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Abstract

An Expansion of IoT Service Platform
to Enhance Data Usability

Seong-Hyeon Min
Department of Computer Engineering
Graduate School

Jeju National University

Supervised by Professor Sang-Joon Lee

In this paper, we proposed three features that should be considered in order
to enhance data usability in designing IoT service platform. First, 'IoT data
retrieval feature based on 5WI1H', second, 'Federated IoT database building
feature based on agent’, third, ’'Statistical processing feature of IoT data’.

For each of the proposed features, the necessity and the design idea were
presented, and the experiment was performed after implementing it in a state
that it can operate on the IoT platform. In addition, it was confirmed that the
features are performed as intended and the working procedure can be
shortened compared with the conventional method.

Utilizing these proposed features, we can further enhance data usability by
expanding the traditional connectivity—centric platform or device-centric
platform. This means that the wvision as a horizontal platform can be
implemented more faithfully, which is expected to accelerate the data sharing

and convergence service development between heterogeneous domains.

- viii =



Keywords : IoT service platform, data usability, DW1H, heterogeneous system,
data search criteria, statistical analysis, data integration, service convergence,

federated database
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Table 1. Data quality standards

of DQC

Usefulness

Adequacy

Flexibility

Usability

Traceability

Usability

Accessibility

Accessibility

Timeliness

Timeliness

Data

quality

Security

Protective

Responsibility

Safety

standards

Validity

Accuracy

Truth

Suitability

Essentiality

Correlation

Consistency

Compatibility

Conformity

Integrity

), B Rl AT A B i € ATE WF B B A

-

o EET F AU 2 A AR 4 2AES A ge7] 17 wete] g E
A5}

dole #g4v B s Bue, ARA4]Y ATE Fxeh G ATFE
ol 84 AH2e L B 744 AZEL 98] vlolE}t Aok & 54
o= Helsigon, e ATES iR dojg BEHS Al /A AR Yo

2 dgsta ook wae, JAA4)E o] 4SS Table 29 o] Relstant



Table 2. Definition of "Data Usability”

Definition
Usability Adequate for value creation through References
processing or re-using the open data
. - Understandable for various users without ISO 25012
Undertandability ) ) ) »
confusion or distortion (Understandability)
- No limitations for data processing, such DQI
. as hardware of software limitations. (Flexibility), ISO
Processability .
- No need for special support or 25012
configurations for using data (Accessibility)
- The leverageis available in variety
environments and situations. Also, can be
used in conjunction with other
) data(different from context, systems, DQI
Linkage . . -
institutions, and countries) (Flexibility)
- Redundant data inside the institution or
associated data have a consistent
management standard
- Data can be provided for users with a
. . DQA
Convenience familiar format .
. L (Utility)
- User satisfaction is high
- Compliance with the administrative )
Public Data
standard terms and codes
Management
- Easy for Integrated government data o
) ) Guidelines
Compliance linkage and common use of .
. . . (Readlines),
administrative information
) ) ISO25012
- Compliance with government data )
o (Compliance)
standards and institution data standards
2 = A e Akste AAe 7 BAAA o] 59 A7 AAlSkE dlolH
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He ‘FA4dolEH’Y 4 <container>%} <contentlnstance>#+ <Resource
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l <container> ‘

0.n

<container>

0..n
—i <contentlnstance> ’—

0.n 0.1 ¢
—< <subscription> ‘ ——| creator ’
1 0.1 )
<latest> — contentinfo |
1 1
<oldest> —] contentSize |
0.1 / 0.1
— creator | — ontologyRef |
0.1 ~ N 1 7 <
———  maxNrOfinstances | — content J
0.1 : »
— maxByteSize |
0.1/

—{ maxInstanceAge |

1, .
—— currentNrOfinstances |

1, R
——  currentByteSize |

0.1 /

— locationID |

0.1

— ontologyRef |

Fig. 2. Resource Structure of oneM2M

& H2] o 2= Table 37 #2 <Filter Criteria>5 ©|&3te] dolHE A
St Wyol o HAStaAt k= A E URI #AAZH sldsE Ievg
S BoA st wWaolt), ol A HABEE YdHek= Walel vl iEZ

BHoR fdstA HolHE ANT F dvks FHol vk



AAE el =
78] wZel

o
=
Ll

Table 3. Filter Criteria conditions of oneMZ2M
Condition tag Multiplicity Matching condition
createdBefore 0.1 Resource generation time is before
createdAfter 0..1 Resource generation time is after
modifiedSince 0..1 Resource update time is before
unmodifiedSince 0.1 Resource update time is after
state Tag Smaller 0.1 upda.tgd version 1is Smaller than the number
specified
state TagBigger 0.1 upda.t(.ed version 1s Bigger than the number
specified
expireBefore 0..1 Resource Expiration time is before
expireAfter 0.1 Resource Expiration time is after
labels 0.n Label equal to the specified value
resourcelype 0.n Resource type equal to the specified value
sizeAbove 0..1 Resource size is above the specified value
sizeBelow 0..1 Resource size is bellow the specified value
Resource information attribute equal to the
contentType 0..n "
specified value
Iimit 0.1 Results Return limited number
. Resource attributes equal to the specified
attribute 0.n i
value(ex:creator)
flterUsage 0.1 Filter - gsage equal to the specified
value(ex:discovery)
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oneM2M {0l A A-&3dti= <Filter Criteria>+ ©| &gt TH A HES A3}
Table 49} o] T dAHo] HF3AY, & 40]#] &2 HES AT 4 AT
AAE FZHALAE F Fie <ddolE WA (stateTagSmaller /

stateTagBigger)>, <95 Y2} (expireBefore / expireAfter)>, <& (sizeAbove
/ sizeBelow)> 5 =9 Ae]l F&ol} A28 Balo] s QrSola, =4
o8 7F £dstaat abe AS3s 48T 5 e Fod e he <AGd
Al (createdBefore / createdAfter)> 8249 <& A (attrubyte)> S 2 A 9]
<creator> Q.4&7F ZzF ‘AAe} ool ik 2o m AREE F s ¥ ‘o

