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Abstract—In this article a method of analyzing and notification about an event in water heater is seen. Temperature,
water flow and power consumption are main parameters for indication of alert data. For analyzing and the event detection
data from the real-time measurement system is compared to the statistics from Influxdb, the temperature data was analyzed.
The statistics in Influxdb is changing through the time by Moving Window function. The comparison of data from the real-
time measurement system and Influxdb is performed with Gaussian distribution and applying of 3-sigma rule. Data which
is indicated as not common and dangerous detects as the event. Information about the event detection is sent to the customer
by email using Gmail service. As a result, the Gaussian distribution was built and the algorithm for the sending the message

was written.
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I INTRODUCTION

New energy management systems have a lot of
branches of improving and developing effective methods
for energy using. One of the perspective of such methods
is—informing about alert situations in the private resi-
dences which are occurred by power consumption and
conterminal admeasurement in the house using water
heater [1], [2]. In this article, the path that allows to
inform the recipient’s system in the residence about
the alert event in heater system's data has been con-
structed, between measurement and client system. In
order to perform the aim of indicating and informing cli-
ent about an alert, the system of data-collection, data-sta-
tistic, data-analysis, event detection and recipient inform-
ing were constructed.

11 DATA COLLECTION

Measurement system of the water heater has different
type of data. For this type of analysis. Only few data sub-
jects which are the most interesting in alert indication are
taken:

e  Temperature
e  Water flow
e Power line

Temperature data in heater system are taken through
temperature sensors and sent to the database by Rasp-
berry.Pi.

For the data collection of water heater in the house
the copy of the measurement system presented by Rasp-
berry.Pi was used [3] which give an opportunity to work
with measurements in straight way in Influxdb. It is
automatically decreased the delay in the processing time
and gives better platform for future improving of an alarm
system, possible additions to the data collection process

and works which based on the data from heater system in
real-time and state data.

Data collection and analysis divided into two data-
bases:

e Data in real-time with which the analysis is made
— Raspberry.Pi (Fig. 1)

e Data in which analysis is based, Influxdb [4] —
Influxdb (Fig. 1)

At the Fig. 1, you can see the visual diagram of
approach of data collection after which there are two
branches. First one is the data from measurement system,
and the second one is Influxdb.

For data-base in which data for analysis based
Influxdb is used. The energy management system should
indicate overflow of energy usage and generation amount
for the optional operation of databased on the measured
energy amount [5]. For this purpose data from measure-
ment system are saved to the state file which will be
charged or discharge with data from measurement sys-
tem. This process performed with Influxdb and window
function for data in real-time. So, when the new data is
coming to the document the last one will be deleted [6].
For a sample x; the mowing window function will be:

WiH’J Z{xi—H,-.-,xi»-"’xHJ}’ M

where H and J are non-negative integers specifying
the number of samples to include before and after
the sample x;[6], after all of necessary performances
with data, the window is shifted by one sample to x;,; .

For the data from water heater shifting is each 5 sec or 25
samples.
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Fig. 1 The visual diagram of data processing from water heater with Threshold Method

The approach of dividing databases in two part pre-
vents bugging and minimize processing time. Of course,
it takes more space in the storage, but by adding win-
dow’s property the space is approximately defined and
are not increasing with time.

111 DATA STATISTIC

In this part the statistic of the data from measurement
system is built. The method of finding state that might be
an alarm is sufficiently the same to the Threshold method
presented in [7], Fig. 1.

The statistic of data presented by Gaussian (normal)
distribution. Gaussian distribution is widely used for nat-
ural phenomena and statistics, in order to describe repeti-
tive pattern of data [8]. The Gaussian distribution is rep-
resented by the following expression:

~(x-p)?

1 e 262 )

oV2n

f(x) =

The main parameters of the function of Gaussian dis-
tribution are mean or expectation (2) and standard devia-
tion (3):
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Fig. 2 Gaussian distribution of temperature's data of heater system

The first step for preparing Gaussian distribution for
the temperature is the indication of mean of the sequence
of data. For this project it is moving average because
the data set is changing through time. It is important
because the mean indicates the results that meets with
the biggest probability. After indication of mean, the next
step is accomplishing the thresh value of data, in our case
it is data which are out of 3sigma range. This approach is
based on 3 sigma rule, detailed information about 3 sigma
rule can be found in [9].

After applying formulas (3) and (4) to the large scale
of data, statistics could be built. At the Fig. 2, you can see
Gaussian distribution for data from Influxdb of water

heater, p (t) — the prohibition of temperature. Red point
are indications of +/-3sigma.

The indication of issue in the system or alert is simple:
if data from measurement system is out of range of mean
+/- 3 sigma of Influxdb, it will be indicated as unaccepta-
ble situation and automatically will be performed in
the next step of alarm notification.

For water flow and power line the first point of alarm
indication which equal to mean- 3sigma are changed to 0
value, depending of nature of this data .Influxdb will help
in building large range of available databased on meas-
urement system.

IV. EVENT DETECTION

Missing data, critical cold or hot temperature, big
water or power consumption in line, all of this event could
be in the real heater system. Control system and customer
should be notified about this. At the Fig. 3, you can see
how the information is indicated.

Event detection is performed trough block Analysis in
visual diagram Fig. 3. The data in real-time is compared
with data from statistic in Influxdb [10] if any of incom-
ing data are indicated as an event the information going
to be computed ahead in the next step.

