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ABSTRACT

Data center has a lot of management efforts for the facility, energy, and efficient usage monitoring. Data
center power management is important to make the data center have reliable service and cost-effective
business. In this paper, IoT based energy measurements monitoring which gives support to energy
consumption analysis including indoor, outdoor temperature condition. This converged information for energy
analysis gives various aspects of energy consumption effects. With IoT big data, energy machine learning
system can give the relation of energy components and measurements, it is the key information of the quick

energy analysis in the just one month data trend for the prediction and estimation

A=

A Z&3} HolHAE oA £&, HHolH 7wt A &4, ToT oA &&3}

.M E ZA¥o] Hggds gHslr] o on, HER
fo] Folx M&VE AT ESol2 AE3 8=

2 =8dAMEs delHAH A" A vlE  Xmr 2883 9ok
7] AR 22 odyx #HH HolHE JRlo= %3, 5= o|A HolEAlE ] AE3F A]xH o]
AA vHEe BAT F Ae 79 71Ed Ae"w A9 1219 "oy AR fFe s)simp
uE A Az" HolE 3 Axde AL oE o) thggkoln, E/\IOM g4 AEY
gt AF7tAE dolEAE Y AES duA] B golHE ZAd 2Ad A OT, dolE &Fo] H
A& 93 A Measurement & Verification (M&V)  glulo]lE F=olth o]d Hlgolg F2= #aat

ZREZ dAE FY5 FEoE HE dUA mi ARISe F£Zoz A As:s e
g4 8 WeE voteta, =2d A4 HS O @A otk old olelee ddsty, A%5dE
o] AEel dEAHOE AEss WS ALY AE oquA 242 98 oA dolg 14 A
Agt, S ols dHelEHAE R oAU AA, Al A AxEe uje =gk

o Alx"le] 7)o BEF3A wef, g At A2"le B WANESY I 7]k ToT

- 893 -



SIEMHEASHS| 2016 FHIEEEHaI3|

ANE ol gste] HolEE Fxste] HolEluo]
2 FET AN A2EE FHET, ofF S
= Aslo] 1% AAL Hold M A%, A
olEle] BR, B4 dgsls HolHulold 7%
50 A 08T oA A FRow P4
Hlo] itk wd ol g FRE BelA

= AEIVEC] FELR B4, AHEse AL
AZF AT old oH &S sdsta, Asstd ol
Yz 24Le 9 nF 4 (Query-Free
Approach)®] &4 W& HE&E & Jvh. 9
e},

. loT Ho|E] =& HESRZA
A 7e2

AA A AAAd A FA,
25, %, Adss 717, ¥ 3= A

s A ArE FHE F AES FAHH, o
olgto] w# s}t TinyOS7t HAE FAHAAM HE
A=z 7les 7ves FAsAH. 7€ #A
54 Az"ol ws) dxok fAHY JFE
a23td 7 e 7eo] Aot AlAet M T
e ARY FA AU ES A9} ofoluto] <QIH
Ul vl vELAS] F A UESA TEe] F
& AegHAeH, WA HEHNA 74 7S
sto] R o7lF AlA dRE TEE F 3

fop

o) \/V" \
@nm-# K «""\ nl
44 484 [ 20 DJE| M-*ﬂ

a9 1 74 A4 Al2="

LT IR
w4k w0l g

RLn

4 HRE
AZEIOIE

Aete A"
Z g8t FEsA
o Alz="le] HolEHolx JEel AEHE
HBasesv= Hadoop I8k Ho|EHo] ~E A
Hadoop®] HDFS el A=W, ZookeeperE
Node# ol A-83Th RowKeyE 7|HEO = =3
3 mE HAl= £=E AR AYELS Adst
A FETH1]. & Read/Write 7153} Fast
Scans A| Y&t} Bigtable-2 10007H o]
Cluster node® A EA ZA 7
(distributed column oriented) NoSQL Bl ©] € H|
o] o]t}

. ol M& & 1

=

I

X E|

s LR BEE R PSS
B9l 54, F7b el AbsaAn

Lo

UA Auag deHE n%
g 7lse] desit 1% é% £5E8 =17 #
& Time-Series 7|5+ A F3t= o HH oA # ]
& OpenTSDBE ol%o}o:] ;Lés}i’iﬁ}.
OpenTSDB+= Time Series Daemon(TSD)Z
BE L skt o]l TSD, Tcollector?} & 23l
77 EgAez HelHE Fi wEth2sl
Hbase 2=7|vk= HAghe] F3bol FARE AIAIE
o) HoleE Wi AAste 1SD fAE A4
HBase®l A28 Farl gla sk gy =2
EF, HTTP APl ®:& P93 GUIE 3l TSD
o} B + gtk

