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Abstract: The paper presents the preliminary results after analyzing the field data from 85
ovens deployed in the United States. We research especially the behavioral pattern of the
user regarding the openings of the door and we prove that there are obvious relations
between the pattern and some specific features, such as day of the week and hours of the

day.

1. INTRODUCTION

This paper presents the preliminary results after analyzing the data field collected from
85 ovens deployed in the United States.

We research a database of more than 1,000,000 records for several electrical
appliances installed in real test field, containing data from ovens as well as from refrigerators.
However our focus is on the behavioral pattern regarding the openings of the oven doors
because there was no availability for refrigerator openings. For our specific purpose, we took
into account a specific model of oven, namely Kenmore Elite 97102, having the serial number
E02A82C5BECO.

Of course, this is not the first attempt to analyze field data. This is crucial for any
serious research and has been done in several domains, such as education [1], seismology [2],
wildlife [3] and ecology [4].

On the other hand, ovens are part of our daily life, therefore a significant amount of

scientific literature has been dedicated to them, especially with respect to temperature, home
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and related aspects by Darigny et. al. [5], Omura et. al. [6], Li et. al. [7] and Boulet et. al. [§8]

and energy consumption [9].

2. METHODOLOGY

The data covers roughly 7 weeks: 15.11.2013 — 25.12.2013 and consists of 305
records. The data looks like in table 1.

Table 1. A snapshot of the database containing the data to be analysed

Timestamp DW | Date Hour | Door Close
15.11.2013 00:28 6 15.11.2013 0| TRUE
15.11.2013 00:28 6 15.11.2013 0| FALSE
15.11.2013 01:11 6 15.11.2013 1| TRUE
15.11.2013 01:11 6 15.11.2013 1| FALSE
15.11.2013 01:40 6 15.11.2013 1| TRUE
15.11.2013 01:41 6 15.11.2013 1| FALSE
15.11.2013 01:44 6 15.11.2013 1| TRUE

The Timestamp and Door Close are from the database. The day of the week (DW),
Date and Hour fields have been drawn from the timestamp. A preliminary inspection of the
data shows that the values are consistent (e.g. the number of records with Door Close =
TRUE is equal with the number of records with Door Close = FALSE).
We research the correlations:
a) Day of the week vs. number of openings of the door of the oven;
b) Hours of the day vs. number of openings;
c) Days of the week vs. hours when the door was opened.

3. RESULTS

3. 1. Day of the week vs. number of openings of the door of the oven

The scatter plot derived from the data depicted in Fig. 1. The X axis represents the
days of the week (1 = Monday... 7 = Sunday). The Y axis shows the number of openings.

The statistical correlation factor (as defined by Hedges [10] or Hotelling [11]) between
the days of the week and the number of openings is 0.1097, which shows that there is no
statistical correlation between the two. But that does not mean that the two data sets are not
related. For instance, it is obvious that on Tuesday the oven is not used at all.
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Fig. 1 — Day of the week vs. number of openings

3.2. Hours of the day vs. number of openings
The scatter plot is depicted in Fig. 2.
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Fig. 2 — Hours of the day vs. number of openings

The X axis shows the hours (0..24) and the Y axis represents the number of openings.
For relevance of the data, the time consists only of hours, not of minutes.

The correlation factor is -0.202 which says that there is no significant statistical
correlation (although more than in the previous case — DW vs. number of openings).
However, some conclusions can be drawn, such as that the oven is used over the night and is
idle from 4:00 to 9:00.



Carpathian Journal of Electrical Engineering Volume 8, Number 1, 2014

3.3. Days of the week vs. hours when the door was opened

The scatter plot is shown in Fig. 3. The X axis represents the days of the week (1 —
Monday,.. 7 = Sunday) and Y axis shows the hours when the door was opened. For relevance,
the time contains only the hours, not the minutes. The correlation factor is 0.0247, which

means that there is no statistical relation between the two data sets.
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Fig. 3 — Days of the week vs. hours of the day when the door was opened

However, a close look at the plot shows that:

e The oven is not used on Tuesdays (the conclusion was draws also previously — see
section 3.a));

e The over is not used from 4:00 — to 9:00 (see section 3.b));

e The time when the oven starts being used goes later over the week:

o on Mondays, the oven starts working around 9:00;

on Tuesdays: off;

on Wednesdays: starts around 11:00;

on Thursdays: starts around 17:00;

on Fridays: starts around 13:00;

on Saturdays: starts around 16:00;

0O O O O O O

on Sundays: starts around 19:00.

4. CONCLUSIONS
In this research we analyzed only raw data, with no preprocessing (e.g. using only

relevant data, by removing exceptions). However, the preliminary results are good and

promising.
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The first conclusion is that the data is consistent and relevant. Although there is no
statistical correlation between the datasets compared, we could draw some interesting
observations:

o The oven is not used on Tuesdays;
o The over is not used at all from 4:00 —to 9:00;
o The time when the oven starts being used goes later over the week.

The data processed covers only seven weeks, which is a reasonable interval, but to
make sure that the observations are correct, they should be applied on larger intervals, at least

at this research stage.

5. FURTHER RESEARCH

We used all the data, but we can remove some exceptional situations, which will make
the observations more relevant:

e In section 3.a), Mondays and Thursdays have less probability of using the oven
as well as the number of openings above 40;

e Insection 3.b), it is obvious that the case with more than 25 openings is not
common and could be dropped.

In other words, we could discard observations with probability less than a specific
threshold (which needs to be determined experimentally). Moreover, we can try predictions
based on the existing data.

An attractive research direction is distributed data stream mining [12] in the home
environment to extract patterns from data provided by multiple household appliances (stove,
refrigerator, central heating), based on mobile agents technology [13] that can improve the
usage of Big Data volumes.
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