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Applied Data Analysis in Energy Monitoring System

Kychkin A.V., Mikriukov G.P.
Perm National Research Polytechnic University
Perm, Russia

Abstract. Software and hardware system organization is presented as an example for building energy
monitoring of multi-sectional lighting and climate control / conditioning needs. System key feature is
applied office energy data analysis that allows to provide each type of hardware localized work mode
recognition. It is based on general energy consumption profile with following energy consumption and
workload evaluation. Applied data analysis includes primary data processing block, smoothing filter,
time stamp identification block, clusterization and classification blocks, state change detection block,
statistical data calculation block. Time slot consumed energy value and slot time stamp are taken as
work mode classification main parameters. Energy data applied analysis with HIL and OpenJEVis
visualization system usage experimental research results for chosen time period has been provided.
Energy consumption, workload calculation and eight different states identification has been executed
for two lighting sections and one climate control / conditioning emulating system by integral energy
consumption profile. Research has been supported by university internal grant Ne2016/PI-2
«Methodology development of monitoring and heat flow utilization as low potential company energy
sources.

Keywords: energy data, energy monitoring, energy data visualization, applied data analysis, pattern
recognition, OpenJEVis, Janitza.

Analiza aplicativa a datelor in sistemul de energomonitorizare
Cacichin A.V., Micriucov G.P.
Universitatea Nationald de Cercetare Politehnica din Perm
Perm, Federatia Rusa

Rezumat. Se studiaza un exemplu de organizare software si hardware a sistemului de monitorizare a consumului
de energie electrica in oficii la necesitati de iluminat multi-sectional si de sistemul de climatizare/ventilare.
Particularitatea siustemului consta in analiza aplicativa a datelor oficiului, ce permite recunoasterea regimurilor
localizate de functionare a fiecarui tip de utilaj in baza profilului energetic consolidat cu estimarea ulterioara a
consumului de energie si evolutii. Analiza aplicativa a datelor cu caracter energetic include blocul de prelucrare
primara, filtru trece jos, blocul de identificare a marcii intervalului de timp, blocurile de clasterizare si de
clasificare a datelor, blocul de estimare a consumului netipic, blocul de calcul al consumului netipic, blocul de
calcul al indicilor statistice de functionare in clase si blocul de calcul al consumului de energie. In calitate de
paramentri de baza a clasificarii regimului de functionare sunt utilizate valorile de energie consumati pentru un
anumit interval de timp si marca de timp a slotului. Se ofera estimarea rezultatelor cercetarilor experimentale ale
analizei aplicative a datelor cu utilizarea echipamentului pentru modelarea seminaturald si a sistemului de
vizualizare OpenJEVis pentru perioada aleasa de observari. Pentru doud sectii de iluminat studiate si a unei
instalatii, care imiteaza sistemul de dirijare a ventilatiei, utilizind curba de sarcina integrald a fost efectuata
identificarea de opt stari posibile de punere in functiune, a fost calculat consumul de energie si evolutia. Lucrarea
a fost efectuatd cu suportul grantului Universitatii PNIPU Ne2016/PI-2 «Elaborararea metodologiei de
monitorizare si utilizare a fluxurilor termice, ca resursului de potential termic scazut al intreprinderii».
Cuvinte-cheie: datele de consum de energie, monitorizare energetica, vizualizarea datelor, analiza aplicativa a
datelor, recunoasterea imaginilor, OpenJEVis, Janitza.

