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Abstract. This paper presents the analysis of the dataset that is the consumption of
electrical power in one household within practically four years in order to find out some patterns,
cyclical or seasonal features or other significant information that allows us to do forecasting of the
future demand with the certain degree of accuracy.
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Introduction

Nowadays practically all European countries while providing energy effective policy are
concerned about reducing the total demand of energy consumption with maintaining the high level
of development. Since the sector of individual consumption is one of the largest consumers of
electric energy, the rational consumption of electricity at home becomes of a great importance.

The first step of rational consumption of electric energy is analyzing the level of electricity
demand in order to predict future demand of electricity with a high degree of accuracy. Forecasting
of the future demand can help making decisions for improving energy efficiency at home, choosing

* From 23.06.2013 on 01.07.2013 Perm National Research Polytechnic University (PNRPU) in collaboration
with the University of Applied Sciences (UAS) Anhalt (Germany) held an International summer school
"Information Management". During the school were conducted master classes by leading professors of UAS
Anhalt, UAS Hamburg, PNRPU, Bauman Moscow State Technical University. Perm and German universities’
students enrolled in the "double degree" program, presented papers on the subject of research at the partner
universities. The best 3 papers presented in this journal.
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the right class of the household equipment. Forecasting is also significant instrument for effective
and rational planning of the budget.

Concrete task

The task to be solved in this paper is to analyze the dataset that is the consumption of
electrical power in one household located in the Clamart, France (southwestern suburb of Paris)
within practically four years (since December 2006 till November 2010) in order to find out some
patterns, cyclical or seasonal features or other significant information that allows to do forecasting
of the future demand with the certain degree of accuracy. The source of the data is the UCI
Machine Learning Repository [1, 2].

Time-series data

The dataset represents the measurements of electric power consumption in one household
with a one-minute sampling rate over a period of practically four years. The data presents different
electrical quantities and some sub-metering values and is a typical representative of a time-series
data that can be defined as a sequence of observed values. One of the most distinctive features of
the time-series is that data is not generated independently; their dispersion varies in time, and
often is governed by a trend and has cyclic components. An observed time series can be
decomposed into three components: the trend (long term direction), the seasonal (systematic,
calendar related movements) and the irregular (unsystematic, short term fluctuations).

Forecasting process

Forecasting is a process of estimating the unknown. It can be defined as the science of
predicting future outcomes. Forecast should be fitted with the following characteristics: it should
be timely, it should be as accurate as possible; it should be reliable; it should be in meaningful
units. In order to do the forecasting process the following steps should be computed [3, 4]:
definition of the purpose of the forecasting;
data preparation;
preliminary analysis;
choosing and fitting the best model;
forecasting;

: evaluation.

Data preparation

For analyzing the consumption of electrical power in the household the following attributes
are required: date, time and active power as an electrical parameter that strongly depends on the
electrical demand. In order to do the preliminary analysis the average daily temperature for each
instance is added to the database. The source is the site with the archive of average temperature
TuTiempo.

In the database there are missing values of about 1,25 % of the rows that were fulfilled with
the previous values using the possibilities of R that is a free software environment for statistical
computing and graphics for different platforms [5].

Preliminary analysis

The good way for understand the data is visualization in order to find out some consistent
patterns or significant trend and to understand whether seasonality is important or if there is an
evidence of some cycles.

With the help of Tableau 8.0 that is a powerful statistic tool for exploration and visualization
of the datasets the graphics for the different time periods are constructed. To aggregate data values
to the required time period the median of the active power is used. For example, figure 1 shows
month graphic of the median of active power in comparison with average temperature.
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Fig. 1. Month graphic of the median of active power with average temperature

The most interesting from the practical point of view is probably the analysis of the day and
week consumption that can be used in the future forecasting. Additionally there is enough data for
doing the forecasting of the future demand; all in all there are 207 weeks and 1442 days in the
observed period.

The results of the preliminary analysis show that active power of electrical demand is
strongly seasonal dependent, some trend can be definitely observed there and also some random
factor influences data distribution.

Decomposition of the data is frequently used for analysing the time-series data that contains
trend, seasonal and the irregular components. Using Tableau 8.0 we receive several smaller
datasets for analysing day and week consumption that have an appropriate form for doing
decomposition. With the help of R the time-series objects with the required length and frequency
are created and decomposed.

The results of decomposition with respect to days and weeks periods are presented in the

figure 2 and 3.
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Fig. 2. Visualization of the decomposition of the additive time-series object
with respect to the week period
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Fig. 3. Visualiztion of the decomposition of the additive time-seis oect
with respect to the day period

The result of the dividing the data into components shows that time-series object is
composed of trend, seasonal and irregular component. The graphics clearly shows that the
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amplitude of both the seasonal and irregular variations do not change as the level of the trend rises
or falls. It means our data is additive and the observed time series (Ut) is the sum of three

independent components: the seasonal (St), the trend (Tt) and the irregular (It):
0, = S+T, + 1.

Choosing and fitting the model

Next step is to determine the appropriate model that fits the data. For that purpose we use
Box and Jenkins approach [6] that allows selecting from a group of forecasting models the one that
is the best to fit the time series data. The ARIMA (autoregressive integrated moving average)
modeling can be applied to the most types of time series data. The forecasting accuracy of ARIMA
model is considered by scientist to be of a high degree.

In R environment there is a function that allows automatically detect the best fitted model to
the given time-series with the smallest values of the Akaike’s information criteria (AIC). The output
of (auto.arima) for week"s period is ARIMA(2,0,1)(1,0,1), for day"s demand is ARIMA(2,1,1).

Forecating

The forecasting is done for the autumn months of the year 2010 to understend the degree of
accuracy that gives us the fitted ARIMAmodels for weeks and days periods.

The results of the prediction with respect to week™s period are presented at the figure 4.

Median
15

1.0

05

30

Predicted
15 20
1

10

05

T T T T T
2007 2008 2009 2010 2011

Fig. 4. Visualization of the forecasting of time-series data for autumn period 2010 with respect
to weeks demand of electrical power consumption

Evaluation
Evaluation was made using the mean squared error (MSE) by calculating the difference

between the forecasted values and the true values of the parameter with the following formula:
Nsamples—1

1
— 72
MSE@y) = —— ) 3i—F)
nsamples =0
The accuracy of the forecast with respect to week period is 0,039 and 0,201 for the day
period. These results represent the high accuracy of the forecast. This proves the assurance of
scientists that forecasting accuracy of ARIMA model is normally of a high degree.
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Conclusion

The result of the research is the received forecast of the time-series data that is the day and
week values of active power within individual household of a high degree of accuracy.

The results of the research can be applied in different fields. For example, knowing the
amounts of energy consumption is of great importance for several reasons. First of all for
consumers of electrical energy knowledge about the electric load and the targeted is important for
understanding their bills and better controlling their consumption [7, 8]. For organizations it is
also useful to know periods of minimum and maximum of the consumption for planning the
technological cycles, for planning budget costs.

Secondly analyzing the data of energy consumption is useful for in energy sales companies to
predict probable future consumption and applying the costs for electrical units on the opt market
of electrical energy [9].

Thirdly it is useful for power grid companies to regulate and determine the optimal loading of
transformer substations [10]. And at last analyzing the consumption of electrical consumption can
be applied in governmental sector for calculating the optimal tariff schemes for different groups of
consumers.
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