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Abstract

The paper presents the neural network approach to the
prediction of 24-hour load consumption in the power
system. Two different structures are studied: the co-
nventional Kohonen network and the extended form of
selforganizing network taking into account the activi-
ty of both winner and neighbouring neurons (so cal-
led fuzzy selforganizing network). These methods have
been combined with the multilayer perceptron appro-
ach to the prediction of mean and variance of the load.
Thanks to such solution the average accuracy of the po-
wer consumption prediction for the power system may
be greatly improved. The method based on selforga-
nization is universal, flexible and easy for use in any
power system.

Introduction

The improvement of the system economy is the motiva-
tion for the daily forecasting of the load of the electric
power system in the country. A lot of methods have
been developed for this purpose [?, 7, 7 7 7 ?]. The
most known are the methods based on the statistics
and linear regression approaches. Recently a great inte-
rest 1s in the application of neural networks. Multilayer
perceptron, recurrent networks as well as selforganizing
neural networks are the most important representati-
ves of this group. Recently [?] we have proposed the
method based on the Kohonen network used for 24 ho-
ur load prediction. This paper is the continuation and
generalization of this research.

First we will propose the improved method of the
prediction of the mean and variance of the daily load.
It 1s based on the application of the multilayer per-
ceptron and supervised learning. Thanks to this the
accuracy of prediction may be significantly improved.
Secondly we propose more advanced profile prediction
techniques. Instead of simple Kohonen network repre-
senting the output signal by the winner only we propose
here the extension of it, taking into account the activity
of not only the winner but also the neighbouring neu-
rons. The results of the numerical experiments, concer-
ning prediction of the load for the Polish Power System
will be given and discussed in the paper. They show

the significant improvement of the proposed method in
comparison to the previously used.

General description of method

The selforganizing neural network is a single layer
neural network, working in a competitive mode. The
detailed treatment of this structure as well as the va-
riety of the learning algorithms can be found in many
textbooks and papers [?, ?] and will not be mentioned
here.

The idea of applying selforganizing networks for lo-
ad forecasting has been presented, among others in
[?, ?]. To make the prediction independent on the ge-
neral trend, changing from year to year, the input data
(the real consumption of power at different hours of the
day) is transformed to the so called profiles p(d,t) [?]
by cutting out the mean value and dividing the result
by the variance of the data for this day. The profiles
are defined in the following way

P(dat) — Pm(d)

where P(d,t) is the real load of dth day at tth hour,
Pp(d) is the mean value of the load of dth day and
o(d) is the variance of the power consumption of this
particular day. The days of the same type belonging
to the same seasons of the year have similar profile
characteristics and form clusters, grouping the similar
data. Each cluster is represented by one neuron acting
in the competitive mode.

The learning data for the selforganizing network is
composed of a set of profiles of the past years. The ne-
twork is trained using one of the learning algorithms
(neural gas, Winner Takes All with conscience mecha-
nism, classical Kohonen algorithm [?]) and as a result
of learning each neuron of the net represents the data
closest to its weight vector in the chosen metric space.
This is so called classical Kohonen neural approach. In
more advanced representation of the data we take into
account not only the activity of winner but also of the
neighbouring neurons. In such case the data is repre-
sented by the weights of the winner and some limited



number of neurons closest to the winner, while each re-
presentation is weighted by the so called membership
function, like it is in the fuzzy systems.

In either case after learning, the weights of the neu-
rons are frozen and the results of analysis memorized.
The system 1s ready for the retrieval mode. If we now
want to make prediction for 24-hour load of the parti-
cular day of the year we simply take the reversed form
of equation (?7?). Substituting p(d,t) by its estimation
p(d, 1), delivered by the selforganizing neural network,
we get

P(d,t) = o(d)p(d, 1) + Pr(d) (2)

However two problems remain to be solved now. One
i1s the accurate prediction of the profiles on the basis
of activities of neurons of the neural network and the
second — good estimation of the mean and variance for
the particular day.

