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ABSTRACT: Today production management is an inseparable part of industry. Optimum usage

from resources and waste of energy preventation.

For more stable salary, have impelled industry to observe the market in an acceptable
manner with reliable methods. Electricity industry as one of the greatest industries in the country
is not only exeption of this rule but also it is in a situation that has an urgent need to load
forecasting. In this article the purpose is that by observing of load data, this forecasting will be
done by intelligent methods in an acceptable manner. to do this, 5 important steps will be covered
upon how to opt didactic network data and positive effect of each step will be shown by simulating

that has done by MATLAB software.

Keywords: load forecasting, expert systems, neural networks, particle swarm algorithm

1-8- INTRODUCTION

Since electrical energy partially has the capability
of storage thus it is impractical to use storage
strategy which exists in several industries such as
automotive industry, because of this, higher or
lesser production of consumable load has
subsequent damages. Production less than
required cause suspension and it would damage
the relevant companies and production more than
required cause wasting of energy an asset in
powerhouses. However, damages resulting from
less production is by far more than high
production, in both cases amount of damages is
undesirable and should decrease to its lowest

amount.

From many years ago, load forecasting have been
regarded between researchers and academic an
important issue hence various prediction
techniques have been suggested in this domain.
This method generally is divided by four
categories as follow [1].

1- Enduse
2- Time use
3- Land use

4-  New methods like neural networks
Different methods have been supplied for load
forecasting instance ARMA [2] and [3], neural
networks [4] and [5], ARMA [6], fuzzy- neural
systems.

These articles have been utilized the combination
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of neural and particle swarm algorithm for
consumable load forecasting.

Forecasting of load will become difficult because
several elements such as weather, economic and
social elements have influence on consumable
patterns of load. One of the most suitable device
for short-term forecasting of electrical load is to
utilize neural networks in order to discover a
mapping between input and output in complex and
non-linear functions.

Neural networks use several designed algorithms
such  as  lunberg-markuardat  algorithm,
gradyatvam algorithm, quasi-newton algorithm,
bfgs algorithm and etc. To discover this mapping
in an optimum way that it leads to local
optimization and / or global optimization.

This article is utilized particle swarm

algorithm (PSO) to discover the global
optimization.
The main concentration of this article is to find in
puts that can improve instruction and includes 5
steps. At first we opt inputs by using statistic
method which leads to effective instruction of
network. At second step hour at third step days and
hours of work, at forth step we study the low. Then
we will represent their effects by simulating. And
finally in fifth step, treatment of network will be
seen by applying all four previous inputs by
simulation.

Data load are consumable load of
TEHRAN city in an optional year which is
measured in hours.

2-8- Neural Networks:

Acrtificial neural networks that their operation is
based on biological neurons specifications are
build up several collective processor elements that
can be considered as a substitution for typical
computational methods . one of the features of
these networks is to discover a mapping between
inputs and outputs. This process is called "training
of nework". Due to parallel structure of neural
networks their pace in computation is actually
good [2].

Main capability of neural networks which caused
their usage on load forecasting is the ability of
these networks in recognition of patterns and how
to contact between inputs and outputs .

Algorithm which use in laminated neural networks
training is propagation algorithm [7].

3-8- Particle Swarm Algorithm

this algorithm was introduced for the first time by
kenedy and eberharh in (1995).

74

This optimization algorithm like other plural
algorithms started to use with random population
that in fact each member isa particle that make
swarm . this collection will move toward the
optimum point in decision space in accordance
with each members velocity and whole collection.
The basis operation of (PSO) is that in every time
each particle adjust it's vicinity. In equation it can
be understood that after every movement of
particles that their place will be chosen random for
the first step, the expense will be computed and
particle which has the best expense will be chosen
as a target for movement of other particles. Other
particle with a vector which consists of two
coefficient c1 and c2 moves toward the particle
with lesser expense which C1 relates to a vector
that moves toward the best expense in previous
iteration and C2 relates to the best expense vector
in the current iteration that all particles coincide
with the best particle by least expense.

