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Abstract

Load flow studies are imporiant in power system planning, contrel and
aperating strategies when applied in real time mode. Comparative study
between different load flow solution methods [the (Newton Raphson (NR), Fast
De-coupled (FD)) conventional methods and Artificial Neural Network (ANN)
method] is carried out. Feed Forward model of the neural network based on
Ervor Back propagation (EBP) algorithm has been used for load flow problem
and, 2 method tested using one of the Iraqi National Grid Systems,

A computer program was performed using MATLAB software program in
order to design the system that is used to enter the sample values of the power
system umits.

The result of the stady shows an efficient technique to be used for getting the
difference in time rate of the final processing reveal that ANN showed good
efficiency in the process of deriving results from the two conventional methods
to the same input data. The simulations of the propesed approach are
presented,
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1. Introduction
In power systems, load flow

calculation is basic and necessary. In
most cases load flow is the solution
for static operating conditions of an
electric power system and is required
for power system planning, operation
and control. Much has been written in
the past on the subject of load flow
problem analysis,

Georgios, L., in [1] presents and
develops an approximate lincar
solution for the load flow equations
and then a fast linear load flow
solution method was deduced. The
approximate linear solution of load
flow equations that is developed and
proved mathematically is used as the
initial value for the Gauss-Siedel (GS)
and fast de-coupled (FD) load flow
numerical methods.  Since  the
approximate linear solution is very
close to the actual one, this helps the
above mentioned methods to converge
faster than giving another initial
value. Typically, their iteration
number is halved.

Monticelli, A., etal in (2] they
present a new framework that allows
svstematic studics on the hypothesis
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of versions of the fast de-coupled load
flow method. De-coupled is not seen
as merely zeroing coupling sub
matrices of a full Newton Jacobian
matrix. Instead, it is treated as an
intelligent two-step procedure that
solves the full Newton iteration
equations without extra
approximation, a completely new
derivation of the standard fast de-
coupled method is presented.

Taivou, Y., etal, in [3] suggest a
very efficient way to formulate power
system problem, and further to
calculate the Jacobian and Hessian
matrix of power flow and line flow
equations. By analyzing the structure
of related matrices, based on the
developed model, optimal power flow
problem is solved by Newion-
Raphson method. Sparse techniques
are applied in the formulation and
calculation. The results from tested
cases show the efficiency formulation
and make large power system
calculation easier.

Izudin, D., et.al in |4] have modified
the standard NR method for the
solution of load flows ill-condition
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power systems and presents a new
approach for constructing and solving
quadratically convergent algorithms.
This approach covers the case of
regular solutions, So it can be viewed
as a natural generalization of NR
method.

This work depends upon two
conventional methods (NR and FD)
load flow methods in addition to using
ANN algorithm, which s EBP
algorithm. Then a comparison among
them all was executed. The program
mentioned in this work is capable of
dealing with one of the Iraqi National
Grid System, which is composed of
(19) busbars in Figure (3).

2, Research Problem

The problem of this work is solved
through design and implementation of
computer software programs on load
flow analysis in electrical power
system using conventional methods
and intelligent method (ANN) , and
then study load flow under load
variation in one day period.

The utilizer of the computer
software program should have some
degree of expertise in: -
|, Elements of the electrical
power system and the measured
parameters of these elements.

2. Types of busbars.

3, Artificial Neural Network

ANN is an information-processing
system that has certain performance
characteristics in common with
biological neural networks. One of the
main advantages of the ANNs 15 that
they inter salutions from data without
prior knowledge of the regularities in
the data, they extract the regularities
empirically [S]. ANNs are essentiaily
a computational model, artempting to
achieve good performance via large
interconnections of simple
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computations elements The models of
ANNs were inspired by the capability
of the brain to “leamn™ patterns via
recognition and “respond” to patterns
hither to unknown based on what it

has  already  learnt  through
exposure [6].

A variety of ANN confirmations have
been  developed for  different
applications, one of the most popular
ANN configurations  is  the

feedforward Error Back propagation
(EBP) network. The EBP is gradient
descent error correcting algorithm,
The algorithm updates the network
weights in such a way that the
network outpul error is minimized.
This work consists of one input layer,
two hidden layers and one output
layer as shown in Figure (1).

