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A Meta—Model for Development Process of loT Application by Using UML
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Abstract

An Internet of Things(IoT)

context—awareness based intelligences, inter-communication is made of between things and things or

technology which provides intelligent services by combining
between things and person through the network connected with intelligent things is spreading rapidly.
Especially as this technology is converged into smart device, mobile, cloud, big data technologies, it
is applied into various domains. Therefore, this is different from existing Web or Mobile Application.
New types of IoT applications are emerging by adapting [oT into Web or mobile. Because IoT
application is not only focused on software but also considering hardware or things aspect, there are
limitations existing development process. Existing development processes don’t consider analysis and
design techniques considering both hardware and things. We propose not only a meta-model for
development process which can support IoT application’s development but also meta—models for main
Especially we define modeling elements by using UML’s extension

activities in this paper.

mechanisms, provide development process, and suggest design techniques how to apply those
elements into IoT application’s modeling phase. Because there are many types of IoT application‘s
type, we propose an Android and Arduino-based on IoT application as a case study. We expect that
proposed technique can be applied into many of various [oT application development and design with
a form of flexible and extensible as well as main functionalities or elements are more concretely

described. As a result, it brings IoT application’s flexibility and the effect of quality improvement.
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[I. Preliminaries

1. Related works
1.1 Android Platform
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Fig. 1. Android Architecture

1.2 Arduion Platform

loT tiuo]ls SPFo e A2 2H4S v g T
tulol~ FH;E 9 oFFoli(Arduino)9} BFEHE o)
(Raspberry P)7} 2 AREH L QEH7,8]. o] st=soiet
SEEYO7} BFE 0 EAAR FUNE et A oR
wi-aL SE-817)7F 7] Wil 7]EARI st=go] A& 9
g H Ang, WMOS X, g5 5 4% SIAA A AsHE

e

W =g ol gat A A R 4 97 Wil

N

MADE [ B
INITALY o~

Fig. 2. Arduino UNO

1.3 MOF(Meta Object Facility)
YEelRdo| & ojudt NEES s & 84T 1
E Y WAE BAFE ld Wl



A Meta—Model for Development Process of [oT Application by Using UML

123

Aulyss lIl. The Proposed Scheme
Pattern
Design : . . L,
Paten Patiem |=(3) Methodology | 1. Design of Meta—Model for loT Application’s
linplementation Development Process
P - i —
o i o] A= Qe o] Es} ofFoli: 7]ute] [T ohEe] o]
Paradigm Process K lterative }“j 7HH]'O Hﬁl' 7HH]' —"i/"ﬂ =3 ﬂ]E}E%% ]’Q‘EHH A 74]{5]'
[ﬁ ﬂ% — t}. ol Ak Z2 A2 WElR DS A835te] ALsA HWA
- . I
| | P M e R S 9 Wt ohe) N 10T $6 A
Structured Object- | RaD H| o] =g, AR B Fdo] YA drt
Method Otiented ?1‘."
- Activity — pit
Component-Based Senice B 1.1 Meta-mode| of Methodology's Framework
Development Oriented % T':oﬂ }\'1"5‘ IoT OHE‘B] ?ﬂ ] }“j 7H bt /"”/\ UﬂE}U =) g
Lo Do he D T pojy Ang MoPE wiedel 2ol waz wdsi) 4
e || S ]| et ]| Ot ]| R sjgt}. 22 Eso] gl A shkel A whEee seir
| 3 meaan pAEta et o7 Hegsleld ¢
Standard
- 2 =u ARAE, ANAG, AEUE AUk A Ag S3}
Fig. 3. Meta—model of Development Process 22 A W a2la ZRAAG £24 Zd(Waterfall
Model), Y48 =2(Spiral Model), ¥+23 = (lterative
o & 5 AR 2y olofol UML(Unified Modeling ~ Model), A28 =@ (Incremental Model), RADE  (Rapid
Language)d] 84S0 tgt ou|E a2 4oJd MOF(Meta  Application Development), XP, Agile 53 22 A& @3it},
Object Facility)7} #gl 2ol @3-t} 9,10]. 3k MDAS 84l sk s EAAE o @(Phase) 52 1A
A& o] MOFE CWM(Common Warehouse MetamodelDolth  ©, Z}7be] @Al o] S (Activity) 52 TS L, & 7 52
UMLe] welzde gt 3% Zd=z Aastay Au11]. W o2 AA(nstruction) & TAE L o]#]3 8 AES w5ty
B2 B4 il EFel F5EA &S FHE AFHY] MOFE 7|wre g A% Welmdo] 17 3o AAHo] Ju},
ol Wel 2ol 7uks Far RS A B9 EPE olz]gt WEfR Y-S 7|Hto R B =Fd A= [T ol &Aool
uhE ke Pele BRES Sgslel AN £ U Bu M mAsE 20 370 SRl 0T S8 Al B4,
ofugt Bdle] AALgAgo] ulg- G A fk whEb B = (0T & Au)A A7), [oT 28 ARlA 78 9= 4 9siint
M= o] MOFE 10T ofZg Aol /g T2A|xel B4 U
A7 mdlS AAlE= ARgskaat sl 1.2 Meta—Mode! for loT Application's Development
Process
B Oy 29 AZEYC] A A vEl
S 7o 2 [oT of&e|Alold 7t L2412~ BdlS A5t
o 1% 49} o] AIsgink
<<pattern>= <<Methodology=>
}T\E}é Pattern v [oT-based /W Dev. Methodology
<<?CH‘?IFY>> <<paradigm>> <<process>> ity
%z%z:gzsef Object-Oriented Iterative & Incremental — [mplcjuiiiz;g;Zf IoT
Regnirement: ? Terminal
<<activity | [ ] <<activity>>
W ; ;
;{[:ﬁ;z <<phase>> <<phase>> <<phase>> melemznta_t,mn of IoT
Analysis of IoT Design of [oT Implementation of Eniees
<<activity>> Application Application IoT Application <<actrity>>
Refinement of Service Service Service —1 Implementation of IoT
Requirement: Data
Q <<actvity>>
| — Implementation of IoT
M ;E]TEC&‘;:Y}:} . <<activity>=> <<activity>=> Connection
: Damofg T;ia;”‘m Design of PIM Classes Design of PSM Classes