HA, S, gAY, el deiM e 2w AREE 5 e ol gluh

Table 4. 5SW1H expressive review of oneMZ2M Filter Criteria

oneM2M Filter Expressiv o
5W1H o Description
Criteria eness
createdBefore,
When O can be used unchanged.
createdAfter
A device ID to generate the data can
creator only be viewed. But can not know
Who . A .
of attibute who 1s the agent of the data
collection practices.
label, .
It can deduced what the data is, but
What resourceName of A .
i that is not clear
attribute
A device ID to generate the data can
creator only be viewed. But can not know
How . X . .
of attibute the data collection system or device
type.
Why N/A X not considered.
It provided with a process to obtain
the location information of a specific
Where N/A X ) .
device within the platform, but can
not be used as a Filter Criteria.
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2) Mobius Platforme] Global Discovery Platform
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Owner : Owner : b
- L]
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: CREATE/ :
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3 : : >
A4 " » A4
Device,
Device App

API

Fig. 4. Topic based Information Architecture
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B2 AZES O do]dE of7|dlxEo] &&%d BDI(Beliefs, Desires and
Intentions) @S A 31317 918 BDI 29[23] 249 §35937 2450 o
3 AP #A S Table 59 #o] AAsFA )

Table 5. 5WIH and BDI

5W1H Concept BDI
Who Profile (including Needs / Preferences)
Where Spatial conditions Beliefs
When Temporal conditions
Why General aims Desires
What Specific goals
Intentions
hoW Selection of plans
Aol A A24]0] AFEAE Y AR dF AYiE S F4 QAo
29 AReEA AdiE et PN NS g LERAS B

Profile Manager Context Manager Ontological Concepts
Profile Roles . (?;ﬁn \/ Inst\/ Réla \ Da-ta \ (o aac)
CAswiHOnto \cepts )\ ance )\ tion AType \RUIE5)

[ Who 1 When | Where)l Why | What ‘|‘ How :\

Subject ) :

Access Permission

— AlG
A
ccess G W] QY cIG
Conditions
PIG

Fig. 6. Structure of context based dynamic access control model
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g DB Al 2~ ®l(Federated DataBase System)< AFx|Ao] 9l th+¢ DBE
shfe] A% Alz®lom tE & JA sk HeolHMol A ] AJ2FY] dFol
T}H13]. 19851 D. Heimbigner, D. McLeod[10]7} A]<tsk o] &
o] Folxom, HolE Mol Fitel #e e VIHER e HS HE AA
A FAANZIEA IEH o] 2R Fegitt= Aot

AP. Sheth, JA. Larson[11]2 & do]gu]o]~ Al2=de] tfdt A} EX4&
ol AA B A A agafor st olrEd siAMRMS A=, olE0]

A G A% DB Al=®le] 4L Fig. 73 2o

i
v}
oR
b
2
-
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o{t

ot

FDBMS
Component ‘ Component N Component
DES1 DBS 2 DBS n
Component DBMS 1 Component DBMS 2 ComponentDBMSn
(a centralized DBMS) {a distributed DBMS) (another FDBMS)
: wCZ:mpone?w( < : ‘C'o'mpongnti 7 : 7C’dmponé~mv -
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Fig. 7. An FDBS and its components
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Observations Data Model
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Fig. 11. CUAHSI ODM Overview
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DATA CONSUMERS

Service-oriented architecture

Enterprise service bus (ESB)
(SOA) applications and portals

extract transform load(ETL)
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Provision data via any interface
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Dashboard
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CONNECT Access data from any source
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Enterprise
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Fig. 13. JBoss Data Virtualization
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Table 6. 5W1H mapping results

fire monitoring,
etc.)

5W1H IoT Element oneM2M Filter Criteria Expansion
When measurement date| createdBefore / createdAfier
(existing) and time - Existing entries use
meastrement gpsLatztudf?, gpsLonthgde, gpsRadius '
position - By entering the coordinates and the radius to
support the search for the data measured at the
(GPS) ; ..
Where radial position
(new) . .
measurement zipcodeAbove / zipcodeBelow
position - By specifying the ZIP code coverage to retrieve
(zipcode) measurement data to administrative district basis
measurement owner
agents -  Support to search by the management
Who (management organization of the things
(new) organizations of | — It should be managed as metadata
measurement - It should provide a list of
system) available organizations as filter criteria
measurementObject
measurement - Support to search by specifying a measurement
What object object
(new) (precipitation, - It should be managed as metadata
temperature, etc.) | - It should provide a list of
available measurement objects as filter criteria
method
measurement - Support to search by specifying a measurement
method method
(radar, pressure | — It should be managed as metadata
sensing, etc.) - It should provide a list of
How available measurement methods as filter criteria
(new) equipment
measurement - Support to search by specifying a measurement
equipment equipment
(equipment model | - It should be managed as metadata
name) — It should provide a list of
available measurement equipments as filter criteria
measurement purpose e
Urpose - Support to search by specifying a measurement
Why . L. purpose
(new) (river monitoring, | _ It should be managed as metadata

- It should provide a list of
available measurement purposes as filter criteria
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Metadata Management

Measurement Measurement Measurement Measurement Measurement
Object Equipment Method Purpose Owner
Management Management Management Management Management
(What) (How) Ji (How) (Why) (Whao)

This Aftributes shallbe managed as metadata for cross domain discovery

— - -

Provides avaisble Discovers Resources
Filter Keywords with Metadsts
= o —
b o by ==
Integrated Integrated Integrated Resource
Keyword list Query Engine Management System
forSupplement Data for MeasurementData for Measurement Data
5W1H based 5W1iH based 5W1H based
Fiiter Keywords Filter Criteria Data Model & Storage
. - v . " g Measured | Measured
Datetime Position
Sends Queary statement with Sslected Filter Critenia 2 (When) (Where) >

Fig. 15. Structure of resource management system
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Keyword list
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Query Engine

Integrated Resource
Management System

Metadata
Management System

for Supplement Data for Supplement Data

for Measurement Data

for Measurement Data

Query Type ‘::

