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Abstract

This paper is engrossed in the usage of metaheuristic optimization methods named the JAYA algorithm
and the teacher learning based optimization (TLBO) algorithm, which deal with the objective function of
the optimal power flow (OPF) problem. TLBO and Jaya are parameter-free algorithms, which reduce the
complexity of algorithms. The objective function of this paper is to reduce the real power losses and
maintain the voltages and tap positions within their limits. IEEE-39 bus system data is considered for the
practice of the algorithms. The results obtained by using the JAYA algorithm show better progress in
objective function reduction. This entire work is done in a MATLAB environment.
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1. Introduction

The Optimal power flow (OPF) problem was first formulated by J. Carpentier [1].Solutions for optimal
power flow (OPF) are essential tools for running electric power networks[3,16]. It is a power flow that
adjusts power grid management settings appropriately while dealing with various restrictions [2].
Numerous traditional optimization strategies, such as non-linear programming, the Newton
algorithm and decomposition algorithms[4,5], have been used to cope with the OPF problem. The prior
deterministic (conventional) optimization techniques used are offered in-depth examination. These
approaches have various drawbacks, including as being stuck in local optima (i.e., having insecure
convergence qualities)(3), not being able to handle goal functions that are not differentiable, and having
a high sensitivity to beginning search sites, despite the fact that they can sometimes find the globally
optimum solution. Additionally, these algorithms cannot provide a universal fix. It is therefore necessary
to suggest alternate solutions to the aforementioned problems.

The recent advancements in the computer led the OPF problem solving using the novel algorithms
termed as nature inspired algorithms [6]. In the earlier century a lot of advancements leads to the
proposal of nature inspired algorithms, which helpful in solving the problems of real time avoiding the
miniature errors. The OPF is a convex problem, till now no algorithm is compatible to solve the
problem, the nature inspired algorithms are able to provide the optimal solutions of the problem. The
OPF problem is solved by using the different types of meta heuristic algorithms such as particle swarm
optimization algorithm [7], Gravitational search algorithm [8], BAT algorithm [9,13], artificial bee
colony algorithm [10], and cuckoo search algorithm [12]. These algorithms reduce the complexity of the
problem and the optimal solution is provided.Regrettably, despite their benefits, each of these
population-based optimization techniques requires properly designed algorithm-specific controlling
parameters because inappropriate tuning of such variables will increase the computational burden[11]
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(i.e., affect the convergence property) or results in an inadequate solution.

The Teaching-Learning-Based Optimization (TLBO), a population-based optimization approach that
draws inspiration from knowledge transfer in the classroom where students first learn from their teachers
and then from their peers, is one of the newly developed optimization strategies. The TLBO algorithm is
parameter free algorithm [14], which reduces the complexity of the aforementioned above.

The Jaya algorithm, which Rao presented in 2016 to overcome the aforementioned issue, is one of the
recently created population-based optimization techniques[15].The Jaya algorithm's optimization
process does not entail fine-tuning any algorithm-specific regulating parameters, in contrast to other
population-based techniques. As was already said, regulating such factors is not always easy. With this
feature, the Jaya algorithm gains a significant advantage by eliminating the challenge of regulating these
parameters and cutting down on the amount of time needed to complete the optimization process. The
method is very straightforward to develop and straightforward to use. The idea that the response to a
particular problem must move toward the ideal answer and avoid subpar ones serves as the inspiration
for this technique's optimization strategy.

The two algorithms with specific parameter less algorithms are reviewed which are named as TLBOJ[17]
and Jaya[18] are plays a key role in the electrical engineering to solve the problems of constrained and
unconstrained type parameters. These algorithms are belonging to the class of Meta-heuristics
algorithms which are quite popular in this generation. The TLBO algorithm is more weighed up then
Jaya algorithm, because TLBO is two step methodology which is closer to the classroom learning
environment. The two phases are 1). Teacher and 2). Learner .

the meta heuristic algorithms require the specific algorithm parameters including population size and
iterations. Unlike these algorithms, Jaya and TLBO require only population size and iterations. So, Jaya
and TLBO algorithms are specific parameter less algorithms.

The bus system used in this paper is known as the New England power system and commonly referred
as the IEEE-39. This bus systems consist of 10 Generators and 46-line transmission line system. The
parameters of this bus system are taken from the book titled as” Energy function analysis for power
system analysis stability” [19].

The idea of this paper is mainly due to the attractiveness and simplicity of the Jaya algorithm. The
arrangement of paper is discussed briefly, the second chapter details the problem formulation and next
provides the detailed procedure of the two algorithms in the continuous chapters, the results and
discussion are raised in the following chapter after the algorithms and the final chapter is conclusion.

