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Using Cloud Technologies for Large-Scale House Data in Smart City
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Abstract: In the smart city environment, a wide variety of data are collected from sensors and devices to achieve
value-added services. In this paper, we especially focus on data taken from smart houses in the smart city, and propose a
platform, called Scallop4SC, that stores and processes the large-scale house data. The house data is classified into log data
or configuration data. Since the amount of the log is extremely large, we introduce the Hadoop/MapReduce with a
multi-node cluster. On top of this, we use HBase key-value store to manage heterogeneous log data in a schemaless manner.
On the other hand, to manage the configuration data, we choose MySQL to process various queries fo the house data
efficiently. We propose practical data models of the log data and the configuration data on HBase and MySQL, respectively.
Then we show how Scallop4SC works as an efficient data platform for smart citv’y services. We conduct an experimental
evaluation to calculate device-wise energy consumption, using actual house log recorded for one year in our smart house.
Based on the result, we discuss the applicability of Scallop4SC to city-s'cale data processing.

Key words: smart city; smart house; data platform; Hadoop; HBase
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Key Value

2012-07-28T12:34:56.cs27.Energy.tv01l
2012-07-28T12:34:56.cs27.Device.tv01
2012-07-28T12:35:00.cs27. Device.tv01
2012-07-28T12:34:56.cs27.Env.temp2

2012-07-28T12:34:56.cs27.Env.pcount3

{value:600,unit: W}
{status:[power:off]}
{operation:on()}
{value:24.4,unit:celsius }

{value:3,unit:people}
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perzon ID, name, personal info.,

household ID
- PO00001, Masahide Nakamura, ..., FDDD001

POODDOZ, Shirtaro Yarmamoto, .. FDFCIEIIJ
PO0D003, Kohei Takahashi, . FUGDUI

city | &l name, eic FOQO0A. Akiro Okushi,.., FOODD1

LTO01, Rokkodi, ...
1 , householder,

housshold ID
| Housshold | [cty D, rouse D], et
T EDO0001, POOOOO1, CTOO1-HOODO, ..

city 1D, house |0, address, type, etc
CTO01-HI0001, 1-1 Rokkedal Nada Kobe, laboratary, ...

device | device class 1D, [eity 1D, house ID, room D],

-- name, date of purchase, price, efe
- DEV123456788, DCO001, CTOO1-HO0001-R001,

TV of study room, 2010:07-01, ¥368,000 ...
device class 1D, manufacturer, model number,
Class

city [0, house |D. room 1D, name, efc
CTO01-H)0001-RO01, study room S101, ..

name, type, specification, etc
D001, Panasonic, THI8PZ-B00, VIERA, TV, ..., ...

B2 Bl E R
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FAWTTA L 5 )%, House h—/Nhhk, ~Fik, 2%
M. Py B 25 0. Room J2 75 J= 17 B B /N A,
WAk U R AT D7 AN . AR4fE ER &, House #1 Room,
City 1 House Z[AfF{EH TRAR, TRANAREMIA
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FSECR s 48 2 SQL. i, 3Rk T CTo01
A R s ) id, HAEE A SQL AT
select 'devicelD'from'DEVICE'WHERE
'deviceClassID'IN( select 'deviceClassID'
from 'DEVICECLASS'

where 'type'='air-conditioner'
22 R AEEIRERE

Scallop4SC it HBase & #1ps J& H S 5dEC. 4
X R H A, %’%ﬁﬁﬁ%ﬂﬁ%@%ﬁﬁ%ﬂ%ﬁ% R kS
LR, EERSI A R Rt
FIOE T HBase R PHCHR IR, [0 FTDFELR B 5 200
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Al AR AW W2 B T2 HBase, %1
A FRARATEAT R, e A, ) DL
R R H S, B2, FAIA BB s
AR R G E . B A AR A B
T AT BN B AR TPl SR A — A B R 25 . R,
b e B H S B A B A 70 Aii/E 2> Hadoop JIRS5 4%

WA TR A ] R, FRATTBE T (1 B 152 7R 5 A4
HBase #%: HouseLog I HouseIn(Vi;ext

% 2 4 HouseLog . & & MifP K7 5 & H
%ﬁﬁﬁ@ﬂﬁ%?ﬂﬁi: Data #ll Info. Data %I {7fif H &
KRR M2, Info BULEE B A& KO 1 70 500
M —AMER P AR S, R AT A S W T AT (Row
Key), 4857 i 5] 80 A5 9 15 1) 545 £ 38 20 43 R %)
AAAEAE IR 5 d AR T TP O B A7 AT BE AT SR R 2
N He H #% & #& HouseLog. T &, AR H
Houselndex 3.

