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Abstract. With the rapid development of the world economy, the demand for power load is
also growing rapidly. The power system economic dispatch problem studied in this paper is to
reduce the fuel cost of generator units on the premise of satisfying some series of constraints of
power system. In this paper, genetic algorithm is adopted as the solution strategy for power
system economic dispatch problem, and the penalty function is used to deal with the equality
constraint condition in the power system economic dispatch problem. Finally, we use the
genetic algorithm to solve the IEEE-9 notes power system economic dispatch problem and give
the corresponding simulation results. The simulation results show that the genetic algorithm
can solve the power system economic dispatch problem effectively.

1. Introduction

Electric power provides a strong guarantee for industrial stable production and plays an important role
in promoting national economic development. Since the beginning of the 21st century, with the rapid
growth of the world economy, the demand for electricity is also increasing. While meeting basic
electricity needs, we also need to consider the economics of power system operation. Using the
professional language in the field of power system is to minimize the fuel cost of generator units on
the premise of satisfying some series of constraints of power system[1].

In this paper, we choose power system economic dispatch problem as our research object. The
commonly used methods for this problem are mainly divided into two categories: iterative algorithm
based on gradient information and intelligent algorithm. The iterative algorithm based on gradient
information mainly includes interior point method [2] and quadratic programming, etc. The iterative
algorithm based on gradient information converges quickly, but it is only suitable for solving convex
optimization problems with unique extreme point. The advantage of intelligent algorithm is that it is
simple to use and does not require the problem to have some special mathematical properties [3]. At
the same time, the disadvantage of the intelligent algorithm is obvious: the accuracy of the results is
not as good as the iterative algorithm based on gradient information. In terms of the solution in general
engineering problems, we do not need to solve the exact optimal solution, only to require the solution
to meet certain precision conditions. Therefore, this paper adopts the genetic algorithm theory to solve
the power system economic dispatch problem.

The structure of this paper is organized as follows. In the second section, we introduce the
mathematical model of the power system economic dispatch problem. In the third section, we
introduce the genetic algorithm in detail and give the corresponding pseudo code. Finally, we take
advantage of genetic algorithm to simulate.
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2. The Mathematical Model of the Power System Economic Dispatch Problem
The aim of power system economic dispatch is to minimize the fuel cost of generator units under the
constraints of various equations or inequalities. The mathematical model is expressed as follows [4, 5].

minF = > F(R)= > @R +bf +c)

i=1

st YP=P, @

i=1
Pmin < P| < Pimax

Where the objective function is expressed as F; the fuel cost consumed by i-th unit is expressed by
quadratic function, and the coefficient of quadratic function is expressed by a;, bj and ¢;, what is more,
the coefficients of a;, bi and c; are given fixed values. The equality constraint indicates that the sum of
active power emitted by all generators is numerically equal to the total load Pp of the power system.
The inequality constraint condition represents the physical limit of the active power of generators,

including the maximum active power limits P™ and the minimum active power limits P.™" for the i-
th generator.

3. Genetic Algorithm

Genetic algorithm is a parallel random search optimization method which simulates the genetic
mechanism of nature and biological evolution. Genetic algorithm is proposed by professor Holland
from the university of Michigan in 1962 firstly. Genetic algorithm introduces the biological evolution
principle of survival of the fittest into the population. According to the principle of survival of the
fittest, the operation of genetic algorithm includes population initialization, selection, crossover and
mutation [6]. With the continuous evolution of the population, the fitness of the individual in the
population is continuously improved until the evolution of the population meets certain conditions. In
this section, we will introduce in detail on how to use genetic algorithm.

3.1. Population Initialization

The first thing we need to do when we use genetic algorithm is to generate the initial population of the
problem. The common population coding methods of genetic algorithm include binary code, real code
and reflected binary code. In this paper, the physical meanings of the variables we deal with are the
active power output of the generator units. We further consider the description of variables in formula
(1), which are continuous real numbers within a certain range. Therefore, we initialize variables in real
code. We could write the initialization pseudo code as follow.

Variables= (Ub-Lb)*rand+ Lb 2

Where Ub represents the upper limit of the corresponding variable and Lb represents the lower
limit of the corresponding variable; rand is a function in Matlab software and the function of rand
returns a pseudorandom value drawn from the standard uniform distribution on the open interval (0, 1).

3.2. Selection

Selection means to choose individuals from the old population under certain rules. Individuals with the
optimal fitness function have the highest probability of passing on genetic information to the next
generation. In this paper, we use roulette to select individuals. In the roulette method, the probability
of an individual being selected is positively correlated with its fitness. In other words, the greater the
fitness function, the greater the probability of being selected. This is in conflict with the goal of our
power system economic dispatch problem, our goal is to minimize the objective function. Considering
the objective function of power system economic dispatch problem is positive in the range of variable
feasible region, we do the inverse of the objective function: the new objective function is equal to the
inverse of the original objective function. The smaller the value of the original objective function is,
the larger the value of the newly generated objective function will be and the greater the probability of
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selection will be. The corresponding pseudo code for selected operation is shown in Table 1. The
function of rand returns a pseudorandom value drawn from the standard uniform distribution on the
open interval (0, 1). The function of sum returns sum along different dimensions of an array.

