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ABSTRACT

An electrical power utility, like an electrical power pole, includes various kinds of sensors for smart services. Temperature data is
considered one of the important factors that can influence the smart operations of this utility. This study suggests a method for
temperature data analysis for deciding the status of the smart electrical power utilities by using Kalman Filter and Ensemble Model.
The suggested approach separates the temperature data according to the different positions of the temperature sensors of a utility,
then uses Kalman Filter and Ensemble Model to analyse the characteristics of the temperature variation. With detailed processes,
method explains the variation between an external temperature factor like weather temperature data and the sensed temperature data,
and then, analysis the temperature data from each position of electrical power utilities. In this process, the suggested method uses
Kalman Filter to remove error data and the ensemble model to find out mean value of every hour of electrical data. The result and
discussion of temperature analysis were described clearly with the analysed results of electrical data. Finally, we were able to check
the working condition of the power devices and the range of the temperature data foe each devices, which may help to indicate any
causalities with respect to the devices in the utility pole.
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1. Introduction
This research was supported by Korea Electric Power Corporation
through KEPCO Research Institute (Grant Number R15CA03).

The reserach was supported by ‘Software Convergence Technology
Development Program’, through the Ministry of Science, ICT and
Future Planning (No. S0177-16-1065).

All over the world, from rurals to urban, low to high
altitudes, electric utility poles plays a important role for the
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security and safety. The electricity pole has many electrical
power devices that used for the transportation of the
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electricity. As the power devices are continuously working,
there may be a chance to radiate high temperature which
may affect the devices attached to the electric pole. So, in
this paper, we have discussed the temperature related
factor that may affect the power devices, that may leads
serious damages for the electricity pole devices and the
electricity transmission.

The main objective of the study is based on the
temperature analysis based on the time series of
temperature on each power devices attached to the electric
pole. In this process, first, we fetch data from information
storage database and then categorize the data as DateTime,
Position, and Temperature. In this data, there is a different
type of positions based on electrical power devices, which
can be separated into each position of electrical data. Later,
two important models namely Kalman Filter and Ensemble
Model were used. The purpose of Kalman Filter is to
remove the unrelated data such as error or unwanted data
and the Ensemble Model is used to find out the mean value
of data based on time series.

Depending on Kalman Filter and Ensemble Model, the
result has been extracted from the electrical data. Using
the filtered data, the difference of the temperature analysis
is used to identify the cause and safety towards the electric
pole.

2. Related Works

Ghil et al and Vautard et al explains the interdecadal
oscillations and the warming trend in global temperature
time series [1], which is analyzed using the time series of
global surface air temperatures for the past 135 years of
data [1]. Richard et al has examined a real-time global sea
surface temperature analysis [2] and Anton et al, analysis
the outdoor air temperature and mortality in the
Netherlands based on time series analysis [3]. Mohit
Bhatnagar and B. Jayant Baliga analysised and comparison
of 6H-SiC, 3C-SiC, and Si for power devices [4]. Richard ]J.
T. Simms and et al. analyzed channel Temperature
Determination in High-Power AlGaN/GaN HFETs Using
Electrical Methods and Raman Spectroscopy[5]. Similarly,
we analysis the temperature based on time series in
electrical power devices using Kalman filter and ensemble
models.

2.1 Kalman Filter

Kalman filter is an algorithm that uses a series of
measurements observed over time, containing statistical
noise and other inaccuracies, and produces estimates of

unknown variables that tend to be more precise than those
based on a single measurement alone, by using Bayesian
inference and estimating a joint probability distribution over
the variables for each timeframe [6]. It is also known as
Linear Quadratic Estimation (LQE) [6]. The Dynamic
Linear Model is one of the most important in Kalman
Filter. First, we need to estimate the Maximum Likelihood
Estimation (MLE). Afterward, based on MLE we can
estimate the Kalman filter values. The MLE and Kalman
filter functions namely ‘dImMLE()" and ‘dlmFilter()’ which
are executed in R language. The main purpose of Kalman
filter is used to filter the error of unwanted data and then
produce an accuracy of electrical data.

2.2 Ensemble Model

The Ensemble Model is defined as the process of
running two or more related but different analytical models
and then synthesizing the results into a single score [7].
Another, the mean value of all data at the particular time
which is known as Ensemble Model [8].

The Fig. 1 diagram shows for ensemble model of
monthly temperature data. In this diagram, X-axis has time
(hours) from 0 to 23 hours and Y-axis has monthly
temperature data from January to December. Every month
has an average of temperature data. The blue dotted line
explains the ensemble mean, which represents mean value
of all monthly temperature data at a particular time (15th

hour).
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Fig. 1. Diagram Show for Ensemble Model of
Monthly Temperature Data

3. Materials and Methods

Fig. 2 shows overview of the electricity pole with
electrical power devices and other supported materials
which is used for transmissions of electric power from
one place to another place with thick cable wires. There
are different types of electrical power devices which are
represented by position—0, position—12, position—18, and etc.
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Fig. 2. Diagram Shows for Electrical Power Devices
Placed in Electricity Pole

The device of the position-18 is gateway and communi—
cation enclosure, position-12 is load switch and position-0
represents pole temperature.