Prediction of the daily mean and
variance

The correct prediction of the mean and variance for
the particular day is an important factor in accurate
prediction of the load. Our previous solutions [?] were
based on either the mean of these values for the same
types of day in the past or on the linear regression mo-
del. In linear model of prediction we take into account
the appropriate, values from the last 4 years. Let us
denote by P, (d,y) the mean load of dth day of the yth
year. Then the linear prediction of it i1s given in the
form

Pon(d,y) = ay+b (3)

The coefficients @ and b are obtained from the solu-
tion of quadratic programming problem, for which the
minimized cost function is defined as

i+3
E = Z [(ak +b) — Po(d, y)] wi (4)

In this formulation wy 1s the weighting coefficient ad-
justed for each year, where we have taken 4 last years
in definition of E. Solving this quadratic problem we
get
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Different simulations have been made to find the best
values for weighting coefficients wy. As a result of these
experiments we have assumed w; = 1 for the data of
actual year, wo = 0.9, wg = 0.7, and wy = 0.5 for
the previous years, respectively. Similar estimation is
repeated for the variance o.

Although the linear fit provides better accuracy of
mean and variance prediction 1t still suffers the limi-
ted accuracy. In this paper we propose the nonlinear
estimation based on the application of the multilayer
perceptron for the prediction of the mean and variance
of the day. On the basis of observation of the appro-
priate values in the data set, we noticed the correlation
of present value with the appropriate values from the
closest past. In our model we take the input vector to
the network containing 9 nodes, representing the mean
(variance) of the days of the previous years, actual se-
ason of the year and type of the day. The type of the
day may be coded in one node (0 - holidays, 1 - work-
days). The code for the season takes two nodes. We
have assumed: 11 for winter, 01 for spring, 00 for sum-
mer and 10 for autumn. The destination is associated
with the predicted value of the mean (variance) for dth
day. The particular structure of the proposed feedfor-
ward neural network for prediction of mean or varian-
ce is shown in Fig. 1. The number of hidden neurons
has been chosen on the ground of good generalization

Season of

the year

Figure 1: The structure of the MLP network used for
prediction of the mean and variance

ability requirements of the network. Many numerical e-
xperiments have shown that the best number of hidden
neurons for this case i1s equal 5 and this number was
applied in prediction.

The network has been trained and tested on the ava-
ilable data of the Polish Power System from the years
1990 - 1995. The data of 1995 has been used only for
testing. Fig. 2 presents the results in the form of MA-
PE (Mean Absolute Percentage Error) for prediction
of mean and variance for these years. Fig. 2a is the
distribution of MAPE errors for mean and Fig. 2b for
the variance. Comparing these results with the classical
statistical approach we notice the great improvement,
especially for the mean values, where the MAPE error

has been reduced below 2.5%.
Prediction of the profiles

In the classical approach presented in the past we
estimated the profiles averaging the winner vectors for
this particular day from the past, i.e.,

Yizi kaiwi

B(d) = > iy ki
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Figure 2: The MAPE errors of prediction of the me-
an (left) and variance (right) of the power for Polish
Power System within the years 1990 - 1995

where kg; 1s the number of appearances of ith neuron a-
mong the winners in the past for this particular day. In
this paper we propose the application of fuzzy selforga-
nizing approach. It is also associated with the one-layer
selforganizing network, however this time in prediction
process we take into account not only the winner but
also the activity of some loosers, closest to the winner.
The learning phase is performed in the same way as it
was done in the first case (neural gas algorithm). Ho-
wever as a result of learning we memorize not only the
winner but also some limited number ¢ (in practical im-
plementation we assumed ¢ = 5) of neurons closest to
the winner. At the same time we keep also their relative
activities, that represent the membership values.

If the activities of the winner and the neighbouring
neurons are denoted by u, and wu; respectively, we in-
troduce their relative activities, that are defined by

yp= el (6)
This value for the winner is y, = 1 and for all other
neurons 0 < y; < 1. The coefficient « is the decaying
parameter of this transformation. On the basis of the-
se distributed activities of neurons we can define the
memebership value of ith neuron at the presentation of
the input vector x in the form

Yi
Wi = =g — (7)
Zgzl Yi

The phase of prediction i1s performed in the similar way
as 1t was done in the first solution, however this time we
take into account not only the winners but also their
neighbours and their relative acitivities, described by
ti- As a result the prediction of the profile vector for
any dth day is given in the form

— Z?:l ‘(7]':1 /’LEZJZ)WZ(])

Z?:l ‘(7]':1 /’LEIJZ)

p(d) (8)

The parameter /’LEl]i) denotes the membership value of
jth neuron taking part in prediction of the load for dth
day and 7 is the notation of the particular day of the
previous years taking part in the prediction process.