2 2 HouseLog

Row key Column families
info
Hash()@<timestamp> Data
Date Device house: Unit Location Type
46018eab@2012-07-28T12:34:5 2012-07- | 12:34:2 Living [
600 Tv0l Cs27 w . |~ Energy
6 28 room
53cd5fad@2012-07-28T12:34:5 [power:off | 2012-07- | 12:34:2 . ¥ _Statu Living
TvOl | 'Cs27 Device
6 1 28 \ S room
8afd4abd@2012-07-28T12:35:0 2012-07- | 12:342 |« © Oper Living
On() ) TvOl Cs27 Device
0 28 ation room
e85afaad@2012-07-28T12:34:5 3 2012-07- | 12:34:2 Celsi Living Environm
L 240 Temp3 Cs27
6 s 28 us room ent
=
j " 2012-07- 12:34:2 peopl Living environm
13ffadbc@2012-07-28T12:34:56 3 Pcount3 Cs27
28 e room ent

# 3 4 Houselndex &, f figEl -4 10845 1 H &
B, 178E(Row Key)Hl time stamp, log type, houselD
H device ID A4, 3 13X PUANFFAE 7 BLAE AT 4k B AT
WA ) ps e H G, 5105 hikey £ 7 HouseLog
ITHE. fE4 2 1 I 24(= 4NFdskdR i R H G
. K, N R4 Houselndex F# W HFT AT IE R,
SRAFH N (AT 88 b = H Rl s, AR JE N R el ek AT

B M\ HouseLog & FRAFAHRY ¥ 57 22 H 7 Hcdha

3 S A

FeF FIRFSY, SEELT ScallopdSC P &. % V&
JEHET 12 4 Linux IR45 28 1) Hadoop £ RE). -4 Al
[ E 4K 2 Vine Linux 6.0, Java SE 7u5, Hadoop
0.20.2+737, HBase 0.90.3 fll Pig 0.9.1. % 4 R 1%
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FERERIECE. HDPOO & 3277 5 4 rh A 2 43 A1 UK.
HDPO1,HDPO02 1 HDP03 LA & ZooKeepers &b i [¥)

T RURIOCIE. AR Hh AR A 1 P b AN [i) A 28 g Ak R
P(FEHE 4 A1 Athlon 64)2H .

% 3 Houselndex #

row key

column family

[timeStamp.type.houselD.deviceID]!
2012-07-28T12:34:56.energy.cs27.tv01
2012-07-28T12:34:56.energy.tv01.cs27
tv01.¢s27.2012-07-28T12:34:56.energy
tv01.cs27.energy.2012-07-28T12:34:56

hlkey
hash()@<timeStamp>
46018eab@2012-07-28T12:34:56
46018eab@2012-07-28T12:34:57
46018eab@2012-07-28T12:34:78 |
46018eab@2012-07-28T12:34:79 I

*4 FEYIE !
Node Type h, spec
Node Name !
hadoop Hbase CPU Mem
HDP001 Slavre HRegionMaster P4 3.00GHZ 400MB
HDP002 Slavre @ Zookeeper P4 3.01GHZ 1G
HDP003 Slavre ' Zookeeper P4 3.02GHZ 1G
HDI:OO4 p e Slavre Zookeeper P4 3.03GHZ 1G
I‘-lDP.OOS Slavre HRegionSever P4 3.04GHZ 1G
HDP006 Slavre HRegionSever P4 3.05GHZ 1G
HDP007 Slavre HRegionSever P4 3.06GHZ 1G
HDPO008 Slavre HRegionSever P4 3.07GHZ 1G
HDP009 Slavre HRegionSever Athlon 64 3800+ 1G
HDPO010 Slavre HRegionSever Athlon 64 3801+ 1G
HDPO11 Slavre HRegionSever Athlon 64 3802+ 1G

4 PR PEAL
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T 52865 ScallopdSC JE T VEAL . 5286 A A H
CS27-HNS sk 240 5 )= H S HdE, BRI % 1 fg. |
PESEBRESK A IFREATHEAL 2R, 7E Scallop4SC V’EF, SRV
=M 7L 58 Bz L AE L AN A L Java
MapReduceprogram, —~& Pig script, 5% —=AMEilind
G4 MySQL , IRl SQL SR TAF. Jit
Jei e =P 7 vk () R B I ).
42 BiEEHE