<When>

“Where> '4— Measurement Data

Query Type Keywords —— -

2

Metadata IDs AU

Keywords

<How>

<What> .
<Who> -— Metadata IDs —-.
<Why> «— Query Result

4—— Measurement Data

T

<~ Keywords

Query Type Keywords &

position, datetime — ¥}
<When> )
“Wheias Keywords
<How> Metadata IDs
<What> el
<Who> i [~ Metadata IDs —¥»i;
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: 3 1 Query Resuit

ig——— Measurement Data S

Fig. 16. Data search processes based on 5WI1H
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Ao Al A o]F A"l [oT Hole At 9 5§ Heo| Alxde]
AA SAEE Fig. 1734 Zoh o] Ax¥lE 3dle Data Federation
Management System(¢]s} DFMS)¥} Th=2] Data Federation Agent(¢]3} DFA)
o dA= P4

Data Federation Management System Heterogeneous System
x1 DB Server xN
Federation 2 Information Retnzve by DFA _ | Data Federation
Management Module L 1 Agent(DFA)
. . 3. Query A em—
Transfer ( 7 4 Dynamic
ByUser | [ Query
1 In(o."manon Union Query By Generafe | |5. Dafa
Input Modude > W and Retnzve
By User viodue <% Datz Exescufe and
. . Refum By DFA Translate
By DFA By DFA
Userinterface Legacy DEMS

Fig. 17. IoT data federation concept
2) dloly A3 e A==
DFMS(Data Federation Management System): o] A]~dlo] Zo]x] i+
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Table 7. Union query example

Query
Type Query Statement
Zincode select measurementType in (waterlevel,rainfall)
bzse d and measurementDatetime in (20150101-20150228)
and zipcode in (61253-61255)
GPS select measurementType in (waterlevel rainfall)
based and measurementDatetime in (20150101-20150228)

and position in (34.125,126.532,10)
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of Zgste Woln], 185 19747 Table 8% 2ol 7|7+ 71%S Hata, 3
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oft
>,
N
N
N

Table 8. Basic statistics definitions

Div. Definitions
Statistical . .
a IS. fca Iminute, 10minutes, lhour, lday, 1month, lyear
Period
Type of . .. .
o Maximum, Minimum, Average, Sum(value), Sum(Quantity)
Statistic

Table 89] 7|7t 71l dis] AwsiAd, BE AHEe] do|g= 7 Al&Eo] A
o8& 33t AgstaA v 1&vid sid 12 &<t FHE dolgo
el Hoigk, Haw, Bk, @ @A, AT FAE =St F
vl g o] S Agth Fig. 182 olelgt FA418 dHeolHE #gdt= EHlol &9
TF2E Yehdth o] HolES EE A HolHE ez 7+ A4 dolEod
e 54 Aldole gal A 7z BA 4E HES #AYT F JdxE A7

& At

3

o
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_ sensor_statistics ¥
id BIGINT (20)
» average DOUBLE |
maxmum DOUBLE
minimum DOUBLE
num INT(11)
* period_date DATETIME
total DOUBLE ‘
type INT(11)
version INT(11) !
» sensor BIGINT (20)
sensor_id BIGINT (20)
sensor_name VARCHAR(255)
v
PRIMARY ‘
FK_kwSOt 7seyejtywfs) 1fpx

Fig. 18. Basic statistics management schema
3) 7128 &8 T2 M
Fig. 19+ A1 71254 A4 A4 2 1 23 dolHe &8 Mds =243
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Basic Statistics

Analysis Ul
loT Device Rt
Processor
Open APls
for Analysis

Basic Statistical
Data

Fig. 19. Data store/retrieve structure for statistic analysis
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SI#0] ZX|=R Y2ASEILCE 2iol AER B3 AZicHH SYUYE 3SR,

with 83 Things, 2 62 Sensors, SensorLogs

Platform Resources : 10 Servers, 2 0 System Elements, 1 6Mnndarin Users

AT 45 YO0 W 7SS

rn

HEE BE X2 Y Status Dashboard

AT AxX| ARE
S?)‘ZEMON . Diskusage W orEMON  44.970058126003835 t

i |
H Gompara o
i SE 44.9700 s
| sE2 =
. I CE1_MASTER = ji
CF2 S AVFY _:
44.9698

1.88 TB / 9.19TB

05-12:2016

—EF
g

44.9696

05-12:2016

[

Fig. 20. Dashboard of mandarin platform
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YA HEA Feld = gl WEEL ZgZo AZ%E Thingd Sensord
7, SensorZF-E 3 ¥ SensorLogs® <, Server ¥ User® 4 Golt}t gk

O~
ddd T8 xsl THEEH, AHEE 55 A AEelA FA T

ukthel ZPEZ S ALEQdEY A AE Thing® Sensors 7he] #A, T
Actuators 7te] #AIZ AHYst=s AAEHASH, Fig. 21 - 2404 Hol= A

AHU Muj = EdForAM e Ves 2t

I
=
Fal = BRE oty A HAFE &4 stel A A= sl HelHE addes
A
=}

~ R |

Status

M #@uE 2aynE sesMe. SIE|N0) HEEE AHEEE B2l + UASUCH AHEE FVST/AAY 4 A7,
| SIo] UX|=H RrERILICL SR0|M BAUE AHEE RS HPE FXF0| BAELICE

@
'
H
&
¥

HAE A=K AR

Things and Sensors Registered

1.88 TB / 9.19TB

Hx|Lof ZRRIH|CI= A ZEQ 0] R HIE]

Fig. 21. Things & sensors status Ul of mandarin platform
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© Id Thing Name Owner Thing Type Zip Code Is Moveable

4}

@ 131 Aqua = gemscrc 100 false o K i}
) 130 AWS-885 gemscrc AWS 33.3315 false @ £ i)
m 129 AWS-871 gemscrc AWS 33.3624 false ® d i
] 128 AWS-870 gemscrc AWS 33.3698 false ® 7 i