IpuxyiaxHoii aHAIN3 JAHHBIX B CHCTeMe YHEPrOMOHUTOPHHIa
Kbrukun A.B., Mukpiokos I'.I1.
ITepmckuii HAIIMOHATBHBINA UCCIIEOBATENBCKUN MOJTUTEXHUYECKUH YHUBEPCUTET
ITepmsb, Poccus
Annomayusa. PaccMaTpuBacTcs TpUMEp IPOTPAMMHO-AIMMAPATHONH OpPraHM3allil CHUCTEMBI MOHHTOpPUHTA
OTPEOICHUS PIEKTPUIECKON SHEPTHH O()UCHBIMU MTOMEIICHUSIMH Ha HYKIbI MHOTOCEKIITHOHHOTO OCBEUICHUS H
yIpaBICHUS KIUMAaTOM/BeHTIIIANEH. OCOOCHHOCTHIO CUCTEMBI SIBIISIETCS TMIPUKIIATHON aHAIH3 YHEPTETHUSCKUX
JaHHBIX O(rca, TO3BOJIIOMNI MPON3BECTH PAacllO3HABAHNE JIOKATM30BAHHBIX PEKUMOB PaOOTHI KaXIO0TO THUIA
000pyIOBaHMS] HA OCHOBE CBOJHOTO YHEPrEeTUYECKOr0 MPOQHIIs C TOCIEeIYIOIeH OIIEHKONH YHEPronoTpeOIeH s
1 HapaboTku. IIpukaamHOW aHAW3 SHEPrOJAHHBIX BKIOYACT OJIOK MEPBHYHON OOpPaOOTKH, CIIIaKHBAFOLIU
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¢unpTp, ONOK MACHTHU(PHUKANNKA BPEMEHHOW METKH, OJOKM KJIacTepH3alid M KIACCH(HUKAINU TaHHBIX, OJOK
OLICHKH HETHIHMYHOTO MOTpeOJeHNns, OJIOK pacdera CTaTUCTUYECKHX IIOKa3aTenell HapaOOTKM B Kiaccax H
sHepromnorpedienus. B kadecTBe OCHOBHBIX HapaMeTPOB KIACCH(HKALMU PEeKMMa pabOThl HCIIOIb30BAHBI
BEJIMYMHBI 3aTPA4E€HHOM 3JIEKTPO’HEPTHU 3a OJWH BPEMEHHOH CIIOT M BpeMeHHas MeTka cnota. IIpuBogurcs
OLIEHKA pPE3yNbTaTOB JKCIICPUMEHTAIBHBIX HCCIEJOBAaHWN TPHUKIAJHOTO aHalM3a JHEProJaHHBIX C
UCIIOJIb30BaHHEM 000PYIOBaHUS JUIsl OJIYHATYPHOTO MOJICIIUPOBaHKs U cucTeMbl Busyanm3aunu OpenJEVis 3a
BBIOpaHHBIA Tiepuon HabOmromeHus. J[ins wuccneqyeMbix JBYX CEKIMH OCBEIICHHWS W OJHOW YCTAaHOBKH,
UMHTHPYIOIIEH CHCTEMY YIIPaBICHHS BEHTHILMCH, M0 WHTETpPaIbHOMY MNPOQIII0 Harpy3KH IpOBeaeHa
nieHTU(HUKAIUS BOCBMU BO3MOXKHBIX COCTOSIHAH BKJIIOYEHHsI, NPOBEJCH pacyeT SHEPrornoTpedieHus |
HapaOotku. PaboTa BbINONIHEHA NTpH TIOAIEp)KKe BHYTpHBY30BcKoro rpanta [THUITY Ne2016/TT1-2 «Pa3zpaboTka
METOJIOJIOTUM MOHHUTOPHHIA W YTWIM3ALUHM TEIUIOBBIX IIOTOKOB, Kak HHU3KOIIOTCHIMAJIBHOTO pecypca
TIPEATIPUATHS.

Knrouegvle cnoea: >HeprofanHble, SHEPTETHICCKUN MOHUTOPHHT, BU3yalIH3alls SHEPTOJAHHBIX, NMPHUKIATHOMN
aHaM3 JaHHBIX, paclo3HaBanue oobpa3os, OpenJEVis, Janitza.

Introduction buildings aimed at numerical values obtaining,

Energy monitoring systems (EMS) are statistics calculation and additional information
widely wused in manufacturing, housing, forming on lighting and climate
transport, and other spheres in order to control/conditioning system energy
automate data acquisition, transmission, consumption of single consumer or group of
storage and analysis, energy loss estimation. consumers detected by general consumption

Building energy management system profile [5].
potential is in possibility of main consumers Common office energy data can be
groups pattern recognition, such as lighting characterized by the following set:

and climate control/conditioning systems [1].

The main component of building EMS is P
data analysis system (DAS), which is
implemented  on  the  «client-server» p— b _JPuPxu| set of energy data
architecture ~ with usage of available Co
information analysis platforms. Mathematical p
module of DAS is usually presented by fixed n P P2
set of standard statistical functions, which are points, P ={p,, p,,}
used by energy services staff.