7t CS27-HNS BRI A2 5 J2 1 3 25080
ALFEIR RS i, W AOIRAMBERE. SEb b, {3 L AE
2 HESE. 2RISR T 32 R H AR ST RER
HLAE, BOE HATAR] 460 T4 dsk . S httAb
AR 7 2 H AR IS0 32 B as B e vy
FEUM SR REAE. AR — RN AR N —H . A
He ZANH AN HL 5 WIHE. ZERPUSE, ok
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L MapReduce FEF: BLF JAVA [ MapReduce
PR 5 R B LB T 3. 7E
mapper BB, S AAEZ AN R BESEH FE H Sl ki
A2 devicelD N LHEMIBE(E. 7E Shuffle FrBL, Frid
devicelD FHEM B BELR —W S, &G,
Reduce ¥ B, MRHEEEA devicelD 5 H L I THFER) R
. FEIXASLEH, Java MapReduce HICRERER T2 A
MERAT— 3L 57 17,

Pig Script: )25 5 Pig ol LMKIRIFE 1) TAE.
i H Pig, W LAFIH Hadoop S INZ% &) FIAZ H A 5K
FUASEE 234, SER AT AR A R R
records= LOAD'hbase://HouseLogTable'

USING HBaseStorage('info:device data*','"..")
as(id:bytearray,devicelD:chararay,power:double);

grouped_records=GROUP records by devicelD;
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sum=FOREACH grouped_records
GENERATE group, SUM(records.power);
STORE sum INTO 'RESULT.txt';

&4l SQL: g A2 AL SQL 5l
MR CAE. 28 e B M REFEREE L “sum™ AN
“GROUP BY”[{J i A i 5 Hi oK.
select'DevicelD',Sum('powerconsumption')

from'consumptionlogTable'group by'DevicelD'
—

Input Data Output Data

g 5

HDPO1 HDPO1
| {devicalD:tv01, consumplion:300} I

I {devicalD:1v01, consumplion: 300} ‘

| {devicalD:temp2, consumplon: 14} l\

/‘| {devicalD:1v01, consumplion: 320} 1

HDPOZ
| {devicalD:fan03, consumption:120} |\

HDPO2
\| {devicalD:temp2, consumplion:14} ]

4

| {devicalD:temp2, consumpton:13} JI I {devicalD:temp2, consumplion:13} J

HDPO3 HDPO3
| {devicalD:tv01, consumplion:320}

|{dsviwlD:‘an0.§ consumplion:120} ‘

K] 3 MapReduce £ #isab#

44 R

LI RN 4. x B R bR H S E R L
i,y SRR AT REAS IR R i 1) B R s M A 3
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— A, A, AR R 4R,

AR AT I (0] 5 B B ROE L. BT AR

— M SQL R AT S AERITERE. AR, Bt 35 Hodh 2 o 1,

WA MapReduce. SQL F1 Pigl!. SQL 4b B 2 K1) %
JEPUAE HEHE KL 26 708 4] t F ,MapReduce
TP T LA 52 SR A B R 2 I ) (14 43, R
% Pig 1 I AR Scallop4SC T3 %4451 T MapReduce
AR (Bl & oV S A P AN T 12018

2,000 4
==ee=fieees Pig
e SQL

1,500 -
——o&—— MapReduce e

1,000 e

500 4

o 4
r

T T T T T T T
0 100 200 300 400 500 600 700

CESR R ES

4.5 WHAERNEBREIETITHE
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HAE R TATI. BAVEPEA AR 30T &
FEDXRIFN—/NX. HREDX KL H 62000 7' 55 BE 4H 1,
A/ 1200 ' 5 BELH .

BB E R s BN 30 ARSI R
H &%, Jf e W 2 &% 3 Scallop4SC. WAE
PPt ol B ot i, ek ik s 2
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. 0 A A TR [ B R B R A 9 % D K
VL R S S, R A T 53 R S e,
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/ x5 IAFED
I 1% 4 440 X Hl—/NX
B 1 44k 65min 1min
i 6 Fhoh 651min 12min

x5 Won TR — KI5 E H SSRGS
AL PRI TR]. G5 RN, 28— 1500 X T Scallopd4SC J5t
T, S ] DATE & 3R] R Py A BR S Hs . AR AE
S OB K2 2 B ORRIME R /NX 1200 7
BT 10 AN/ PRI TR — AN S H sk,
AT EY FE ScallopdSC il 7N 2t 4. 1R
P B Ik T )k 25 5 BEA [R) M A i R Y, e IR
O P 45 2 A0 5 R SN
I TR

YEASCR S T AR T £ ScallopdSC, {3
W K A RS TR R LB 0 B R B4R
Scallop4SC J V2 {# ] Hadoop. MapReduce #/! HBase
T A BRI by 2 H G B, 4 s 2 G 2 A0
b HAE S o 7 BRI B AL e T —A
J5 7Y Scallop4SC. I SZEXT ScallopdSC VAN, T—
#, IELETFR Scallop4SC api, 45 &Ml N IR o)
T EA S
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