127 AWS-855 gemscrc AWS 33.1664 false ® K i
m 126 AWS-793 gemscrc AWS 33.2167 false ® | /|1
& 125 AWS-792 gemscrc AWS 33.3536 false e ks i

124 AWS-782 sumeng AWS 33.3852 false ® K i
] 123 AWS-781 sumeng AWS 33.5199 false S K i}
| 122 AWS-780 sumeng AWS 33.28 false ® ’ i)

Fig. 22. Things management Ul of mandarin platform

Sensors

A0l HIEE HMES H2[5HT, HA CojEHE =g & UASLICH
ER0|A BAUAE UM E ClEE={5HE WA Cl0|E{7} EAIEILICE

© @ XCsv || &xis || &POF

10 4+ records per page Search:
5 =
o © d Name Sensor Type Thing Sensor Id Measured Value 2
g T 294 water 1001 Aqua £%_131 aqua0? ® | /W N

| 7 283 Do 1001 Aqua 4% _131 aqua0t ® 7 i 5

0 | 202 ph 1001 Aqua $%_131 aqua01 ® | /|1 %
‘ ] 291 temp 1001 Aqua #X_131 aqua0i ® | /| i k
| N | 200 food 1001 Aqua $%_131 aqua01 ® | /7|1 i
A @ 289 salinity 1001 Aqua $Z_131 aqua0t ® | 7| 1
| 288 nitrate 1001 Aqua +X_131 aqua01 ® | /7 i k

o 287 HNO2 1001 Aqua $=_131 aqua01 ® | /| @

7| 286 NH3 1001 Aqua $%_131 aqua01 ® | /| 1

) 285 aws-130-43 aws-windspeed AWS-885_130 885 S ke i

Fig. 23. Sensors management Ul of mandarin platform
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d

22661085
22661084
22661083
22661082
22661081
22661080
22661079
22661078
22661077
22661076

Measured Datetime

2016-11-29 21:43:47
2016-11-29 21:43:47
2016-11-29 21:43:47
2016-11-27 17:02:47
2016-11-27 17:01:32
2016-11-27 16:59:06
2016-11-27 16:59:06
2016-11-27 16:58:37
2016-11-27 16:58:36
2016-11-27 16:58:35

Measurement Type

EC(H7I¥EE)
weight
weight

position
position
position

urgent
position
position

urgent

Measured Value

1.62
694
5303
1
12
1
0
12
12
0

Latitude

33.4318562
33.4318562
33.4318562
33.4318562
33.4318562
33.4318562
33.4318562
33.4318562
33.4318562
33.4318562

Longitude

126.92552249999994
126.92552249999994
126.892552249999994
126.92552249999994
126.92552249999994
126.92552249938994
126.92552249999994
126.92552249999994
126.92552249999994
126.92552249999994

Fig. 24. Sensor logs management Ul of mandarin platform
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dolg #e]§ 27vE Fig. 259 #o] +d3}
zip_codex ZA X E, measurement_type Z=AHFHS UEHE 24594,
o] AR EL Hfst HAES T HEe ~27viz BT % JAINH dHolH

x£3] Ao Fde 98 At AF s HEste] SA4E dHolHe L7 AT

ob el A e E =S s AT E3 o] 9o Sk 2452 HEe &7
kS Fa vEtHolH2=A dYE =S TAsAt

ofr

Field Type Length
id BIGINT s 20
measured_datetime DATETIME S

latitude DOUBLE &
longitude DOUBLE ~
Zip_code INT o |
measured_value VARCHAR L 265
measurement_type BIGINT $ 20
sensor BIGINT s 20

Fig. 25. Table schema for sensor data
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SIE| 0] A= AHREE BRIR 4 ASLICH AHRER F7V/-2/AHY & /UL,
SEOIM QU= A ClEECSE HAH FAIWO| BAFLIC

“ Thing Name :

Password :

* Thing Type :

Zip Code :

Longitude :

Is Public

Is Moveable

Sensors : o
s This relationship is managed from the Sensor side.

Actuators : )
© This relationship is managed from the Actuator side.

~NEF!

Fig. 26. Thing registration Ul

T3k ARG AKHe A Fig. 273 o] veldolEHZA #EH =S 31,
o5 A AR AMGEte] #ElE & A FHEAT old S T ALE

4, AU} 2ol AgA A BHFHL ol &3}

o
o
of Heolel dHdE AL 5 U sk Fig. 282 old W29 doly dH

9 715 AFse g AF o] sol
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T s

Measurement Type

M7 HE8s 55| SRE B2/ 5+ ASLICH
+ZE Go[E{E =3i8 of 0| 017]0] Y=E £ SHE W38 = ASLICL

Measurement Types
Measurement Type
* Measurement Type Id * Measurement Unit Numerical
o]
|
Search:
© Id Measurement Type Id Measurement Unit Numerical
= 47 aws-windspeed m/s true @ i
a 46 aws-winddirection degree true @ i
=] 45 aws-humidity % true @ i
=B 44 aws-temperature c true S i]
43 aws-rainfall-yn yn true @ ]
7 42 aws-rainfall mm true ® i
7 41 rain_YN 1/0 true < i
= 40 pressure hPa true ® i
- 39 humidity % true @ i
B 38 winddirect degree true ® i

Fig. 27. Measurement type management UI
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.

