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ABSTRACT

This paper presents a Real Coded Genetic Algorithm (RCGA) for finding the load flow solution of electrical
power systems. The proposed method is based on the minimization of the real and reactive power mismatches at
various buses. The traditional methods such as Gauss-Seidel method and Newton-Raphson (NR) method have
certain drawbacks under abnormal operating condition. In order to overcome these problems, the load flow
solution based on Real Coded Genetic Algorithm (RCGA) is presented in this paper. Two cross over techniques,
Arithmetic crossover and heuristic crossover are used to solve the power flow problem. The proposed method is
applied for 3-bus, 5-bus and 6-bus systems and the results are presented.
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I. INTRODUCTION

Load flow solution gives the system
performance under the steady state condition. It is the
determination of the power system operating
condition based on the previous knowledge of system
parameters. The purpose of load flow study is
planning the new system or the extension of an
existing system. The load flow solution gives the
nodal voltages and phase angles and hence the power
injections at all the buses can be determined. The
voltage level at the certain buses must be kept within
the limits. The line flows can be obtained. The load
flow studies most likely to be needed for economic
load dispatch, power system stability, short circuit
studies and reliability studies. Each power system bus
is associated with four variables. These variables are
real power (P), reactive power (Q), voltage
magnitude (V) and voltage phase angle (8).To
facilitate this we classify the different buses of the
power system as listed below.

For Load Buses, real power F; and reactive
power @; are specified, |V;land &; are calculated. For
Voltage Controlled Buses, real power F; and V; | are
specified,@; and &; are calculated. For Slack Bus
;| and &; are specified, real power P, and reactive
power @, are calculated. Power flow equations
represent a set of non-linear simultaneous algebraic
equations. There are two famous methods, the Gauss-
Sieidel method and the Newton-Raphson Method
(NR) [1]-[3]. The NR method has rapid convergence
characteristics. However, it has certain limitations [4]
when the power system is under heavy loaded
conditions. The Jacobian of the power flow equation
tends to be singular when the operating condition of
power system is near to ceiling point. A higher

resistance-to-reactance ratio (R/X) may complicate
the load flow convergence, if any extra load is
imposed on system beyond the limits voltage collapse
may occurs.

To overcome these limitations of the
traditional NR method, the proposed Real Coded
Genetic Algorithm [5] is introduced. Two cross over
techniques, Arithmetic crossover and heuristic
crossover are used to solve the power flow problem.
The proposed method is applied for 3-bus, 5-bus and
6-bus systems. The output results of RCGA have
been compared with the NR method.

Il. PROBLEM FORMULATION

Consider an interconnected power system
where there are load buses, generator buses and one
slack bus. The voltage magnitudes for load buses and
voltage phase angles for load and generator buses
must be determined in load flow analysis..The load
flow equations are:
B = VI XE_, V.| V] cos(8; + 85 — &) (1)
@; = =V ZE_ v | Vi sin(Bip + 65 — 67) )
Where F[;l- = |F[R|'£E[Fc

V=Iv: |25

V=W |28,
PFl pFel are calculated values of real and reactive
powers which are obtained by substituting random
values of voltage magnitudes and voltage phase
angles. Real powers mismatches are calculated for
load and generator buses where as reactive power
mismatches are calculated only for load buses. Error
is calculated by using following equation
Error = ZAP? + FAQY ()
Where EPL_:FE&;HH _Pirci

4Q;=Q — gf=!

WWW.ijera.com 522 |Page




Himakar Udatha et al Int. Journal of Engineering Research and Applications

WWWw.ijera.com

ISSN : 2248-9622, Vol. 4, Issue 2( Version 1), February 2014, pp.522-527

The Fitness value F is defined as the square root of
sum of squares of power mismatches.
Fit (i) =y (2 AP* + £ AQF)  (minimization)  (4)
Fitl (i) =1/(1+Fit(i)) (maximization) (5)
Where i=1, 2 ... nop

By comparing fitness values of different
random values considered initially the best sample is
determined. Now, modify the random values i.e.,
according to Real-Coded Genetic Algorithm. We
have modified the positions of the chromosome. By
using the two cross over techniques, the
chromosomes are modified i.e., the random values of
voltage magnitude and phase angles are updated.
Now the procedure is repeated for this new
population of random values and best random value
among this new set is determined. This process
repeats continuously until the convergence criterion
is met.