Lighting system separate sections
workload evaluation task is being solved
rarely. This caused by irregular exploitation of
separate sections by staff. Such sections usage

Pu Pz

b

where, n — number of measures, p;; — time
stamp (time values ranged from 0:00 to 23:45

with 15 minutes step, p, 6{1..96}), Diz —

irregularity caused by change of sunlight fall energy consumption for period i.
direction during the day and human factor. The main tasks of DAS are to identify
Moreover, climate control/conditioning monitoring consumer workload states, and to
management system can be interesting for assign appropriate class for each energy data
current research among other office value:
consumers. Thus, for specified groups of S=1S,.S,,....5,} — full set of lighting and
consumers recognition implementation DAS climate control/conditioning work modes,
functionality should be expanded for complex .

. : S, —>K. ,j=1k
automated energy data consumption analysis ! / >
implementation, of decision making on energy K={K,,K,,...,K,} —reduced work modes
consumption performance increasing [2]. This set
could be ach1e.vec.1 by adding new analytical where k£ — typical work modes combinations
blocks for classifying and clustering [3, 4]. number.

The implementation of the tasks

L. Meth.odol(.)gy. ) mentioned above is provided by following
The main objective of the research is to DAS functions [6,7]:

create DAS analytical apparatus for office
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—primary data processing: filtering and

smoothing for state change detection;

—time stamps definition, clusterization

and classification;

—statistical parameters calculation for

result evaluation.

DAS functioning algorithm is shown at
Figure 3.

Initially, lighting and climate
control/conditioning system energy data is
being filtered (F) by threshold criteria (Eq. 1).
This step is needed to exclude errors of
measuring, reading, recording, CRC etc.
Further, filtered data x; goes to the other units
of DAS for the analysis.

Fiix,, <X, <X, (D)
where x; — filtered energy data point, x,,, and
Xmax — System defined minimal and maximal
values.

Data smoothing (F;) is implemented by
the moving average method (Eq. 2) as having a
low number of smoothing points results in the
graph with the closest form to the original one.
On the contrary, large number of smoothing
points heavily distorts the form of the graph

[8].

N

inJrk

2N +1, =

Fyixs; =

2

where 2N+1 — the number of smoothing
energy data points, xs; — is smoothed energy
data point.

State change (F3) of monitored system
(for instance, change of working energy
consumers combination) is detected by
smoothed and filtered data comparing (Eq. 3).
Received data used for classification accuracy
evaluation and work mode of lighting and
climate control/conditioning system definition
[9, 10].

F3: Ax; = x; — Xxs, 3)

Time stamps definition block (F4)
converts time into numerical value (Eq. 4).
Time values ranged from 0:00 to 23:45 with 15
minutes step (96 values per day) [11, 12].

Fy: t, = getTimdx,), t, € {1..96} 4)
Clusterization (Fs) 1is carried out
according to the k-means method (Eq. 6).
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Number of required lighting and climate
control/conditioning system work mode
clusters is determined by Eq.5. K-means
aimed to minimize standard deviation of
cluster points from cluster centroids:

k=2"
Fs: VziZ(xi —cj)2 — min

J=1 x;€S8;

®)
(6)

where m — number of real consumers, V —
standard deviation, & — is the number of
lighting and climate control/conditioning
system working combinations, S; — cluster j, ¢;
—is centroid of x; € S; [13].

Consumers classification (F¢) is carried
out on the basis of clusterization (Eq. 7).
Figure 4 shows obtaining and visualization of
information on energy consumption.

Total consumption is determined by the
consumption  of  particular  consumers

E= ZE_/ . Every work mode consumer class
Jj=1

/; can be represented through the simplified

model in the following way:

(7)

0,2, <t<t,
F63 fj =

¢;. 1, St<t,

where ¢; — is amount of energy consumption
(centre of cluster). Time intervals t; and t, are
determined by values of cluster edge elements.

Statistical data calculation block (F;)
required for object workload computation for
different lighting and climate
control/conditioning system work modes (Eq.
8).

n t
152?’

Fr:owi, =— "L 100%

t

(8)

total

where ¢, 1 x;, C S_/. , twotal — duration of analyzed

period in minutes.