Servers Servers
SNMP;
etwork TSD RPC

M
Gear

HTTP

oA HlelE A

k”

olg = IoTE F3 1% F7]
E7] 6719 AAZE dloly 1

00 - *_L'ﬂ &E&w eSS _-'_ EEr kr—'l—El'—E. 3
g g 2 g g g
5 8 a & 3 !
P RC1_etupe . 15 Int PL. 1) ==
P _RC1_etupe . 0\1 thsl tnt perl-Intense-PC. nodeid=1012) —=
21 - Nodeld=1021) —=
. nodeld=1022) —&

- modeid=1031}
2e-FL, nodeid=1041)} —o

1% 3. OpenTSDB GUI

dlolE] AAE FAGoA= dlolg 8o =l
AHEEE AlA HHE dlolEuo]~2HE A
& o}, B4 ooz WISt oedA dY
FHoz FHZ. FHldE oudA AlA
HolHES ANE7IE 25, FHEA FS b
olHE KISt HolH FAEE HQUUM4]

HolE 8¢ g=HAL AHFHIRS A HF
O|HIE (Regular Event Classification)®} HIA
O|HIE (Irregular Event Classification)g %443t
= ]—r, A+53+9 affinity propagations AR-8-3}
of AA HolEHE Aol wet ZelxEE g
o,

¥QE

- 894 -



loT 7|5t HIO|EIMIE] ol AX| HE +8 AlAHE 7|s

Weather
Database

BEMS
Database
Temp./Humd./

Events/. analysis period

Meter/Contro/
State/ete.

Data Retrieval and
Standardization

S
Data

{71 | Outlier Detection

' Pre-processing .7

Interpolation

Data
Transformation

Sensor Clustering

Automatic State

Classificati
Bayesian Network
Structure Discovery
and Analysis

AANZ BUHHS 53 duA I3 E AAzE
AL F doy, 24 g vE " A=H 9
n 2 24317 Yaides 6710l 2@ F=7HA
o] FAdHE FA s, dA SAHHE=
dolE 9 ouE £4, A, xF3oF ot ME
A" s A 1dzke] A8 LnlE dolg
oA dAA] delg e Ad =3 HdH 95%, 90%,
85%E AHlg AHd Uiz 1& A4S AT
ot ol 1% Mg A dolHE 7|He g dXA)
9 oA ARl thik AubAd #do] Il EE
AFE AFSdTh AEAE Tdd BA Aol
wE}t @A) VA &uE @Y FAA], A AE
2 Q3 " AF vgo] A s AAA
gk d= 295 AAGOE AT F Qo

A0 e . D o

¥ 7% gAY AUA g ES
sa Adsed o ge sedE & & 9
9 aYANAY By BEE = A A
o] A 167k 13 WASATA, o 3¢t
@ Az mE oloe FASE FAA
Aoz wHF + Qon, £4 ~ +
)?)

rlr Mo
2

o
==
<

30 4 ofo

o rlr 0 o

o]
71 ¢
3

-~ 3[1—1
7 A%4E2 yod odEE AAAL
W3 BAsE Batk e ofvid,

fu)
X

2 29 5 93, AAFL YA ZAY dold
el A@ BAE FM) F7) WEel, dolea
el oluA v FeE BAsty 47 wHe
ol & glt A4l ARE AFHT AR
o duix) Azt A1ee AT oy 3 Al
o FEo| 6AY ool B AE Age,

AAE o8 71A] EHg AaE AR oF st7] o
Eoll, A& YR E ARt vg HelA g
AR ol HEe 7] oHT Yoy &ZE
dolE A&t wmE HA2 AP 24e AT
atal 7)) AEHUA A& AIRE <ol He
S AFaa, o]F ArjHoF Hg oL Fj
slete s A2 e APt Y £2ZES o 7]

S ATY oz gEnh

i
l

ACKNOWLEDGMENT

This work was supported by the Energy
Efficiency & Resources of the Korea Institute of
Energy  Technology Evaluation and Planning
(KETEP) grant funded by the Korea
government Ministry of Trade, Industry and
Energy. (No.20142010102820)

ik

P28

[1] Hdoop http://hadoop.apache.org/

[2] openTSDB http://opentsdb.net/

[3] HBase http://hbase.apache.org/

[4] Deokwoo Jung, Varun Badrinath Krishna,
William G. Temple, David K. Y. Yau,
“Data-Driven Evaluation of Building Demand
Response Capacity” in IEEE
SmartGridComm 2014.

- 895 -