I1l. REAL CODED GENETIC
ALGORITHM

The Real Coded Genetic algorithm proposed
in [5] is used to find the load flow solution. Genetic
algorithms were invented by Holland to mimic some
of the processes of natural evolution and selection.
GA maintains and manipulates a population of
solutions and implements a survival of the fittest
strategy in their search for better solutions. The fittest
individuals of any population tend to reproduce and
survive to the next generation thus improving
successive generations. The inferior individuals can
also survive and reproduce. Implementation of GA
requires fundamental issues: Initial population,
Fitness evaluation, Termination criterion,
Reproduction, Elitism, Crossover and Mutation. Brief
descriptions about these issues are provided in the
following sections.

Initial population: The RCGA operates on a
population of nop chromosomes simultaneously. The
initial population of real number vectors is created
randomly. Each of these vectors represents one
possible solution to the search problem. The
population size needs to be selected based on the size
of search space.

Fitness evaluation: The fitness value for each
member of population is determined. The
performance of the algorithm is highly sensitive to
the fitness values and the fitness value is the only
information available to the GA. As the algorithm
proceeds, we would expect to increase the individual
fitness of the best chromosome as well as the total
fitness of the whole population.

Termination criterion: After the fitness values have
been calculated for each chromosome the next step is

to check the termination criterion. Termination
criterion checks the searching is continue or stop the
search.

Reproduction: During the reproductive phase of the
GA, good chromosomes (parents) in pairs are
selected from the current generation’s population for
producing offspring and placing them in the next
generation’s population. Parents are selected
randomly from the population using a scheme which
favours the more fit individuals. Good individuals
will probably be selected several times in a
generation; poor ones may not be at all. This can be
achieved by many different schemes, but the most
common method is the roulette wheel selection.

Elitism: The best population in the current
generation’s population is copying to the next
generation’s population is called “Elitism”. The
implementation of elitism is arranging the population
in the descending order according to their fitness
value. Here Pe is probability of elitism.

Crossover: The crossover operator is the main search
tool. It mates chromosomes in the mating pool by
pairs and generates candidate offspring by crossing
over the mated pairs with probability Pc There are
many types of crossover techniques available in the
literature

Mutation: After crossover, some of the genes in the
candidate offspring are modified with a small
mutation probability Pm. The mutation operator is
included to prevent premature convergence by
ensuring the population diversity.

IV. ALGORITHM FOR LOAD FLOW
SOLUTION

Step 1: Read the line data, bus data & obtain ¥y
Step 2: Initialize the parameters of RCGA.They are
nop, novloc, noaloc, novv and noav. Where nop is
the initial population size.
novv=no. of voltage variables
noav=no. of angle variables
novloc=voltage locations
noaloc=angle locations

Step 3:mop = novr Initial population for voltage
magnitude is randomly generated between the
minimum and maximum limits i.e., ¥y 818 V.

Step 4: MPP X MOAY |nitial population for voltage
angles is randomly generated between the minimum

and maximum limits i.e., Gmin and dmr.
Step 5: Obtain the calculated values of F;andJ; by
using (1)&(2)
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Step 6: find out the AF; and AQ;
AR=ETT — P ®)

4Q=Q — gf* (7)
Step 7: calculate the error using the equation
Error = ZAP? + T AQ?

Step 8: find out the fitness value of each population
by using the equation (5).

Step 9: Arrange the population in descending order
according to their fitness values.

Step 10: The best chromosomes are directly copied
to the next generation population to perform the
elitism with a probability of Pe, for both voltage
variables and angle variables.

