines. The
frequency deviation in MAPS is the measure of power mismatch in the control area as well as the interconnection. The block
diagram for MAPS is shown in Figure 2.

Load frequency control reduces the steady state error which is the combination of tie line power and frequencies . This is
expressed mathematically as:

ACE i = Bi△ fi +△Ptiei (5)

where Bi represents the tie-line bias factor, ∆fi represents the deviation of the system frequency from the nominal value, and
the difference between actual tie line power and its scheduled value is represented by the ∆Ptie. (2,3)

The controller employed is the PID controller which can be modelled conventionally as in Figure 3. The transfer function is
given by

T FPID = Kp +Ki

(
1
s

)
+Kd

 N

1+
N
s

 (6)

Fig 2.Multi Area Power System

where Kp, Ki and Kd represent the proportional gain, integral gain and differential gain of the controller respectively (4,5).

2.2 Most Valuable Player Algorithm (MVPA)

It is an optimization method that draws inspiration from sports. It has been developed recently by H. Bouchekara to solve
optimization problems. Like in sports a player or a member undergoes two phases of competitions to come out as the best
player.TheMost Valuable Player Algorithm (MVPA) operates in two phases: in the first phase, players compete with each other
to be the best player on their team, and in the second phase, they compete with players from other teams to become the Most
Valuable Player (MVP) of the franchise.

Initially, a population of size ”PlayerSize” is randomly generated, and the players are randomly assigned to teams of size
”TeamSize.”Next, a team (TEAMi) is chosen randomly, and the competition begins.During phase 1, each player’s skill is updated
using the following equation:

Teami = Teami + rand × (Franchisei −Teami)+2× rand × (MV P−Teami) (7)
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Fig 3. Controller Block Diagram

where rand is a randomly distributed number in the range [0,1] and 2 is a constant empirically found to be most effective
though any other number could be used. In the phase 2, TEAMi plays against TEAM j. If TEAMi wins the players’ skill is
updated as follows:

Teami = Teami + rand ×
(
Teami −Franchise j

)
(8)

If TEAMi loses then,

Teami = Teami + rand × (Franchise j −Teami) (9)

The above steps are repeated up to specified number of iterations which forms the end criterion (6,7).
This algorithm has been used in the present study in the load frequency control problem. The complete algorithm has been

illustrated by flow chart shown in Figure 4 for the application into load frequency problem. The results have been discussed in
the following section.

When compared to other techniques, the MVPA algorithm being a competitive algorithm converges more quickly with
higher success rate. It requires much less computational effort.

3 Results and Discussion
The simulations were performed considering five cases. Cases 1-4 pertain to single area power system and case 5 (a) and (b)
to two-area power system. The various cases correspond to various expected and random disturbances occurring in a real
world power system.The results of two-area power system may be extrapolated for any number of areas. The results have been
compared with that of pre-existing techniques.

Case 1:
A single area power system (SAPS) is considered in this case. The thermal power plant is a non-reheated type. The load

change is applied at 1 sec and the response is observed. For simulating the perturbation the controller gains are varied by 50%.
The most important performance parameters are settling time & peak undershoot. The response as seen in Figure 5 is much
superior to that achieved by algorithms PSO, Anwar & Pan, and Padhan & Majhi (8–11) in terms of lower settling time (ts) and
small undershoot (US) both in nominal and perturbed system.The settling time for MVPA based LFC is found to be 3.25 secs
which is less than other methods.

Case 2:
In this case a reheated turbine is considered.The conditions used for analysis are similar to that in case 1 where both nominal

and perturbed systems are considered and the load is changed at 1 sec. The response has been displayed in Figure 6 along with
that of Padhan and Manjhi. Better performance can be observed in terms of peak undershoot and settling time of transients.
The settling time for MVPA based LFC is found to be 6.3 secs which is less than other methods.

Case 3:
Here a single area power system with system parameters different to that in cases 1 and 2 is considered. Such a variation is

taken into account to analyse the dynamic system and its operation. Rest of the parameters are taken and varied similar to that in
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Fig 4. Flow Chart of MVPA

the previous cases.The result is shown in Figure 7 along with comparison with Gundes and Chow (11). Significant improvement
can be observed. The settling time for MVPA based LFC is found to be 5.5 secs which is less than other methods.

Case 4:
Now a non-linearity called generator rate constraint (GRC) is introduced.This poses an additional constraint to the control

of the system. It often leads to instable operation and transients. In mathematical modelling the GRC block in cascaded to the
turbine block and the parameter is taken to be 0.1 pu/min.The response is shown in Figure 8.The settling time forMVPA based
LFC is found to be 5.5 secs which is less than other methods.

Case 5:
This case pertains to a two-area power system with a non-reheated turbine, where the variations in frequency and power

exchange through the tie-line between the two areas are monitored. In this scenario, a 10% load step is applied to area 1, and no
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Fig 5. Frequency Response of perturbed and nominal system of case 1

Fig 6. Frequency Response of perturbed and nominal system of case 2

Fig 7. Frequency Response of perturbed system of case 3
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Fig 8. Frequency Response of perturbed system of case 4

Fig 9. Frequency Response of perturbed system of case 4

Fig 10. Frequency Responses of areas 1 & 2 of perturbed system of case 5(b)

load step is applied to area 2.The response to this is compared with other algorithms, and as demonstrated in Figures 9 and 10,
it exhibits superior performance in terms of settling time and peak undershoot.The settling time forMVPA based LFC is found
to be 2 secs for both cases which is less than other methods.

Table 1. Comparison of settling time (seconds) of different algorithms
Case Proposed (8) (9) (10) (11)

1 3.25 secs 3.3 secs 3.4 secs 6.8 secs -
2 6.3 secs 6.1 secs - 6.3 secs -
3 5.5 secs 5.8 secs - - 6.9 secs
4 5.5 secs 5.5 secs - - 5.5 secs
5(a) 2 secs 7 secs - 4 secs -
5(b) 2 secs - 4 secs - -

4 Conclusion
This study applies the Most Valuable Player Algorithm (MVPA), initially devised for optimization tasks, to tackle the load
frequency problem.The results demonstrate its effectiveness across various other techniques implemented in the literature like
PSO, Anwar & PAN etc. The settling time for MVPA based LFC for five different cases have been evaluated and found to be
considerably less than other implemented methods in the literature. Therefore, this technique holds significant promise for the
effective resolution of the load frequency control problem.
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