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ABSTRACT: The optimal power flow (OPF) problem has been intensively studied and widely used in power system
operation and planning. In the past few years, so many optimization methods such as Genetic Algorithm (GA),
Evolutionary Programming (EP) have been applied to solve the OPF problem. In particular, Differential Evolution
Algorithm (DE) is a newly proposed population based stochastic optimization algorithm. The results showed that
performance of the proposed approach is better than that of the standard GA.
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I.LINTRODUCTION

Optimal Power Flow (OPF) is a powerful tool in planning and operation of a power system [1]. The OPF problem can
be described as the optimal allocation of power system controls to satisfy the specific objective function such as fuel
cost, power loss, and bus voltage deviation. The control variables include the generator real powers, the generator bus
voltages, the tap ratios of transformer and the reactive power generations of VAR sources.

In the OPF problem there is a large constrained like nonlinear non-convex optimization problem [1]. To solve this type
of problem consider a number of conventional optimization techniques such as nonlinear programming (NLP) [2],
quadratic programming (QP) [3] and linear programming (LP) [4] have been applied. All of these mathematical
methods are fundamentally based on the objective function to find the global minimum. The proposed approach is
applied to the fuel cost minimization problem of an IEEE 30-bus power system.

I1.DIFFERENTIAL EVOLUTION ALGORITHM

Differential evolution is proposed by Kenneth V.Price and R. Storn in 1995[5-7] while trying to solve the polynomial
fitting problem. It stems from the genetic annealing algorithm which was also developed by Kenneth V.Price troubled
by slow convergence of genetic annealing algorithm and the difficulties it faced in determining effective control
parameters, Price modified genetic annealing algorithm by using real code with arithmetic operations instead of binary
code with Boolean operations. During this process, he discussed the differential mutation operator which was later
shown to be the key to the success of differential evolution.

Differential evolution is a very simple but very powerful stochastic global optimizer. Since its inception, it has proved
to be very efficient and robust technique for function optimization and has been used to solve problems in many
scientific and engineering fields.

Evolution Mechanism

Classic differential evolution involves two stages: initialization and evolution. Initialization generates an initial
population P°. Then P evolves to P!, P* evolves to P?... until the termination conditions are fulfilled. While evolving
from P" to P™?, the three evolutionary operations, namely, differential mutation, crossoverandselection are executed in
sequence.
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A. Initialization

Before the population can be initialized, both upper and lower bounds for each parameter must be specified. b, and by
for which subscripts L and U indicate the lower and upper bounds, respectively. For example, the initial value (g = 0)
of the j" parameter of the i" vector is

Xjio =rand;(01).b ;, —=b; )+b;, )
The random number generator rand;(0, 1) returns a uniformly distributed random number from within the range [0, 1],

ie.0< rand ] 1) <1. The subscript j indicates that a new random value is generated for each parameter.

B. Differential Mutation

Once initialized, differential evolution mutates and recombines the population to produce a population of Nptrial
vectors. Equation (2) shows how to combine three different, randomly chosen vectors to create a mutant vector v; 4

Vig = XrO,g + F(X rig Xr2,g) (2)

9
The scale factor F € 02, is a positive real number that controls the rate at which the population evolves.
C. Crossover
To complement the differential mutation search strategy, differential evolution also employs uniform crossover. In
particular differential evolution crosses each vector with a mutant vector

" ={vi,g if (rand;(0,1) < Crorj = jrana ) 3)
Lg

Xig Otherwise .

The crossover probability C. €[04] i 4 yser-defined value that controls the fraction of parameter values that are copied
from the mutant.
D. Selection
If the trial vector u;q has an equal or lower objective function value than that of its target vector X it replaces the
target vector in the next generation. Otherwise the target retains its place in the population for at least one more
generation. By comparing each trial vector with the target vector from which it inherits parameters in differential
evolution more tightly integrates recombination and selection than other Evolutionary Algorithms

Koger = { U, if f(u;;) < f(x;;) (4)

’ Xi,g otherwise .

Once the new population is installed, the process of mutation, recombination and selection is repeated until the
optimum is located, or a pre specified termination criterion is satisfied, e.g., the number of generations reaches a pre-set
maximum Qmax.

1.OPTIMAL POWER FLOW PROBLEM FORMULATION

Optimal Power flow (OPF) is allocating loads to plants for minimum cost while meeting the network constraints. It is
formulated as an optimization problem of minimizing the total fuel cost of all committed plant while meeting the power
flow constraints. The variants of the problems are numerous which model the objective and the constraints in different
ways.
The basic OPF problem can described mathematically as a minimization of problem of minimizing the total fuel cost of
all committed plants subject to the constraints.

n

MinF (Piy=Y (ai P + b P+ ¢;)P""<=P; <=P;"

i=1
F (Pi)is the fuel cost equation of the ‘i’th plant. It is the variation of fuel cost ($ or Rs) with generated power (MW).The
total generation should meet the total demand and transmission loss. The transmission loss can be determined from
power flow.

n
Y Pi=D+P;
i=1

The equality constraints are the nonlinear power flow equations which are formulated as follows
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Np
P;rf —F; —Vrz VjY;j cos(8, _gj —‘py)= 0 'i=15“-5Ng

=l

Ny
Ou =04 =V.) V,¥sin( 6,-6,-9,)=0i=1--,N,

j=1
Where Py and Qg; are the active and reactive power generations at bus i ,Pg and Qg are the active and reactive power
demands at bus i ,V; and V; are the voltage magnitudes at buses i and j respectively; 0; and 6; are the voltage angles at
buses i and j respectively; ¢; is the admittance angle; Yj; is the admittance magnitude; and b N is the total number of
buses.

IV.RESULT AND DISCUSSION
The proposed DE was tested on the IEEE 30-bus system as shown in Figure. 1 with quadratic generation cost curves
for minimizing the total fuel cost. The IEEE 30 bus system consists of 30 buses and 41 branches. It also has a total of
15 control variables as follows: five unit active power outputs, six generator-bus voltage magnitudes, and four
transformer-tap settings.
Table | gives details of the generator data and coefficients of quadratic generation cost curve. Table Il gives the
simulation parameters and Table I11 shows the optimization results.
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Fig.1. IEEE 30 bus system
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TABLE |
GENERATOR DATA AND COST COEFFICIENTS
Bus No | P;™" | P; ™ Cost coefficients
a b c
1 50 200 0.0 2.00 0.00375
2 20 80 0.0 1.75 0.01750
5 15 50 0.0 1.00 0.06250
8 10 35 0.0 3.25 0.00834
11 10 30 0.0 3.00 0.02500
13 12 40 0.0 3.00 0.02500
TABLE Il
THE SIMULATION PARAMETERS
Differential Evolution Algorithm
Max iteration 200
Population 50
Crossover rate 0.9
Mutation rete 0.8
TABLE 11111

OPTIMIZATION RESULTS

UnitNo | Bus No | Proposed DE
1 1 176.7810
2 2 48.6964
3 5 21.5280
4 8 21.5527
5 11 12.2153
6 13 12.0000
Total Cost ($/hr.) 801.8446

V.CONCLUSION

Differential Evolution Algorithm (DE) is a newly proposed population based stochastic optimization algorithm by
comparing with other stochastic optimization methods.DE has given good search performance for some hard
optimization problems in real power systems. Many research findings indicate that DEgives better performance. In this
paper, the DE was proposed and applied to the OPF problem. DE provides better performance than the standard
evolutionary algorithms.
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