X () =X, t)+v, (t +1)
Vit +1) =gV (1) +rcy (X phest, =X, )+ rzcz(igbes( =X (t))

cognition term social term

We utilize (PSO) in this presentation in order to
determine weights and our target function is error
function too that by minimizing that, network
parameters also will be trained. According to
structure of neural network using in this simulation
that is [5 1] and in accordance with the numbers
of network inputs , number of these weights vary.
In this simulation we have used 400 particles for
every variable and number of neural network
iteration have been chosen 150.

4-8- Inputs designation by statistic methods

Forecast of consumable load in network depends
upon factors such as consumable load in previous
hours and days which can be computed by statistic
methods, temperature, hours of works in a week,
religious and national days and etc.

In this article inputs of neural network is
determined by statistic methods , work hours and
weekly  hours of work. The autocerrelation
function is used for statistic analysis and next this
method will be utilized in consumable load of
Tehran city. Consumable load of Tehran city
during one year is shown hourly in figure (1).
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500

o

L L L L L L L L
o 1000 2000 3000 4000 5000 G000 7000 8000 9000
hour

Fig (1): Load of Tehran city during

For statistic analysis autocorrelation of data load
can be found by (CRP) in order to find the
dependency of data from previous one, as you can
see in figures (1, 2, 3, 4) that experience has
been proved this too. Data load that have been
studied 1 hour
,2,23,24,25,47,48,49,71,72,73,120,168,and...

hours before hasle an acceptable dependency.

1 08 0B 04 02 0 02 04 06 08 1
%CF cin

Fig (2): Autocorrelation of data load

Fig (3): Enlarge fig (2)

’ ' L il — |

Fig (4): Values greater than 0.8

We begin the first step for choosing input data by
(XCF) function .at this article we designate those
data of 1,23,24,25,48,167,169 and 336 hours ago
that contain a number greater than 0.8.

At first we carry out simulations with selected
inputs. With 150 iteration and 400 particles. The
result is MSE, =0.0020, MSE, =0.0036 . It

should be said that for better training of network
,all data have been normalized . to compare result
of simulation we utilized not only the portrayal of
simulation results with actual data in the form of
figures but also the square roots of error for
training of data and test that are MSEtr , MSEts
respectively. At this article we accomplish all of
simulations by allocating 80 % of data for training
and 20% for testing .

To have a better view of results , we represent the
results in a 170_hour interval in figure (5). Figure
(5) shows an appropriate network training to
forecast by inputs designation through statistic
analysis.

Further steps also will be proceeded in accordance
with the steps which is mentioned and all inputs of
this step will be applied to network in further steps
for training of network accompanied by new
inputs . and conclusions of this stage simulation ,
will be utilized in further stages . as truly visible
.in further stages also it is feasible to optimize
network training by other inputs.

Load

B0 B0 o0 e00 @0 w0 @ o0 0w
Time(hour)

Fig (5): Results of network training with
selected inputs by method
Statistical data and real data

In order to compare the prior methods, test data
have been used in this article . also we utilized
simulation conclusion in this stage to compare
improvement of results in further methods. The
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important point is that data which are opted among
test data , are those data which are related to days
from Saturday 24" Bahman (13" February)to
Friday 30" Bahman (19™ February).

In 2009 the week which is opted will have
worst forecast because in this week there are
three holidays.

Because of this reason , this is the best test data in
order to present the results from neural network
with proposal inputs .

5-8- Time (hour) input

In order that find a relation between time of load
and neural network and also finding of load for
neural network we also add time to our inputs. We
utilize time of 1 to 24 in order to make a relation
between load and time of load. For better training
of neural network and also difference between
load and time all of inputs has been normalized
between -1 to 1. Results of simulation depicture an
improvement MSEts=0.0017, MSEtr=0.0032

6-8- Input of hour and workday

At this step by attending our data we try to
improve the forecast. At first it is better to look at
data load in one week of a year.

Fig (6): Load in one week

Two points can be seen from figure (6):

1) There is no midweek holiday in the chosen
week. From Saturday to Wednesday which
possess the most consumable power, Thursday
which consider as semi — holiday possess less
consumable load and Friday which is a holiday
possess the least load. We use this to define
workday. And days other than work day.

2) Another point which can be understood by
attending to workdays and typical days other than
workdays that work hour arise in workday
between 8 — 16 and peak load arise in the hour of
20 .By utilizing this point we define work

hour .By putting number 1 at this hour and -1 at
other hours for (the days of the week) and 8-13 for

\A

Thursday simulation can be done.