The number of past days influencing the prediction is

denoted here by n. The relations (??) - (?7) resemble
the fuzzy relationships, thus the method is called fuzzy

a1 R o

aelstra 0 Tt o

BHIERD

A

MAPE %1

Figure 3: The MAPE (left) and mazimum (right) er-
rors of profile prediction of the power for Polish Power
System within the years 1990 - 1995 (CS0O - Classical
and FSO - Fuzzy SelfOrganization)

ximum errors of the profile prediction for Polish Power
System within the years 1990 — 1995. As it is seen the
maximum MAPE error of prediction of profiles using
FSO (year 1995) was still below 2.5% and minimum is
1.8%. It is much better than the best results obtained
using the classical method of prediction based on the
Kohonen network.

Results of numerical experiments

The numerical experiments have been carried out on
the data of the Polish Power System and used the real
data for years 1986 - 1995. The data have been first
converted to the profiles and these profiles have been
used in training of the network. The Kohonen network
of 100 neurons has been used in experiments. The we-
ights of each neuron or the activity of neurons (in the
case of fuzzy selforganizing network) represent the pro-
file vector corresponding to the energy consumption of
the particular day of the year.

Table 1: The MAPE errors of final prognosis

| Date | CSO | FSO |
1990 | 2.64% | 2.44%
1991 | 2.38% | 1.84%
1992 | 2.42% | 1.94%
1993 | 2.73% | 2.26%
1994 | 2.48% | 2.14%
1995 | 2.86% | 2.45%

On the basis of predicted profiles the final prognosis
for 24 hours is made by applying equation (??). The
important point is to estimate the mean value P, (d)
of the power of the particular dth day and the variance
o(d) for the same day. These have been done by using
the multilayer perceptron approach, presented in the
previous section.

Table 1 presents the obtained results in the form of
MAPE (Mean Absolute Percentage Error) and table 2
the maximum errors for the years 1990 - 1995. The data



corresponding to 1990 - 1994 have been used also in le-
arning phase while 1995 was used only in testing mode.
The first column of data denotes the year of prediction,
second column - the results of classical selforganizing
network (CSO) applying rule (?7) for prediction of pro-
files and the third column - the fuzzy selforganizing
network (FSO) based on the equation (77?).

Table 2: The maximum errors of prognosis

| Date | CSO | FSO |
1990 | 23.49% | 21.98%
1991 | 21.03% | 19.62%
1992 | 22.07% | 20.48%
1993 | 20.79% | 19.11%
1994 | 24.03% | 20.13%
1995 | 20.87% | 19.87%

As it 1s seen, in all cases both MAPE and maximum
errors have been reduced by applying more sofisticated
methods of selforganization. The relative improvement
of accuracy is in the range of 7-15%. It is important
that the accuracy of prediction is satisfactory from the
practice point of view. Also the maximum errors of pre-
diction are acceptable.

Very interesting is the distribution of 24-hour pre-
diction of power for different seasons of the year. Fig.
1 presents chosen curves of the load prediction for four
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Figure 4: The load curves of the days forming the base
for prediction of the load for 4 different days of the year

different days belonging to different seasons of the year,
taking part in prognoses. The solid lines represent the
final prediction and the dot lines show the variability of
the loads corresponding to the days taking part in final
prediction. The prediction (solid line) is the result of
the weighted average of the dotted lines and the actual
trend. As it is seen from the figures the prediction of
the data follows the real load changes and the discre-
pancy between both curves is acceptable, especially for
workdays.

Conclusions

The paper has presented selforganizing neural ne-
twork approach to the short term load forecasting in
the power system. The obtained average accuracy is a-
bove the level of 97% and exceed both classical method
and multilayer perceptron approaches. The method ba-
sed on the so called profiles is universal, flexible and
insensitive to the global changes following from the de-
velopment of the economy of the country.

It can be used for prediction of the energy consump-
tion at any date ahead (even one year ahead). The ac-
curacy of prediction is dependent on the availability
of the past data. The network can be retrained any
time with the additional actually obtained data base,
allowing in this way to refresh the weights and adapt
the system to the new conditions of the power system
performance.
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