Result evaluation block (F;) compares
results of consumers classification (F¢) and
state change detection (F3;) and provides
percentage of accuracy. Moreover it calculates
total worktime (Eq. 9) and consumption (Eq.
10) for every lighting and climate
control/conditioning system work mode [14].
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Fg: tWtj :1522

=1 Y

©)
(10)

n t
Fs: fc, =15-Z—’xi

i=1 Y

2. Technology description

The developed EMS has two levels: first
level — data collection, second level — data
processing and storage. Its block diagram is
shown at Figure 5.

EMS hardware is based on power
analysers UMG104 and UMG604 by Janitza
electronics GmbH. These devices are used for
reading data and transmitting it to the server.
Their main characteristics are shown in Table
L

Table I. Power analysers characteristics

Parameter UMG UMG
104 604

4 inputs for measurement

+ +
current &voltage
RS—485& RS-232 N .
interfaces
Ethernet port — +
Built-in memory 4 Mb 128 Mb
web interface - +
Modbus master - +

Software of EMS includes 2 software
products:

—GridVis — used for remote setting of

power analysers and data processing

for transmitting it to storage server

[15].

—OpenJEVis — basis of EMS software. It
consists of various open source
program  units. This  software
supports plug-in system, which
allows to expand its abilities.

Moreover, it has wide integration
capabilities and compatibility with
other program products [16, 17].
EMS analytical functionality is provided
by its integration with complex mathematical
software such as MATLAB or Octave via
OpenJEVis plug-in system [18, 19, 20].

3. Results

Experimental research was carried out in
the typical office using 2 sectional lighting and
laboratory equipment for climate control /
conditioning (CC/C) HIL simulation [4].
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Research was provided with hardware which is
shown on Figures 1 and 2 by exporting the
office energy data to EMS within the period
from 20.11.2015 to 20.12.2015.

Lighting and  climate control/
conditioning system energy consumption are
presented as a graph of the open source energy
visualization tool — OpenJEVis at Figure 6.
Filtered total energy consumption (F;) is
presented by blue colour.

UMG 104 power analyser was used as a
data collector, UMG 604 — as a protocol
converter (Modbus RTU/Ethernet) and «data
concentrator».

Fig 1. UMG 604 power analyzer (data
concentrator) installed into
climate/conditioning equipment HIL simulator

S th_

818 7 B TEazT

w6 g1 8 |
ﬁllnﬂ,lﬂ—!l Pasems 3608 HL-5 E = =
mn‘u B 525 Iwu|as
. ; B|ie

Fig 2. UMG 104 power analyzer (data
collector) installed into lighting control panel

Office workload analysis parameters are
shown in Table III. Maximum and average
consumption values for the whole period:
P =2049,67TW -h, P, =35203W -h.

Smoothed energy data (F,) is shown on
Figure 6 by green colour.
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On the difference of original and
smoothed graphs, state change graph has been
obtained. Ax is used to detect consumers
consumption modes and transitions between
these modes. This is shown at Figure 7.

Current energy consumption mode can
be recurrently (or cumulatively) defined.
Transitions from higher consumption mode to
lower can be identified by positive Ax value,
from lower to higher — by negative Ax value.
Insignificant Ax values (Ax<100) means
consumption  changes inside current
consumption mode.

State change detection result was used
for classification accuracy checking and
confirmation.

After time stamps definition for each
data point, clusterization and classification
have been provided. All energy consumers in
the office can be divided into three main

groups, which can consist of some smaller
consumers: lighting (70%), lighting (30%),
climate  control system (conditioning).
Altogether ~ there are 2°=8  possible
combinations of these consumers switching.
Hence, it is necessary to define eight classes
and clusters. The results of the clusterization
are shown at Figure 8. Time intervals are
numbered from 1 to 96 per day (frequency of
measuring was 15 min). Time intervals for
each consumer can be determined on
clusterization results.

Coordinates of cluster centroids are used
in classification. Classification results are
shown in Table II. For example, full lighting
usage can be described by modes 7 and 8. All
classes can be described by the following
formula: f, =c,,t, <t<t,.