Load

840 860 880 800 920 940 960 980 1000

Time(hour)

Fig (7): Simulation results with working
hours input

By comparing figures (5) and (7) which represents

reduction of error that is MSE” =0.003 .
Addition of work hour not only cause
improvement and reduction of error at work hour
but also cause the improvement of answer in low
load hour too . at second part of this stage without
work hours parameter involve work days too . we
allocate 1 for days from Saturday to Wednesday
and -1 for Thursday ,Friday and bank holidays . by
simulating we follow results and accuracy of our
designation .

L L L L
a0 860 BE0 800 920 940 960 980 1000

Time(hour)

Fig (8): Simulation results in the
presence of the work day

Result of second part:

Applying of work day causes improvement and
error reduction in work hours and total error will
be reduced too. From figures 5 and 8 it is evident
that adding of work day cause more improvement
on semi-holidays and holidays.

7-8- Input of low load hour

At this step of network training we study another
status to improve network training and decrease
the error of forecasting.

By locking at test dada we can understand that at
7am there is the lowest amount of consumption
and greatest error. This might be due to non-
operating industrial factories and also non-
operating equipment and machines in factories.
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These methods in three previous sections caused
better forecasting in hours and specific days at this
week. At this stage by allocating number -1 to 7am
and 1 to hours other than, it is possible to show that
improvement in this

method that is done by applying of input is by far
better than two previous methods. At this method
MSEtr=0.003 while in two previous methods the
MSEts=0.0027. Figure (9) depicts the results of
training by using this method.

Load

L L L L L L L L
840 860 880 900 920 240 950 980 1000

Time(hour)

Fig (9): Simulation results in the
presence of the entrance at 7 o'clock in the
morning

According to figure (5) and comparing that against
figure (9) we will figure out the improvement of
forecasting in low. Load hour particularly on work
days. Before to get straight into final step lets have
a review on what we have done. At first step ,
fourth part of article by utilizing statistic method
we studied the dependency of data in hours and
previous days which results have been proved
through experience by designating these inputs we
have trained network successfully. Among most
difficult from of load in order to forecast and
reason of this problem is the existence of midweek
holidays at this week. Now we intend to by
simultaneous application of all defined inputs
check that is it possible to have effect of
improvement separately from inputs on network
training.

8-8- Simultaneous application of all defined
inputs in previous stages

In previous stages we saw the effect of every
inputs lonely. At this stage by applying previous
inputs simultaneously. Result of this simulation is
evident in figure (10):

\Al

04

Load

L L L L L L L L
840 860 860 900 920 940 960 980 1000

Time(hour)

Fig (10): Simulation by applying all the
inputs defined in the paper

In this simulation MSEtr=0.0018 which indicating
an appreciable reduction of error and
MSEts=0.0008736.

The result of comparing this part of article against
other parts is that combination of determination
input methods cause a higher degree of
improvement of forecast with respect to the time
that each of methods that have been used

lonely. Till this section of article the thing which
it was very important for us, was that forecast
regarding specific days and holiday have been
studied but we will represent that improvement of
forecast on specific days will have direct effect on
typical days and will cause the improvement of
forecast regarding these days.

——actual
02| prediction
2

Load

K L L L L L L L L L
1000 1020 1040 1080 1080 1100 120 1140 1180

Time(hour)

Fig (11): Simulation results in a normal
week with first stage inputs
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——actual '
g L= pretiction
b

Load

B L L L L L L L L L
1000 1020 1040 1060 1080 100 120 1140 1180

Time(hour)

Fig (12): Simulation results in a normal
week with the last stage entries

By looking at figures 11 and 12 improvement of
load forecasting is absolutely appreciable on
typical days.

9-8- Conclusion

The purpose of this article is to indicate the effect
of inputs application which are stated and to show
that how the proposed elements will effect in this
way in every step we show that recommended
inputs which are exactly resulted in data load
cause improvement in forecasting and application
of these input simultaneously decrease the amount
of error greatly with respect to each of inputs also
it is feasible to make a better result by adding the
number of iterations . finally we have depicted also
that the application of these inputs not only
improve the forecasting of special days and
holidays which are the most difficult part of
forecasting but also affect on load forecasting on
typical days.
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