All the electric pole data and the corresponding device
data are stored in the database by parsing the raw data
obtained from the sensors. As the pole consists of
different devices, temperature is analysed for each devices
separately.

For each devices, electrical data consists of different
information namely, Place, Latitude_Longitude, Facility,
Date_Time, Date, Time, Pole, Position, Temperature, Alarm_
Temperature, Accelerator_pitch, Roll, Alarm_Accelerator,
Battery, Alarm_Battery and Period, etc. In this study, we
only require few electrical data such as Date_Time,
Position, and Temperature. As mentioned earlier, there are
three position such as position-0, position-12, and
position-18 based on electrical power devices. First, we
split the positions and then analysis the temperature based
on time series. Before analysis, the Kalman filter is used to
remove the unwanted data that are unnecessary for the
analysis.

The purpose of Kalman Filter is used to remove error
data, already mentioned in section 2.1 and then Ensemble
Model has been adopted in electrical data. The mean value
of all temperature data corresponding to each and every

hour of time in electrical data is calculated.

4. Result and Discussion

In this paper, the electrical power data are used to
analysis the temperature with the help of Kalman Filter
and Ensemble Model. We have used 2 months of electrical
data. This data has many categories and different
positions, the required categories are Date_Time, Position,
and Temperature. First, we separate each position and
generate the result for each position of electrical data. The
data is plotted with time (hours) from 0 to 23 hours X-
axis and Y-axis has the temperature in degree Celsius.
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Fig. 3. Result Shows for Position-0 of Temperature in
Electrical Data

Fig. 3 result shows the position-0 of temperature in
electrical data. In the plot of position-0, the green line
indicates an average of temperature (position-0) data
plotted from 0 to 23 hours, the blue line indicates an
average of weather data for that particular place and the
red line indicates the difference between position-0 and
weather data. The grey dotted lines indicate baseline of

temperature.
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Fig. 4. The Result Shows for Position-12 of Temperature in
Electrical Data

In this position, the maximum range of temperature is
approximately 28°C and the temperature increases from
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morning 8o clock to evening 5o clock, when compared to
the remaining hours.

Fig. 4 result shows the position-12 of temperature in
electrical data. In this plot, the pink line refers to the
average of temperature data of position-12 plotted from 0
to 23 hours, blue line refers to the average of weather data,
and the red line shows the difference between position—12
and weather data. In position-12, the maximum range of
temperature is approximately 24C from 8 am to 4 pm. So,
the result shows that the Load Switch device of position-12
of temperature has been analysed in electrical data.

Fig. 5 result shows the position-18 of temperature in
electrical data. This position is relatively important when
compared to others because position-18 is the gateway of
all positions. In this plot, the cyan line specifies an average
of temperature data of position—-18 plotted in X-axis, blue
lines for weather data and red lines for the difference
between position-18 and weather data. The maximum range
of temperature was approximately 33C in position-18 of
electrical data. Compared to position-0 and position-12,
position-18 was exposed high temperature in the electrical
power device. Therefore, the gateway of position-18 reveals
more temperature difference during the analysis in electrical
data.
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Fig. 5. The Result Shows for Position-18 of Temperature in
Electrical Data
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Fig. 6. Result Show for all Positions of Temperature in
Electrical Data
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Fig. 6 result shows the difference of all positions, which
is presented in a single plot for the purpose of comparing
the range of temperature from one to other and also
identifies the limits of temperature in electrical devices.
The dark rectangular color box shows the standard range
of temperature and dashed lines shows the possible ranges
of temperature. The standard range of temperature is
based on past data that occurred many times in between
range. So, we conclude this range is normal range for
temperature. If the temperature is beyond the limit
(abnoraml range) then ie., maybe some problem has
occured in that particular devices. According to seasons
change, the range of weather temperature also change. So,
based on this, the range of temperature changes in
electrical data. The blue, green, and red colors are referred
to temperature data with respect to position-0, position—-12,
and position-18. In general, particular hours from 8 am to 5
pm, all the position of temperature data are very high. For
the reason of industries and factories get more power to
run machinery. Therefore, all the positions of temperature

have been analysed in electrical data.

5. Conclusion

This paper introduced a time series-based method to
analyse temperature data sensed from electrical devices
with Kalman Filter and Ensemble Model. In the analysis,
we obtained identification of the maximum range of
temperature at particular hours. And, we found that all the
electrical power devices worked properly but the maximum
range of temperature in electricity poles of a particular
region was different with each region.

For that reason, the electrical data were collected from
September to October months, which is autumn season in
South Korea. Generally, in this season, the climate is
supposed to be cool or pleasant, but, during day-time it
produces high temperature, which may result in the usage
of other electric devices. In industrials and factories using
more power to run machinery. Example, if everyone uses
Air cooler (air cooler takes high electric power) during
these hours then the electric power will pass highly in
electrical power devices. Therefore, this may be reason for
electrical power devices to reveals more temperature in
electricity pole. Therefore, based on this study we analysed
temperature data and the devices are working properly in
the electricity pole. Future research depends on forecasting
the energy consumption on the major part of electricity
data.