Step 11: Parents are selected in pairs by using the
roulette wheel selection technique based on their
fitness values.

Step 12: Crossover is performed using the two
crossover operators. These two crossover operators
are the arithmetic crossover and the heuristic
crossover. A random number r is generated between
zero and one. If the random number r is less than 0.5
then arithmetic crossover operator is used to produce
the offspring, otherwise heuristic crossover operator
is used to produce the offspring.

Arithmetic crossover

Arithmetic crossover technique linearly
combines two parent chromosomes to produce two
new offspring. Two offspring are created according
to the following equations.

Offspring,= a X parent; + (1 — a) x parent,
8)
Of fspring; = (1 — a) x parent, + a X parent,
9)
Where a is a random number between zero and one,
which is generated before each crossover operation.

Heuristic crossover

A new heuristic crossover operator is
proposed based on the evolutionary direction
provided by each parent, the fitness ratio of best
chromosome and each parent, and the distance
between the best chromosome and each parent. The
crossover operator can improve the convergence
speed of RCGA by using the heuristic information

[5].

h Dnew = Ky X h(L Joia + Kz X K3 X
{_.'_:-a.‘-’e nt (1_;' - parml:{:.j}} (10)
Where h(i.jln=e IS the latest value of heuristic
crossover operator of jth gene of ith parent
h{i,jlzais the old value of heuristic crossover
operator of jth gene of ith parent. Initially (i, )z is
set to zero for all genes of all the chromosomes.
h(i. lnze must be within the limits of (—h(i. /)™ )
and k(i j1™*. Where h{i, j/™* is the maximum
allowable step size.

—h(LJ)™ 2 B naw < hC ™ (1)
ky ={kpe* - [(&p=> — k7™) x ¢/T]} (12)
K, is the adjustable coefficient between K7"** and
K{n[n

t is the current iteration (generation) number

T is the maximum number of iterations

K, is the random number between zero and two

K is the ratio of best fitness and fitness of i** parent
parent (1,7} is the j** gene in the best chromosome
parent (i, /) is jth gene of ith parent

Of fspring (i, j) = parent (L.j) + h(i./)new  (13)

Each gene of offspring is produced from each gene
of parent using the equation (11).

Step 13: check the iteration count is greater than
iteration maximum or not. If it is greater than
iteration count then go to stepl14.

Step 14: After performing the elitism and crossover
operators, the new population is generated from the
old population. In this present work mutation
operator is eliminated. Go to step 6 to repeat the same
procedure.

Step 14: Stop the procedure and print the results.

V. SIMULATION RESULTS
The effectiveness of the proposed Real
Coded Genetic Algorithm is tested for three, five and
six bus systems. Line flows of test system are given
in appendix.

Three- Bus System

Comparative results of voltage magnitude,
phase angle and total Real and Reactive power losses
of Newton Raphson method [1] and RCGA for 3-Bus
System are shown in Table 1.
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Table 1. Results of 3-bus system

Variable RCGA NR
Method Method
V3 (p.u) 0.9717 0.9717

Va (p.u) 1.04 1.04
Gz (deg) -2.6965 | -2.6965
{3 (deg) -0.4988 | -0.4988
Froral Loez (MW) 18.423 18.423
'?T otal Lozs (MVAR) 37.028 37.028

Five-Bus System

Comparative results of voltage magnitude,
phase angle and total Real and Reactive power losses
of Newton Raphson method [3] and RCGA for 5-Bus
System are shown in Table 2.

Table 2. Results of 5-bus system

Variable RCGA Method NR Method
¥ (p.u) 1.0474 1.0474
Va(p.u) 1.0242 1.0242
¥ (p.u) 1.0236 1.0236
Vs (p.u) 1.0179 1.0179
&4 (deg) -2.8064 -2.8064
&3 (deg) -4.9970 -4.9970
&4 (deg) -5.3291 -5.3291
&z (deg) -6.1503 -6.1503
P’."nr:i:.,m.s (MW) 4.587 4.587
'?’." craizozz (MVAR) -17.421 -17.421

Six-Bus System

Comparative results of voltage magnitude,
phase angle and total Real and Reactive power losses
of Newton Raphson method [15] and RCGA for 6-
Bus System are shown in Table 3.