2. Problem formulation

This paper dealt with the single objective function type of OPF problem. The objective function is
minimization of active power losses. An optimized objective function is formulated involving the
equality and inequality constraints.

A. Objective Function

The objective function is achieved by finding the optimal values of the control variables, such as voltage
(V) and tap values of transformers, which sinks the active power loss. The formula for this objective
function is shown in equation (1)
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The total losses of the system are expressed as:
Prosses = 2?21 Py (2)
V;=Voltage from sending end.;V; =Voltage from receiving end.;Y;; =admittance of branch.
8;, 6;,=voltage angle.
A.1. Constraints
The OPF problem involves two types of constraints
e Equality constraints.
e Inequality constraints.

A.1.1.Equality constraints
The equality constraints are Real and Reactive power limits.
Real power generation limits
Pgi = Py + Pi(3)
P;;= real power generation (Pg) at i*" bus.;P,;=real power demand (Pg) at i" bus.
P,;=real power losses (P,) at it" bus.
Reactive power generation limits
Qgi = Qui + Q1i(4)
Qg; = reactive power generation at i*" bus.;Q,; =reactive power demand at i** bus.
Q,;=reactive power losses at i" bus.
A.1.2. Inequality constraints

a) Real power generation limits
P < Py < P (5)
The real power acceptable limits must be within the range is shown above.
Where
1=1,23...ng
ng = no. of generators;P;-”" = minimum real power level (Pg) at bus i;
P7** = maximum real power level (Pg) at bus i.

b) Bus Voltage limits
The voltage levels must be maintained within limits.

Vimin < Vl < Vimax (6)
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Where,
i=1,2,3...ng; ng = no. of generators;V/™" = minimum voltage level at bus i.
V4 = maximum voltage level at bus i.
c) Tapping limits
The tap positions of transformer always maintained within the limits.
tmn <t <t (7)
Where,
i=1,2,3...ng; ng = no. of generators;t/™" = minimum tapping position level at bus i.
t™* = maximum tapping position level at bus i.

It is important to note that the modified objective function's aforementioned mathematical formulation is
only employed when one or more dependent variables break the upper/lower bound. The key objective is
to identify and clear of any impractical solutions that may be found throughout the optimization process.
The penalty factors may vary depending on the application and the designer's experience. Different
penalty components have various outcomes. This research considers a high unity penalty of 10,000 on
every dependent variable in case of violation of the upper/lower limit in order to address this issue.

3. TLBO Algorithm

The teacher-student relationship in a learning environment, the teacher's influence over learners or
pupils, and the interactions and effects that learners have on one another are the main sources of
inspiration for the TLBO algorithm. The teacher phase and learner phase are the two primary
components of the algorithm, respectively. This algorithm is proposed by Rao[13].

The step-by-step procedure of the TLBO algorithm is as discussed below.
1. Initialize the parameters.
2. Define the objective function
3. Generate population.
4, Compute Xpest, mean, T
Where, Xpest = the best student/candidate from the class.
Mean = Mean of the all marks.
Ts= teacher factor based on ability (random variable).
5. Teacher phase
e Find the difference between the average marks and best marks (Xg;).
Xai = 11(Xpest — Ty X Mean) (8)
1; = random number between(0, 1)

e By using the X, , find the solution obtained by student interaction between the two

IJFMR23011621 Volume 5, Issue 1, January-February 2023 4




nY International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijffmr.com e Email: editor@ijfmr.com

students i, J.
Xiix = Xij + X4 (9)

X;; = the marks obtained by j in i iteration.

o If X, <X, ;,then X, is passed to learner phase.

Jr
else X;; is passed to the learner phase.
e Check the new solution with the bounds, the solution must be within limits.
6. Greedy selection
e Generate new solution for given objective function.
e Store the parameters for the above solution.
7. Learner phase.
e Randomly select two studentsas partners (A, B)
e Generate population for both partners (A, B).
° Ile-,j,A <Xijn
Xiinew = X;i—a +rand x (X,,_4 — X;;_5) (10)
Else

Xiinew = Xji—a —rand X (Xj,i—A - Xj,i—B) (11)

8. Perform greedy selection repeat step 6.

9. End

4. Jaya algorithm

Rao developed the novel population-based optimization technique called Jaya [14] to get the best results
for both constrained and unconstrained optimization issues. Jaya, in contrast to other population-based
heuristic algorithms, just uses the two standard regulating parameters of population size(n) and the
number of iterations(i). This technique's optimization method is based on the notion that the solution
chosen for a given problem must go toward the ideal answer and avoid the less desirable one. According
to the aforementioned idea, the fundamental Jaya algorithm just includes one phase, making it a
straightforward optimization method. The procedure for implementing Jaya algorithm is as discussed
below. This algorithm is proposed by Rao.