A typical operation of this ANN can
be classified into (wo stages: a)
training stage and b) testing stage.
The training stage is conducted by
using various training data sets that
include the respective inputs and the
corresponding desired outputs. The
initial network connection weights are
set 10 equal small random numbers.
Afier the network is properly trained,
the testing stage will start. In this
stage, a set of test data is applied to

the  network.  Afterward,  the
performance of the network s
analyzed (7).

4. Application of neural network
system for load flow calculation:

4.1 Learning algorithm:

In this study, we coastruct multi-input
and multi-output in each layer and the
connections from the output layer to
the input layer do not exist in the
neural network system. This neural
network system is learned by: Error
Back propagation algorithm_(EBP)
learmming consists of two passes
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through the different layers of the
network: forward pass and backward
pass as show in figure (2a, 2b).
During the forward pass the synaptic
weights of the network are all fixed.
During the backward pass, on the
other hand, the synaptic weights are
all adjusted in accordance with an
error — correction rulef8,9].

4.2 Power system to be learned:

The potential of the neural network
based model to solve the ac load
flows was tested on a sample of 19-
busbar system. The 19 busbars system
as shown in Figure ( 3 ) has one
generator bus considered as slack
busbar with voltage fixed at 1<0 and
13 load (P-Q) busbars and 5 generator
{(P-V) busbars . The bus admiitance
value is shown in table (1) for the
system at J00MV A base.

The neural network model developed
for 19 busbars system was trained to
provide the walues of voltage
magnitude and angles as output at |3
load bushar for the input values of
active and reactive power, voltage
angles and reactive power as output at
5 generator busbars for the input
values for real power and voltage
magnitude . The model has (36-50-80-
36)., For this system model we
consider the convergence conditions
when  the activation function is
tangent sigmoid function and the
number of units in the hidden layers is
changed in the two layers system
shown in Figure (4). The learning rate
(n) used in this work = 0.00010409
and the momentum (a)= 0.9 .

S.Simulation study:

An important term should be defined
before finding out the results, it is
going to help in specifying the results
and this term is the Recognition Rate
{R.R). The Recognition Rate is the

Designing ANN For Load Flow In Electrical
Power Systems Lsing ERP Algorithm

1355

percentage of the number of patterns,
which are classified properly into a
number of complete patterns.

After training the neural network on
the patterns models and the network
acquires the main properties of these
patterns, then the neural network
should be tested by using the
unknewn patterns which have not
been included in the neural network
training ns in table (2). Then these
patterns are prepared for training
procedures in order to specify the
ability of network to check or analyze
the trained patterns as in table (3) and
table (4).

The increase in the number of epoch
of training the neural network impacts
directly the increasing in the
percentage of specifying the network
to test patterns. Whenever the training
time is large, that means the epoch
number is high, then the specifying
average increases. But training time
increase is not of great benefit in the
first stages of epoch where time
consuming is of no use. And this
impact can be seen in the Figure (5).
Here in table (5) shows the change in
the Recognition Rate when the period
of training time of leaming the
general patterns is increased.

6. Conclusions:

l. The  proposed  approach
requires much less computation time
compared with that for an

optimization process as in Figure (3).
Therefore, it is suitable to be used for
on-line implementation of load flow
calculations even for a large
distribution system.

2.  The possibility of detecting
the load variation error with high
percentage after training the neural
network on most of the error
properties in comparison with old
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methods which couldn't detect and
analyze errors,

3. The properties of an activity based on
the efficiency of the training methods
which are used to derive these
properties by the training method of
EBP are good because the two
properties (recognition and
distinguishing) are maintained.

4, The applied trial and error
method that is used to specify the
standard features of the neural
network lead to achieve a good
recognition rate after implementing
the designing procedure of the
network in the final stage as in
figure (6).
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Table (1): Input data for the test at 19 busbars.
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Table (2): Input data for the test at 19 busbars
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Table (3): Output data for the test.
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Table (4): Output losses for the test
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