Table 3. Results of 6-bus system

Variable RCGA NR Method
Method

V. (p.u) 1.05 1.05
Va2 (p.u) 1.07 1.07

7 (p.u) 0.9894 0.9894

Vs (p.u) 0.9854 0.9854

& (p.u) 1.0044 1.0044

G (deg) -3.6712 -3.6712

& (deg) -4.2733 -4.2733

G4 (deg) -4.1958 -4.1958

G (deg) -5.2764 -5.2764

G4 (deg) -5.9475 -5.9475
Provat Loss (MW) 7.876 7.876

Qrorai zozz (MVAR) -30.061 -30.061

V1. CONCLUSIONS

This paper presented a method to find load
flow solution using Real Coded Genetic Algorithm.
Two cross over techniques Arithmetic and heuristic
crossover techniques are used. The proposed method
is applied to 3-bus, 5-bus and 6-bus test systems and
results are obtained. The RCGA searches the optimal
solution in an iterative manner. Finally the results are
compared with the results of NR method. The result
indicates that this method is an alternative for finding
the load flow solution.
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APPENDIX

Line Flow And Losses For 3-Bus System Using RCGA Method

FROM TO P Q FROM  TO P Q LINE LOSS
BUS BUS (MW)  (MVAR) BUS BUS (MW) (MVAR)  mw MW

1 2 179.362  118.734 2 1 -170.968  -101.947 8393  16.787

1 3 39.061 22118 3 1 -38.878  -21.569  0.183  0.548

2 3 -229.032  -148.053 3 2 238.878  167.746  9.847  19.693

TOTAL LOSS  18.423 37.028

Line Flow And Losses For 5-Bus System Using RCGA Method

FROM  TO 3

BUS BUS (MW)
2 88.864
3 40.723
3 24.694
4 27.936
5 54.823
4 18.874
5 6.333

A OWOWMNMNNDNPRE P

Q FROM

(MVAR)  BUS

-8.579
1.158
3.546
2.962
7.343
-5.202
-2.285

OO WWN

TO
BUS
1

1
2
2
2
3
4

P Q
(MW)  (MVAR)
-87.453 6.149
-39.531 -3.014
-24.343 -6.784
-27.495 -5.928
-53.698 -7.167
-18.838 3.212
-6.302 -2.833
TOTAL LOSS

Line Flow And Losses For 6-Bus System Using RCGA Method

FROM TO 3
BUS BUS (MW)
1 2 28.690
1 4 43.585
1 5 35.601
2 3 2.930
2 4 33.091
2 5 15,515
2 6 26.249
3 5 19.117
3 6 43.773
4 5 4.083
5 6 1.614

Q
(MVAR)

-15.419
20.120
10.255
-12.269
46.054
15.353
12.399
23.174
60.724
-4.942
-9.663

FROM
BUS

SOOI U O, WO AN

TO P Q
BUS  (MW) (MVAR)
1 -27.785  12.819
1 -42.497  -19.933
1 -34.527  -13.450
2 2890  5.728
2 -31.586  -45.125
2 -15.017  -18.007
2 -25.666  -16.011
3 -18.023  -26.095
3 -42.770  -57.861
4 -4.047  -2.785
5 1565  3.872

TOTAL LOSS

LINE LOSS
MW MVAR
1.410 -2.431
1.192 -1.855
0.352 -3.238
0.441 -2.966
1.125 0.176
0.036 -1.990
0.031 -5.118
4.587 -17.421
LINE LOSS
MW MW
0.905 -2.600
1.088 0.188
1.074 -2.195
0.040 -6.541
1.505 0.929
0.498 -2.653
0.583 -3.612
1.094 -2.921
1.003 2.863
0.036 -1.727
0.050 -5.791
7.876 -30.061
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