Find Sensor Logs

* Measurement Type :

* Start Date(ex: 5/1/16) :

* End Date(ex: 5/30/16) :
“ Start ZipCode (ex: 60001) :

* End ZipCode (ex: 69999) :

Fig. 28. User friendly filter Ul
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3. olo|XME 7|Ht ToT ¢E DB 7Y VIS
D "oy A e A=F
DFMS+= AREAEF QIE o] A #ey e, ¢ 29 Res ¥dshe
7IRE fE Aol der FAGI oM, FHotaAt sk AR AE Ul AHjA Z9
Z el AAHo A4 EE st DEMS 7% 2 Ae3H7% 2> Table 99F 2
. DFMS+ olF Al&d Ao Zod ArES dddts 7los 8% o=
g, o] & 7leE5e A% #y RE'EA FHsAT
Table 9. Development and experiment environment of DFMS
Div. Information Description
Programing Language JAVA (JDK 7)
Devglopment Web Dev. Framework Spring Framework 3
Environment
JPA Provider Hibernate 4
Operating System Cent OS 7
Efjier((:;i;):nt Servlet Container Tomcat 7
DBMS MySQL 5
of W, dF A4S 915 ek S Fa Aw FEE Table 109 2t}
Table 109 et AR5 AAA Azde] geats] 98 Bag Juss,
A7 delHety 238 g2 EFPHoR Ader] e Bad Fusel
Z3olth o] ARES Eelq @A ol UE HolHES dwd P waelo
283 + A Ak
2 =rolAe Tt A Table 10 A HKr £, Who, What
of e A= FrhHer #wert Thestth AEAQl F4 Fx2 Muls S YE
M= g FAY 8 FHl i) wele ek gloly] dEel
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AAA A2RES dolguel 2ol Y JuEol EASA g A gy
BolAw, olel@ ANEE 3 Txo FAECD BFHY Wels F837 2
g2 5 gov oy A% T4 A vieolHzA sl FF A4
NEoR B8 5 A T Bk Ak ol dole B HAelA sl @
Astd 29 A2e AR 3E AsAe uAs Q7] bt

Table 10. Heterogeneous system'’s information for federation

Div. Information Description
macAddress macAddress of legacy system

System information of sensors in legacy DB(ID,
Sensors ..

Info. measurement position, measurement type)
dialect DBMS Type(MySQL, Oracle, etc.)
tableName target table’s name
valueFieldName value field’s name
datetimeFieldName datetime field’s name

. datetime format pattern
datetimeFormatPattern exiyy-MM-dd HE:mmiss

DB

Schema | variablelnfo measurement type .
ex: temperature, humidity, etc.
ositionInfo measurement position
P ex: GPS position, zipcode, etc.
a multiply Coefficient that will needed
unitTransformCoefficient value standardization
ex: cm — m : x0.01, kg — g @ x0.001
databaseUrl DB access path
DB
Access | databaseUsername username for DB access

Info.

databasePassword password for DB access
o] ARES desn hHl o]F Alzgle] @74 DB Aol DFAZ A&
F gtk o, AAA AzgelAe] A 24aT Hastes] 98 HAAGE
slne A S & A FARYEY 9% B REC] s Table 109
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Field Name, Sensor Id Field Name, Value Field Name, Dt Field Name< &%
A A&z AHEE AHoH

23, Dt Format Pattern< A2 4SS #38 Al&sts dRolt U
FolA 7IRoem AbEets AZFE A o] Al&E AIRE o] Aol et
of W QEE ANGY e Fx
dAskgith o] W, AHgAE Ak Qoje Ak EAFHL ol el ABHmA

s ol %A 28 DBIA Aelsta Qe Al 48 AEE 5 vk

of!

I0T-SE : ZHA] AlAHS] AHRES= HARLICE
FROIA AU AHEHE ClEESE A FREWO| HAIEUIC

Ip Address :

Mac Address :

DAEMON

Is Enablec

Sync Interval :

Owner :

Table Name :

Entity Id Field Name

Sensor Id Field
Name :

Value Field Name :

Dt Field Name :

Dt Format Pattern :

Dialect : MySQLinnoDBDialect

Fig. 29. Database integration setting Ul for legacy system DB
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Unit Transform Coefficient= ©$¢ ®WES 93k Alg=o|t}. HlolgH e #F3 o]

§ IoT-SE: 3|HA| AlAHIS] AREE SESHLICH
SR0A BAJAE= AHEE ClEE=5IE HEE YAIFO| BA|ELICL

lot Ses
E y
. o @ &csv || kxS || xpoF |
] ]
{ Search: |
g © Name Ip Address Mac Address  * Things Server Is Enabled Sync Interval B
= E‘
L] = |
§ || ISE-AF-29¥ | 39.114.196.111 | 00:24:D7:02:93:7C RAIN-JEJU_76 DAEMON true 60000 ® | /i q
L] =
N test-ise-bus 39.114.186.111 70:56:81:a2:bf:71 test-ise-bus_79 DAEMON true 0 ® | /S| E
test-ise-park 39.114.196.111 70:56:81:a2:bf:71 test-ise-parking_81 DAEMON true 0 ® | /i
|| test-ise-river 39.114.196.111 70:56:81:a2:bf:71 test-ise-river_80 DAEMON true 0 ® | f\
U

Fig. 30. Legacy heterogeneous systems federation management Ul
= O A~ iy = = == : - = =

I 8] JREL DB H&dd 24839 AR ERH, 11 F Dialect= DBMS F 5
=2 T E= = A= S
= #%4ds 2 AdHEE A ¥

H

b= AR A, of7]d] A% ARdz s4<
A= vHAA H= FEolvh Fig. 302 558 dAAN Al2EEY AEo|th

2) "oy A coldE

DFMS$}F o]% A=l A5 9af adlAA A" o] AAsls T2
¢l DFAE #7112 Fdsg o, Fig. 312 DFAY Ulf FALAES wdst)
DFAE o]F Alz="el #AA DBMSel 24 Hdstes Z2af oz DFAZS

FAG QoA b Fad wel 2L oF Axsgel $dBHel UF 74
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AR A= Y olF A" WolA FAHA =S DFMSO] Add 4H
= DFA?9] Connection Configurator’7} ¢1o] Q.= w2l o2 &35t}

DFA+= DFMS®] ‘5§ 2o Es'28H Fiss Ao 248 AT & 3l
olof sh=dl, ol& &l RESTful ¥4} API Algo] 7}sd Web 7]ut of &]
AolAo g F&sth thwk o] A9 Servlet Container A% 348 sl
qeials Hasslr] 98l 4% Servlet Container$! Embedded Tomcats
2ad Jgste WS AL ol ZREadoe] Adgd u, W% Serviet

2]
Container= &7 A& == HbA o]t}
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Data Integration Agent /(
(JAVA based) —id

Connection Configurator

Query Receiver

?