Fig. 4. Meta-model of loT Application's Development Process



124

Journal of The Korea Society of Computer and Information

AA 3708 GA 10T 5-& AH|
AL ToT 5-& A= 78 dAl=
EE JFER A Aot

A= 370 94541 Use
E%al Jq_:rL/\}?fL ;Gxﬂ
= %351_ U\ﬂla] QA

1.3 Meta—model of Activities

SFoll A Aeojel mupd o Ak ZRA2 wepR ol A 7} &
ol g mdly aise] diejie vetLde gejet
Atk o] AelA= olejgh 7t &5l wEbLE-S Aogith

1.3.1 Identification of Use Case based Requirements

2= Aol Flbe] @ AR A ol A [oT o el
o) Al WRF RTARFES §2 Aol~ whel 2 g,

LTANEE 71 Vs 2 7AREE 1 A e 9
& UMLE] 2= Aol tlojoj st o] &),

olel gk wie o] 18 5ol AAE .

<<activity>>
Identification of Use Case based Requirements

[ A

setole>> <<input>> <<output=>
Domain Analyst Smp . 1o .
L Domain Knowledge Use Case Diagram
IoT Specialist . . e
e Interview Use Case Specification
ustomer
1
L.} L.}
Functional Non-Functional
Requirements Requirements performance
Lx 1 l L* requrements
<<standard>> <<standard>> Ul requirements
Use Case Diagram Use Case Description

security

requirements
‘ actor H relationship }*—{ use case ‘ req ements

‘ include H extends H generalization

association

Fig. 5. Meta—model of Identifying Requirements based
on Use Case

1.3.2 Workflow Modeling

YAZRS mAHL L [T fEAN 7 55
S GASTE 9 FE3 FaA o] AEL JNEE ofEE]A o]
Aol Hagh 755N £AYA, o5 119 &A= x| HA
et WA 4714 FE2T HaAAES EURE o]E 1
o] A3 £AE JAEEE EEPSTh

AAZ29+= UMLY FX(Activity Diagram)g ©]-&3}

of RAlgsh=d], 13 6 AAE

‘ Workflow Modeling ‘

I L1

<<input=>
ToT S'W
Req. Specification

<<roles>
System Analyst

<<output=>
Worldlow Model

'

T
<<standard>>

Activity Diagram

start

object stop

1
1. X 1L*
. * N 1 . 2. decision
signal transition activity
1% 1 2.% synchronization

1

ZF‘ QI L* bar
| \ L« ] - |

receive H send ‘ time signal “ event H condition H action |

signal signal

Fig. 6. Meta—_model of Workflow Modeling

1.3.3 Model ing Interactions among Things
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