Table 1. The pseudo code for roulette selection

Input: fitness; population size(sizepop)
Output: the selected individual j
Fitness = 1./ fitness;
Sumfitness = sum(fitness);
sumf= fitness./sumfitness;
temporary variablel = 0;
cumulative probability = [];
for i=1: sizepop
temporary variablel = temporary variablel + sumf(i);
cumulative probability = [ cumulative probability, temporary variablel];
end
for i=1: sizepop
temporary variable2 = rand;
for j=1: sizepop
if temporary variable2 < cumulative probability[j]
the j-th individual is the selected individual;
break;
end
end
end

3.3. Crossover

The crossover operation simulates the phenomenon of reproduction in the process of biological
evolution by the exchange and combination of two chromosomes to produce new individuals. We use
random selection to choose the individuals. The corresponding pseudo code for crossover operation is
shown in Table 2. The function of ceil(A) rounds the elements of A to the nearest integers greater than
or equal to A. The function of rand returns a pseudorandom value drawn from the standard uniform
distribution on the open interval (0, 1).

Table 2. The pseudo code for crossover

Input: probability of crossover (pcorss); population size(sizepop)

Output: the newly formed individual

pick = rand;

index1 = ceil(pick.*sizepop);

pick = rand;

index2 = ceil(pick.*sizepop);

pick = rand,;

If pick < pcorss
index1 individual= index1 individual * rand + index2 individual *(1- rand);
index2 individual = index2 individual * rand + index1 individual *(1- rand);

else ;

end

3.4. Mutation

The mutation operation is used to simulate the genetic mutation caused by various accidental factors in
the natural genetic environment, which randomly changes the genes with a small probability. Mutation
operations increase the diversity of the population. Therefore, we can say that the mutation operation
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is helpful for the genetic algorithm to jump out of the local optimum and get the global optimal value
more easily and the corresponding pseudo code for the mutation operation is shown in Table 3. The
function of rand returns a pseudorandom value drawn from the standard uniform distribution on the
open interval (0, 1).

Table 3. The pseudo code for Mutation

Input: probability of Mutation (pmutation); population size(sizepop)
Output: the newly formed individuals
pickl = rand;
if pickl < pmutation
Pick2 = rand;
if Pick2 > 0.5

individual = individual - rand*( individual - lower limit of individual);
end
if Pick2 <0.5

individual = individual + rand*( upper limit of individual - individual);
end

4. Simulated Analysis

4.1. Simulation Example

In this paper, we employ IEEE-9 notes system as simulation example. IEEE-9 notes system contains
three generators and the information of generators is shown in Table 4. The total system load is
315MW.

Table 4. The data of Generators

Generator Pmax(MW)  Pmin(MW) a b c
1 10 250 0.11 5 150
2 10 300 0.085 1.2 600
3 10 270 0.1225 1 335

4.2. The Establishment of the Objective Function

According to the description of genetic algorithm, we find that genetic algorithm can effectively
control variables within the upper and lower limits. However, the problems dealt with by genetic
algorithm are unconstrained optimization problem and the power system economic dispatch problem
involves an equality constraint. We introduce the concept of penalty function to deal with the equality
constraints, and then formula (1) can be rewritten as follow.

N
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Where t is the penalty coefficient.

4.3. Simulation Result

In this paper, we set the maximum number of iterations as 100, population size as 100, crossover
probability as 0.7, mutation probability as 0.03 and the penalty coefficient t as 100. The curve of the
objective function changing with the number of iterations is shown in Figure 1 and the curve of the
violation of the equality constraint condition with the number of iterations is shown in Figure 2. The
optimal results of the IEEE-9 notes system are shown in Table 5.
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Table 5. Simulation results

P1(MW) P2(MW) P3(MW) Total cost($/hr)
81.2579 131.7491 101.9957 5146.4
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Figure 1. The objective function curve

Figure 2. The equality constraint condition
curve

5. Conclusion

In this paper, we first introduced the mathematical model of power system economic dispatch problem.
After that, we introduced the origin of genetic algorithm and detailed the operation of genetic
algorithm. Finally, in the section four, we adopt the method of penalty function to deal with the
equality constraints and give the curve of the objective function changing with the number of
iterations and the curve of the equality constraint condition changing with the number of iterations.
The simulation results show that the genetic algorithm can solve the power system economic dispatch
problem effectively.
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