Servlet Container JPA Provider
(Embedded Tomcat) (Hibernate ORM)
DBMS for Data Translation

(Embedded DerbyDB)

Fig. 31. Structure of data federation agent

A APIE =3 41" 2o 8AHE Java Persistence API[44] Provider¢!
Hibernate[45]5 &3 @74 DBMSel| %= Aewoz As Wk 9 Ay
= T35t th Hibernatex AEshs tiFe] 58 RDBMSe| gk 53 H

T AAS AYT 4 Atk Hibernate?] ©]#d 715 o] &3] Connection
Configurator’} DEFMSZ -8 ¢lo] £21 #AA DBMS9 #3 % ~7|u} AHE
ol-gste] A HelHE & AlzdelA wlg Aol Fe dHoly X7]wtel] gt
A WEsta AR W3ste 7lsS A o i, dloly W A7HE A

A @ ER(l kg > g, mm > m T) T AYS AFo=M, ARG A

QA HAA delHE Hlg #
gkl WADBSR! DerbyDBI46]el A&d 4 =% &8tk DerbyDB+=
Embedded Tomcat®} vwlz7tx 2 Z 2o JIAITd ¢ A= AT 9Z LA

DBMSe©|t}.
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4. ToT diolEle] SAX Xzl JIs

MAolA AAS 88 veow Fig 20 2& -84 QAgso| 28 TAIAT
o] QEFol A% o] g3lw, Uahi= vlolHE A8 AFA FH L o] Gate] =
5 Qe wek ope, Mg dolESe] A7 &40 A= Aolato] A
H)aL7h ol A Sol 1A wlolEl Al Aol B 7| 2E HolHE A eEs
gromm, #7149l volE Mg 74 glolw gkl BEA doly BAL Faw

F QA TS

EEHE dolEEe gl 1z Yo Azakstel, AAYD B0 FeaER
TR T, Aok dolE £aE A F ula g dlolE xnE MY EE
AASEA 24 S AAT 5 QA AT T, 710 WAE Seh AE =F
WAoR fASA WA Asees Fastd.

Data Type : @Record Max Value D aws-105-ta -1.75% jrms-106-ta 1.29% Select: 105 %
- GWS
~Min—Sum vns-108-ta  5.43% [l aws-109-ta  3.08% —F
Average —Number [irms-110ta 4.91% [l aws-105-hm  -7.69% Compare to:
[ jrms-106-hm  -11.18% [T vns-108-hm  -7.01% .
Statistics @Day ~ Hour B avs-109-hm  -22.74% [l irms-110-hm  -18.08% B aws-109-ta
5 1 jms-110-ta
Time: Minute ik s 35 chart by amCharts | B aws-105-hm
= 20% IPE) AR\ 4 B jrms-106-hm
Measurement  aws-rainfall A 17\ e z = vns-108-hm
Type: aws-rainfall-yn 10% = pik ”/ / L‘ APy “J" N = m:ﬁm
aws-temperature [ ¥ N / Y /i Ui WV R
aws-humidity 0% / VR -
aws-winddirectic \Q\’\ e
\! :
. 0%\ 03-09-2016
StartDate:  03/09/2016 00:00 VR =
-20% 08-09-2016
EndDate:  0g/09/2016 00:00
-30% Zoom:
1 hour
0% A " / 1 minute
Start ZipCode 3900 Y
(ex: 60001) : -50% MAX
Volume || aws-105-ta 0
* End ZipCode  g3009 =
(ex: 69999) : JS chart by amCharts
B TN
0
ep 03 Sep 04 Sep 05 'Sep 06 'Sep 07

Fig. 32. Ul for data analysis

olgs] 235k, A HolEHEE FAH B Agle] HEE 5 YRS o]
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H AEz 28 5 A s, 4 24 #del €A A2 5 =5 Fig.

337} o] WY FHomel &Y 7¥L TAFAL

File Name: StatisticsFile_1479432828899.csv

File Size: 58177.0

File Content: date, 138, 144, 150, 156, 162, 138, 145, 151, 157, 163
2016-09-03 00:00:00.0, 23.0, 23.4, 22.4, 22.6, 23.0, 91.0, 93.5, 98.5, 96.5, 97.5
2016-08-03 00:10:00.0, 23.0, 23.4, 22.3, 22.6, 23.0, 91.0, 93.3, 98.0, 96.5, 97.4
2016-09-03 00:20:00.0, 22.9, 23.4, 22.3, 22.6, 22.8, 91.0, 93.0, 97.6, 96.4, 97.2
2016-09-03 00:30:00.0, 22.9, 23.3, 22.2, 22.6, 22.7, 91.0, 93.0, 97.8, 96.4, 97.4
2016-09-03 00:40:00.0, 22.9, 23.4, 22.2, 22.7, 22.5, 90.0, 92.8, 98.5, 96.4, 97.6
2016-08-03 00:50:00.0, 22.9, 23.3, 22.1, 22.7, 22.4, 91.0, 93.0, 98.5, 96.3, 97.9
2016-09-03 01:00:00.0, 23.0, 23.3, 22.0, 22.7, 22.5, 90.0, 93.2, 99.0, 96.2, 97.7
2016-08-03 01:10:00.0, 23.0, 23.3, 22.0, 22.7, 22.5, 90.0, 83.2, 99.0, 96.1, 97.4
2016-09-03 01:20:00.0, 22.9, 23.3, 22.0, 22.7, 22.6, 90.0, 93.2, 98.3, 95.8, 97.1
2016-08-03 01:30:00.0, 22.9, 23.2, 22.0, 22.6, 22.4, 90.0, 93.0, 98.6, 95.7, 96.9
2016-09-03 01:40:00.0, 22.9, 23.2, 21.9, 22.6, 22.5, 90.0, 93.0, 98.6, 95.7, 96.9
2016-08-03 01:50:00.0, 22.9, 23.2, 21.8, 22.5, 22.5, 90.0, 93.0, 98.7, 95.6, 96.8
2016-09-03 02:00:00.0, 22.9, 23.2, 21.7, 22.5, 22.8, 90.0, 93.1, 98.7, 95.7, 96.7
2016-09-03 02:10:00.0, 22.9, 23.2, 21.7, 22.4, 22.5, 90.0, 93.1, 99.0, 95.8, 96.2