System sends an email to recipients with large
description about an event. For that process Gmail service
was chosen. It is large system with good protection and
wide range of improving this path in the future. As an
example system could be improved by adding notification
to the service of the house, and instantly removed.
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Fig. 3 Visual diagram of event detection and notification

CONCLUSION & RESULTS

Simplification of house routine can bring improving
to any conformation. The Energy management system
reads, saves, makes statistic and analysis on saved data,
indicate alarm and notify system about that. Following by
code it sends message to the recipient with all needed data
and information about system. The result was that
the message has been sent.
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EHEeproMeHeIKMEHT Ta BUSIBIICHHS 110111
B CUCTEMI1 Harp1BaHHS BOJU s 3a0€3IICYCHHS
O€3MEeKH KOPUCTYBAHHS

Oxwmaxk B. M., ORCID 0000-0002-0621-3256

HauionaneHuii TeXHIYHUH yHIBEpCUTET Y KpaiHu

"KuiBcbkuit mositexHiunuii inctutyT iMmeHi Iropst Cikopebkoro" ROR 00syn5v21
Kuis, Ykpaina

Anomauyia—Yy niii cTaTTi PO3JISIAAETHCS HOBUII MeTO/l AHAJII3Y Ta NOBiAOMJIEHHS PO NOAil BUSABJIEHI B JaHUX BO/IOHA-
rpiBaua. B ocHOBi MeTody CTOITH NOENHAHHS IEKIJILKOX yike BIIOMHX MeTOAMK 321151 3a0e3ne4eHHs eeKTUBHOI 00pOOKH
nanux. lnenTudikanis anHoMaJbHUX Ta HeGe3NeYHUX MO/ NPU BUKOPUCTAHHI BOJOHATPiBaya BaK/INBA 115 3a0e31eYeHHs
Oe3nexn OyaMHKY Ta MemkaHUiB. Temmeparypa, cioskHBaHHsI BOAH Ta CHOKHBAHHSA eJIeKTPOeHeprii € 0CHOBHMMH Napa-
MeTpamMu s 00poOku indopmanii nanux onosimenns. TemnepaTypHi 1aHi 10CaiAKyI0ThCSl HA IPeAMeET Neperpisy, nepe-
rpiBy BHACJIJOK HaAMiIPpHOI0 BHKOPHCTAHHS, IIePeBipA€TLCH BUKOPHCTAHHS €JeKTPOEHepril Ta Boau, Y4 BOHO € HaJAMip-
HuM. Jliasa ananisy Ta BUsIBJIeHHs NOJii 1aHi cMcTeMH BUMIPIOBAHHS B Pea/lbHOMY 4aci HOPIBHIOIOThCA 3i CTATUCTHYHUMU
aanumu 3 Influxdb. Cratucruka 3 Influxdb gopmyerhes Ha ocHoBi naHux 1o 36epiralorbest B cepenosumi Influxdb, axi
B CBOIO 4Yepry 3MiHIOIOTbCSI BHACIIIOK BHKopucTaHHs (pyHknii Moving Window. CraTtucTuyHi AaHi, a caMe - cepeHE 3HA-
YeHHsI Ta CepeiHE BiIXHJIeHHs 00YHCII0IOThCA JJIsi OTPUMAHUX AAHUX, T2 BHKOPHCTOBYIOThCS /151 OJAJILIION0 aHATi3Y.
IopiBHSAHHA JaHUX CHCTeMH BHMipIoBaHHs B peanbHoMy 4Yaci Ta Influxdb mpoBoauthcest 3a posnoainom I'aycca Ta 3acro-
CYyBaHHAM npaBujia 3 curm. @opmyeThesi BIKHO 103BOJIEHUX 3HAYeHb, MEKAMH SIKOT0 € BeTHYHHA CepeliHbOro 3HAYeHHs
+/- 3 curma, 3Ha4YeHHs 110 3HAXOAATHCS 11032 MeKaMU 004YMC/IeHOr0 BikHA iIeHTH(DIKYIOThHCA sIK HeOe3MeyHi Ta Ti mpo AKi
HeOO0XIZIHO MOBiTOMUTH KOPHCTYBa4a, I/ JAHUX NP0 CHOKUBAHHS BOJM TA eJ1eKTPOCHEPTril, JiBa Me:ka BikHa 3aMiHIO€TbCS
HA HYJbOBE 3HAYeHHs, Yepe3 (Pi3MYHI BIACTHBOCTI BeJMYMHHU TA BiICyTHOCTI HeOOXiIHOCTI y mMoBigoMiIeHHI PO HHU3BKI
NOKa3HHUKH il BUKopucTaHnHs. Bei cnocrepe:kennst Ta 00podka indopmanii npose/eHi 3a 1010MOr010 MOBH IPOrPaMyBaHHS
Python. /lani, siki BUABASIOTHCS SIK He3BHYAlHI Ta HeOe3nmeuHi, i1eHTH(]IKYIOTbCS SIK NMOAIA Ta 30epiraloTbesi B OKpeMoMy
¢aiini. Ingopmanisi npo BUsABIeHHs NMOAIl HAJACHIAETHCA KOPHCTYBa4yy eJeKTPOHHOIO MOIUTOIO 32 J0MOMOIO0I0 CIY:KO0M
Gmail ne onucyerbes nogis Ta ii MoxkauBi npuyuHn. MeTox Moxke OYyTH BUKOPMCTAHUM [JIs Pi3HHX CHCTeM MOOYTY Ta
ingycrpii.

Knrouogi cnoea — Hopmanwvnuit po3nodin; euaenennsn nooiii; cucmema odizpieaua; onosiuiennsa npo neovesnexy; Pozymuuii
oyounox; Smart house; Smart-Grid.
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