Table II. Classification (Fy) of lighting and climate control / conditioning modes

Class L‘;g(')‘(f/‘o“g L‘;g(l)‘(f/‘o“g cc/c ¢;, Wh t, t,
1 0 0 0 4.7 0 96
2 0 0 1 246.1 31 82
3 0 1 0 433.6 35 80
4 0 1 1 704.9 33 90
5 1 0 0 1083.1 31 88
6 1 0 1 1235.7 38 91
7 1 1 0 1484.5 39 89
8 1 1 1 1706.1 42 66
Table III. Office workload (F,) within the period from 20.11.2015 to 20.12.2015
Number of . Part of Average Number of . Part of Average
energy data Tlr.ne, total  |consumption, | energy data Tlr.ne, total consumption
Class points min. time W:h points min. time W-h
All time (0:00-23:59) Working hours (8:00-20:00)
1 2156 32340 | 72.45% 4.76 689 10335 | 46.30% 5.03
2 24 360 0.81% 246.04 23 345 1.55% 250.76
3 25 375 0.84% 433.62 25 375 1.68% 433.62
4 62 930 2.08% 704.97 59 885 3.97% 700.25
5 142 2130 4.77% 1083.09 140 2100 9.41% 1083.99
6 77 1155 2.59% 1235.71 67 1005 4.50% 1238.18
7 473 7095 15.89% 1484.46 468 7020 31.45% 1484.38
8 17 255 0.57% 1706.01 17 255 1.14% 1706.01
Total 2976 44640 | 100.00% - 1488 22320 | 100.00% -
All (l;%gmg 796 11940 | 26.75% 1299.81 776 11640 | 52.15% | 1302.27
?2114?6%? 180 2700 6.05% 965.36 166 2490 11.16% 958.09
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5| Fadata o cshange [
smooting detection
Energy
data Fq: data R z‘;art"‘m: || Fedata | Fe: data Pl Fy: result
filtering d amp clusterization| | classification | evaluation
definition —>
\ 4
F;: statistical
' g data —
calculation

Fig 3. Workload calculation and states identification DAS algorithm

E1=f1(t) — — o _ _
E»=f5(t) —>| Object i Measuring l» TR T AR T Y I

E=YE; system | ||||H|||||tH|||i|| i
En=fu(t) [ f=5H(t)

Fig 4. Obtaining and visualization of lighting and climate control/conditioning energy consumption

4 I Re Remote 7
i_ | user | < S
- = Data storage
JEConfig server JED8
Workstation —[
JEGraph
|
Il < r I_Local user I
I _[JEConfig
Workstation JEGraph
\ I
r ( LAN 0
Ethernet TCPI/IP
Janitza
UMG604
I < Modbus | RS-485
Janitza
UMG104
U measuring | I | measuring
\.

Fig 5. EMS structure based on the open source software
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P, Weh
1500 F, F,
1000
500
0
Mon 23.11.15 Tue 24.11.15 Wed 25.11.15 Thu 26.11.15 Fri27.11.15 Sat 28.11.15 Sun 29.11.15

Fig 6. Filtered (F,) office energy consumption data and smoothed (F,) data for one week

AX, Woh
600
400
200 I
0
-200
-400
-600
Mon 23.11.15 Tue 24.11.15 Wed 25.11.15 Thu26.11.15 Fri27.11.15 Sat28.11.15 Sun29.11.156

Fig 7. Difference (F;) between filtered and smoothed energy data for one week

2100
< Class 1
5 Class 2
1800 - OClass 3
@ Class 4
OClass 5
1500 - & Class 6
O Class 7
A Class 8
1200 - @ Centers
900
600
300
20 30 40 50 60 70 80 90 100

Fig 8. Results of data cluster analysis (F5) which shows different lighting and climate control /
conditioning energy consumption modes — classes 1..8 (see Table I) and their centers

Conclusion — the module structure and functioning
The following results of this work have been principles of building energy monitoring DAS
obtained: have been described. The lighting and climate

control/conditioning system energy data
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applied analysis includes primary data
processing: filtering and smoothing for state
change detection, time stamps definition,
clusterization and classification, statistical
parameters calculation for result evaluation;

- DAS key feature is applied office
energy data analysis that allows to provide
each type of lighting and climate
control/conditioning hardware work mode
recognition. It based on general energy
consumption profile with following energy
consumption and workload evaluation;

- two-sectional lighting and climate
control (conditioning) HIL model energy
consumption within the period of one month
has been analysed on practice. Total office
workload during working time was 54.91%,
lightning workload was 52.15%, climate
control/conditioning — 11.16%.

- energy consumers were classified
according to clusterization data to eight

classes. Recognized  average  energy
consumption during working time for lighting
was 1302.27 W-h, for climate

control/conditioning — 958.09 W-h.
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