Created: 2016-11-18 10:34:18

Updated: 2016-11-18 10:34:18

Fig. 33. Matrix style dataset output

Fig. 332 Z 9% stiadoA 85295 235k Aola, o] I
Hkol dojr i A A 2= CSV(Comma-Separated Values) Y & A o

96 ¢ F Qor, 1 e Fig 349t 2,
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A B C D E F G H | 4 K

1 |date 138 144 150 156 162 139 145 151 157 163
2 | 201693 0:00 23 234 224 22.6 23 91 93.5 98.5 96.5 97.5
3 | 201693 0:10 23 234 223 226 23 91 933 98 96.5 974
4 201693 0:20 229 234 223 226 228 91 93 97.6 96.4 97.2
5 | 201693 0:30 229 233 222 226 227 91 93 979 9.4 974
6 | 201693 0:40 229 234 222 227 225 90 928 98.5 96.4 97.6
7 | 201693 0:50 229 233 22.1 227 224 91 93 98.5 96.3 97.9
8 201693 1:00 23 233 22 227 225 90 932 99 96.2 977
9 | 201693 1:10 23 233 22 227 225 90 932 99 96.1 974
10 1 2016.93 1:20 229 233 22 227 226 90 93.2 983 95.8 97.1
11 201693 1:30 229 232 22 226 224 90 93 98.6 95.7 96.9
12 201693 1:40 229 232 219 226 225 90 93 98.6 95.7 9.9
13 201693 1:50 229 232 218 22.5 225 90 93 98.7 95.6 96.8
14 | 201693 2:00 229 232 217 22.5 228 90 93.1 98.7 95.7 96.7
15 201693 2:10 229 232 217 224 22.5 90 93.1 99 958 96.2
16 201693 2:20 228 232 216 224 225 90 93.1 98.6 95.9 9.8
17 | 201693 2:30 228 232 217 22.5 227 91 928 977 95.8 96.8
18 201693 2:40 228 232 22.1 224 22.7 90 929 97.2 95.7 96
19 2016.93 2:50 227 231 22.1 22.5 226 91 92.9 96.1 95.5 96.3

20 2016.93 3:00 227 231 225 224 227 91 929 953 954 96.3

Fig. 34. CSV file of dataset

ol FA Holel #AL 3 2 Hlolel MES o] §3to] 7] 2H 14 JWE
S dFHew s Fdsta 1 Adds BINR FHAFE 7eS THE
of W, B4 A4 Zzely Aelel R3]S o] §3tglm, FAFE oA R 2Aojs)
AGEel mrade] =S TAS Fig. 355 712 B4 A% FdS 9%
R Z2ady ~agee] dyioln
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library(gridExtra);
library(grid):
library(gtable):
library(ggplot2):
library(reshape);
library(dplyr):
library(corrplot):

library(xtable):

dir_name<-setwd(”./");
data_file<-"aquaData.csv”;

result_file<-"analysis.pdf”;

data_file<-paste(dir_name, data_file, sep="/");

DataFile <- read.csv(data_file);

S&F ...

par (mfrow=c(2,2),mar=c(4, 3, 3, 1),oma=c(0.5, 0.5, 2, 0.5));

plot(1lm.data):;

dev.off();

Fig. 35. R program code for basic analysis
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Al2=dlo] DFAE A A 3]F3 DFA7F #Z38tE DEMSe] A4 Ho gle A o
A olFE AlaEle] MAARE £aH o R WA o] W WAEE AR 7t
7] TtE E7F < DBMS¢ ~7ntE %3y 3% A4 A Eo|th

Fig. 369141 H.%°] DFA7} W7

d EF d4ol s HelE S Wed F WA DB AAHow Ae= A

Table 11. Data translation testing overview

job description

prepare three
experimental legacy
databases

schema :table name, fields name, datetime etc.
DBMS : MySQL 2sets, PostgresQL 1set

legacy system’s access information
(DB path, username, password etc.)
legacy system’s sensor information
(sensor ID, type, position etc.)

enter the sensor
information to collect
on integration server

experimental bus information system data transformed

check the data in result
embedded DB while experimental parking information system data transformed
changing the sensor result
information experimental water information system data transformed
result
of AgE Tl T F Ae S 7] °E =9 AA, DBMS, DB 2~7]n}
2 239 874 FHOR 48T F At WE oolHE Z2IPL o] §3to]
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7]

PN
=

of nlsl A&sA FEAl

Z]

PN
= T

Al At

step job legacy DB  legacy DB Schema embedded DB

DB1:Bus She
0 DFA ‘-eggc)’ 082 Parking ) Initial data
DE3Wster Orow
‘ o ‘ DBMS :

" request : scheme info. MySQL Initial data
< DB1: s 0 row
return : scheme info. bus Info. m:l:d fields :

speed,
Syten registered
legacy data query data
2 == > 100rows  datetime format:

data transform/store yyyy-MM-dd trnasformed &

HH:mm:ss stored data
100 rows
request : scheme info. DBMS :

3 — DB2: PostgreSQL

?eturn :scheme info. ;::;Lkmg main fields :
) Measured_value,
legacy data query ;ft‘:’“ measured_datetime
4 . > :
- 100 datetime format :
data transform/store e MM-dd trnasformed &
wy stored data
request : scheme info. DBMS : 200 rows

5 < pes:  (MySQt

return : scheme info. water Info.  main fields :
system value, I |
legacy data query data observatedate trnasformed &

6 < P 100r0wWs  yietime format: | Stored data

data trazform/store Wyy-MM-dd 300 rows

Fig. 36. Flow of data translation test
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Table 12. Federated systems for union query