References

[1] M. Ghil and, R. Vautard, “Interdecadal Oscillations and the
warming trend in Gobal Temperature Time Series,” (1991).
Retrieved from search.proquest.com.

Richard W. Reynolds, “A Real-Time Global Sea Surface

Temperature Analysis,” Journal of Climate, Vol.l, No.l,

pp.75-87, 1988.

[3] A. E. Kunst, C. W. N. Looman, and J. P. Mackenbach,
“Outdoor Air Temperature and Mortality in the Netherlands:
A Time-Series Analysis,” American Journal of Epidemiology,
Vol.137, Issue 3, pp.331-341, 1993.

[4] M. Bhatnagar and B. ]J. Baliga, “Comparison of 6H-SiC,
3C-SiC, and Si for Power Devices,” IEEE Transactions on
Electron Devices, Vol.40, No.3, pp.645-655, 1993.

[5] R. J. Simms, J. W. Pomeroy, M. J. Uren, T. Martin, and M.
Kuball, “Channel Temperature Determination in High Power
AlGaN/GaN HFETs using Electrical Methods and Raman
Spectroscopy,” IEEE Transactions on Electron Devices,
Vol.55, No.2, pp.478-482, 2008.

[6] Kalman Filter [Internet], https://en.wikipedia.org/wiki/Kalma
n_filter.

[7] Ensemble Model [Internet], http://searchbusinessanalytics.tec
htarget.com/definition/Ensemble-modeling

[8] P. S. Cowperwait and A. V. Metcalfe, “Introductory Time
Series with R,” Springer-Verlag New York, 2009. Retrieved
from https://books.google.com.

[2

=

Ragu Vasanth

e-mail : vasanth4224@gmail.com

He completed Master of Computer Application
(MCA) degree from India. He is pursuing
a Doctorate degree in information and
Communication Engineering at Sunchon

National University in South Korea. His area
of interest includes Forecast Model, Ubiquitous Computing, and Big
Data Processing.

Myeongbae Lee

e-mail : Imb@scnu.ac.kr

He completed Bachelor degree in Computer
Engineering from Korea. He received
Master degree on Computer Science in
South Korea. And currently pursuing

i Doctorate degree in the Information and
Communication Engineering. He area of interest includes
Advanced Agriculture Technology, IT Convergence, Cloud and
Ubiquitous Computing.

AOLE M2 7719 2= 240

iy = =

e

ot 47 357

Younghyun Kim

e-mail : younghyun.kim@kepco.co.kr

He received his bachelor degree from
& Korea Aerospace University in 2002 and

; = completed his master degree at Kwangju
/ Institute of Science and Technology in
‘ 2004. He is currently working as Research

Engineer in the KEPCO Electric Power Research institute from
2004. His area of interest are oriented towards the big data

analysis over the electric related data.

Myunghye Park

e-mail : myunghye.park@kepco.co.kr

She completed her Bachelor and Master
degree at Kyungpook National University
in 1993 and 199 respectively. She has been
working as a Senior Researcher in the
KEPCP Electric Power Research Institute
from 1995. Her area of interest focuses on the analysis and

development of the electric power through data analysis.

Seungbae Lee

e-mail : shlee83@kepco.co.kr

He received his Bachelor and Master degree
from Cheongju university Public Adminis—
tration in 1993 and 1996 respectively. He has
been working as Senior Researcher in the
KEPCO Electric Power Research Institute
from 1993. His area of interest includes various research area to-
wards the development of the electric power.

Jwangwoo Park

e-mail : jwpark@scnu.ac.kr

He received the BS, MS and PhD degrees
in Electronic engineering from Hanyang
University, Seoul, Korea in 1987, 1989 and
1993, respectively. In 1995, he joined the
faculty member of the Sunchon National
University, where he is currently a professor in the Department
of Information & Communication engineering. His research
focuses on Localization and SoC and system designs and
RFID/USN technologies.



38 FEMEISS=2Al/HFEH H S8 AAH HeH M8=(2017. 8)

Changsun Shin

e-mail : csshin@scnu.ac.kr

Yongyun Cho
e-mail : yycho@scnu.ac.kr
He received the PhD degree in computer He received the PhD degree in computer
engineering at Soongsil University. Cur— engineering at Wonkwang University.
Currently, he is an associate professor of
the Department of information & communi-

cation engineering in Sunchon National

rently, he is an assistant professor of the

Department of Information & communi-

cation engineering in Sunchon National
University. His main research interests include System Software, University. His main research interests include Distributed
Embedded Software and Ubiquitous Computing. Real-Time Computing, Distributed Object Modeling, Ubiquitous
Agriculture and Ubiquitous Sensor Network (USN).