1. Initialize parameters required for algorithm (population size, iterations).
2. Define the objective function.

3. Generate the population.
4

Identify the best and worst solutions among the population size.
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5. Update the candidate solution using the best and worst solution.

'

X i = Xigei + 105X pese i = Xijei) = 726 K worse 1 — 1 Xj 1] )(12)
6. Check if the previous solution is (X; ;) better than new solution (Xj"k_i).

e Update the solution with the old solution
e Else update the new solution.
7. Check the new solution is within the limits.
8. End.
5. Results and discussion

The objective function of this paper is to reduce the active and reactivepower loss reduction using the
Jaya and TLBO algorithms to check the efficacy of the algorithms. These algorithms are employed to
IEEE-39 bus system which is also called as New England power system. For, the IEEE-39 bus system
the population size and the maximum number of iterations are set to 210 and 35. IEEE-39 bus system
consists of 10 generators and 46 lines. The OPF problem is convex type of problem, solving the complex
problems is arduous. So, it needs special type of algorithms to yield better solutions.The procedure for
the implementation of algorithms to the OPF problem formulated is shown in following figure 1. The
control variables in this algorithm are tap positions of transformer and voltages at busses. These
variables should strictly within the limits. Fig 2 illustrates the step-by-step process of how this OPF
problem is solved by using the different algorithms considering the best algorithm in the pictorial
representation. The below flowchart represents the process of the application of the Jaya algorithm. The
population is randomly generated, the best and worst candidates are selected and the candidates are
updated as shown in equation 12. The active power losses in the Jaya algorithm diminishes when
compared with the TLBO algorithm tabulated in Table 1. The IEE-39 one line diagram is shown in
following fig 1.

Figure 1 Simulink diagram of IEEE-39 bus system
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Figure 2 Flowchart of the algorithm applied to OPF problem
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The below fig 3 represents the active power loss reduction values. The objective of this paper is active
power loss minimization subjecting the respected constraints.in the base case the active power losses are
observed as 0.4294 p.u. to reach the desired outcome , different types of algorithms are implemented.
TLBO algorithm is applied, the losses observed are 0.3905 p.u. further, to achieve the defined objective,
Jaya algorithm is implemented the losses are recorded are 0.3778p.u.

Figure 3 Active power loss reduction of two algorithms

ACTIVE POWER LOSS

Base case

TLBO algorithm
ALGORITHMS

Jaya algorithm

The below table 1 shows the active and reactive power loss reduction in the IEEE-39 system, when the
system is applied to the different algorithms. The base case losses in the system are 42.94MW the
corresponding reactive power losses are 54.20MW. By applying the TLBO algorithm and Jaya algorithm
the losses are reduced which are listed in the below table. The losses are very low when the system is
applied to Jaya algorithm. Active power losses are reduced simultaneously the reactive power loss are
also affected.

Table 1 Active and Reactive power values

Types of Active % Loss | Reactive | % Loss
loss power loss( | reduction power reduction
MW) loss
( MVAR)

gorithm
Base case 42.94 - 54.20 -
TLBO 39.05 9.05 49.81 8.09
algorithm
Jaya algorithm | 37.78 12.01 48.78 10
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The control variables in this methodology are Voltage and Tap positions of transformer. By adjusting the
control variables, the objective function is achieved. Fig 4 represents the graphs of control variables at
which the optimal solution is accomplished. The below figure shows the voltage profiles of the system
under different algorithms. In the base case the voltage profiles are violating limits imposed on the
system. LaterTLBO algorithm is implemented and the voltage profiles are within the limits, but the
active power losses are reduction is not appreciable. To further satisfy the objective of the algorithm,
Jaya algorithm is considered the voltage limits are satisfied and losses are also minimized. The limits of
the voltages are 0.95 is lower limit and 1.05 is the upper limit.

Figure 4 Voltages of IEEE-39 Bus system with TLBO and Jaya algorithm.

108 ;

6. CONCLUSION

In this paper TLBO and Jaya algorithm are applied to solve the optimal active power flow
problem.IEEE-39 bus system is used to demonstrate the effectiveness of the two algorithms. The test
results unambiguously show that Jaya performs better in terms of solution quality than other algorithms.
As demonstrated by the IEEE-39 bus system, the proposed Jaya method's superiority is clearer for large
systems. Finally, from all the above test case results it can be concluded that Jaya algorithm is capable to
solve large scale problems and it’s good in solving power system optimization problems.
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