Legacy Systems Description

OS : Windows Server 2008
DBMS : MySQL 5

System #1 ¢ Data
(sensorld : 1) measurementType : Waterlevel
measurementDatetime @ 20150630720151231
measurementZipcode : 50000

e OS : Cent OS 7
e DBMS : MySQL 5

System #2 ¢ Data
(sensorld : 2) measurementType : Rainfall
measurementDatetime : 20150930720160331
measurementZipcode : 50001

e OS : Mac OS X 10.11
e DBMS : PostgreSQL 9.4

System #3 ¢ Data
(sensorld : 3) measurementType : Rainfall
measurementDatetime : 20160101720160630
measurementZipcode : 50002

Table 129} zFo] AAZF F9 Ao thido] H= A Axdes 4882
= A DFEMSE ol&3ste] =318 WAs7HA doly %35 A =8ttt
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7} DFMSel| 2% =5 FASAL, AA A= dAA Al=d Hash 2

Fig. 37 =74 dolg %3] 7|%< AFstsE 53 28 A4 e o

Find Sensor Logs i

m———
Measurement Type: | [ GG

waterspeed

rainfall

snowfall

Start Date(ex: 5/1/16):  |6/30/15
* End Date(ex: 5/30/16):  [6/30/16

!  Start ZipCode (ex: 60001): 50000

End ZipCode (ex: 69999) : 50002
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‘sensorld’ = #AA A FR/Fet Addglo]l DEMSOlA A &A Fojgh 2w zto]
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Table 13. Results of union queries

Query Condition : Type in (waterlevel,rainfall)
Datetime in (20150630-20160630)
Zipcode in (50000-50002)

result data from system #1,#2,#3

 measuredDatetime measuredValue sensorld stationld

Test 1 2015-06-30 00:00:00  0.231 1 7
2015-06-30 00:00:00 0.5 2 184
1 2015-06-30 00:00:00 6.5 3 53
1 2015-06-30 00:10:00  0.226 1 7
12015-06-30 00:10:00 0.5 2 184
2015-06-300010:00 . 35 .. 3 P+
Query Condition : Type in (rainfall)
Datetime in (20150630-20160630)
Zipcode in (50000-50002)
result data from system #2,#3
Test 2 _measuredDatetime measuredValue sensorld stationld_
12015-06-30 00:00:00 0.5 2 184
12015-06-30 00:00:00 6.5 3 53
12015-06-30 00:10:00 0.5 2 184
12015-06-3000:10:00 3.5 3 i
Query Condition : Type in (waterlevel,rainfall)
Datetime in (20150630-20151231)
Zipcode in (50000-50002)
result data from system #1,#2
Test 3 imeasuredDatetime measuredValue sensorid stationldf
12015-06-30 00:00:00  0.231 1 7 :
12015-06-30 00:00:00 0.5 2 184
12015-06-30 00:10:00 0.226 1 7
12015-06-30 00:10.00 0.5 sl
Query Condition : Type in (waterlevel,rainfall)
Datetime in (20150630-20151231)
Zipcode in (50001-50002)
result data from system #2,#3
Test 4 :measuredDatetime

measuredValue sensorld stationld

2015-06-30 00:00:00 0.5 2 184
| 2015-06-30 00:00:00 6.5 3 53

12015-06-30 00:10:00 0.5 2 184
12015-06-3000:10:00 3.5 .
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Fig. 38-432 2 ez =3t diojg AlES &8ste] A7 284S F33
Az, 242t N2 SAE, HEER, AALGER, FUESR, 2AHER, 374

e AvE @ cezoln,

Analysis Data Infomation

2 nitrate salinity food temp ph

437 Min. :-1.52859 Min. :-0.3748 Min. :-2.26765 Min. :-2.4126 Min. :-1.96246
7286 1st Qu.:-0.64749  1stQu.:-0.3748  1st Qu.:-0.07972  1stQu.:-1.0084  1st Qu.:-0.86441
1724  Median :~0.03749  Median :~0.3748 Median: 0.33052 Median:0.7469 Median : 0.01402
1000 Mean :0.00000 Mean :0.0000 Mean :0.00000 Mean :0.0000 Mean :0.00000
1248 3rd Qu.: 0.43695 3rd Qu.:-0.3748  3rd Qu.: 0.60401  3rd Qu.: 0.7469  3rd Qu.: 0.61794
14 Max. :2.67359 Max. :2.7335 Max. :1.09629 Max. :1.8001 Max. :2.86892

Fig. 38. Output of basic statistics calculation
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Box Plot by Sensor Type
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Fig. 39. Box plot chart
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Fig. 40. Time series plot chart
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Correlation Plot
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Table 14. Data integration and utilization procedures

Whether to
) Perform Operation
Step Detailed Procedure o Workload
Lega | Expa Difficulty
cy nded
It is repeated
) as many
1-1. Analyzing the data )
. times as the
handling and structure of the O O Normal
) number of
systems to be integrated
systems to
L be integrated
Legacy o .
1-2. Building an integrated ) .
System ) O High one time
data model (global view)
Integrat Unnec
ion 1-3. Developing data essary It is repeated
integration programs for the O High as many
systems to be integrated times as the
number of
1-4. Mapping the data 0 0 Low systems to
structure of each system be integrated
) . Not
2-1. Executing union query . )
availa O Low one time
based on 5W1H
ble
It is repeated
2-2. Querying for data(What, as many
Who, Why, How) times as the
. ) . O Low
2 -> A list of things is number of
Data returned systems to
Query Unnec be integrated
2-3. Exacting a query that essary
examines the positional It is repeated
conditions of the things in as many as
O Low
the result of the step 2-2 the number
-> A list of things is of things
returned
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It is repeated
as many

) times as the
2-4. Exacting a query that

. . number of
retrieves a time—based value )
. . things
data of the things contained O Low

. multiplied by
in the results of the step

the number
2-3
of
measurement
times
3-1. Value unit unification O Low It is repeated
3-2. Time format unification O Low as many
Unnec times as the
essary number of
3-3. Time period unification ) High attributes of
the data
3. Data x
Analysi | 3-4. Matrix type dataset )
. 0 (Auto Low one time
S generation .
matic)
It is repeated
A as many as
3-5. Basic statistics Analysis O (Auto | Normal the number
matic) of analysis

types
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