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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

0T $8 Avlzsh Asshe Setelols dne] Fut o
3y wulel 2oke gt ikl FAES FHolE ofF
AbllA] BHE 10S, FEedA] BHE IERo|=, nlo]RAXE

Abl A WHE dme= mulel w-FlolellA WHE Au|eh
(Symbian), 7 og] E£H7} AUTH4,5]. B =EoA=
] =
= =

SE 2 e @F ZUES tERoE Whld SYES

P

E
ol
=il

rl

7Is& F-ofetr|7h %013}\3}.

S, AZeAINES] AsEo] FUs) drRolmi
Qpezols TaEe] swen ATeht Ui oEeAolNE
3} SDKE AHg37] we] AAsk A4 ohEel Aol 5]

Ashgo] Szt
A, ShE AV 35 Ee) ek ShuRolm AF

AL SIS e ZgAlo)del tig AAIE flela )tk dE &
H, WAL fogie HRE 7pAsr AbgAte] dgAE, A
A, B A A AR e JiRQle] Bukd Ell Y=
dlolejok e o Atk

YA, o)Al 7ho] 01’3}3} JERo|E= FHE
fEe Aol AAE A% dgetal F83 Solufedt 55
YA FEE Algety] mol H g Aol Tl Ba
g AFZAES ] 2 Aelr ol Aledtt o= w2 N

bk A g8 Fh

APPLICATIONS

LIBRARIES

ANDRDOID RUNTIME

Surface Manager. e

Core Libraries
Framework Cere Libraries

OpenGL [ ES FrecType i

3GL
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1.2 Arduion Platform
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1.3 Meta—model of Activities
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1.3.3 Model ing Interactions among Things

AVE 73 AFE = UMLY 3% (Sequence Diagram)
£ $8% tolojamonn], Axw e AAGu ohz}
[oT AHE2e] 43288 Fd3i)

A YR §2 Aol tolol 1S B ol 9
ag} ), ﬂxﬂg} A, AA|sk AHE 7re] FEAES HHT

‘ Modeling Interactions among Things ‘

I f I\

<<input>> <<output>> <<role>>
Use Case Diagram Interaction Diagram of System Analyst
Use Case Specification Things. System Designer
Worflow Model

<<standard>>

Sequence Diagram

1 1

actor }—{ message }—{ object )Q—{ Tifeline

AT

synchronous . boundary control entity thing
return Self-Deligation X , \ \
message object object object object
1 1 1
asynchronous 1 1 |
message
View Controller Model

Fig. 7. Meta—model of Modeling Interactions among Things

1.3.4 Design of PIM(Platform Independent Model) Class
okA] A o3t /\}% AT AL T2 QEER ol AA| [oT
olZeAeld 28 < FEota Y2 & e ¥
£ WolFt) 1311 %Eﬁifﬂ 82 MVCE 7|Hke.2 &17] o



A Meta—Model for Development Process of IoT Application by Using UML 125
woll A 3714 ez ERFsta, Sg2=o= UML(Unified PIM E¥2 Bae ZPE SHHQ Rdo| &= whHo
Modeling Language)?] 2~Hl#l LE}YE o]8ate] WASH) o] 13939 PSM 2 Rde 33 ZPFo] vkdd 9
o gt vlefE o] 17 8o Ao Ut 22 Bdlo]7] wjitdf| t=Ro|=u opFokd| B3l FEAE

o] F7txlo] gl mele] Hr} o] 47 PIM ®dd PSM &
‘ Design of PIM Class ‘ A et AAlekes olfre R AARRAA 584, 1
T il 25 A 52 Fol7] Rtoleh, ol ohleh A5 s w7
T 1 1 2 FEgo =N PIM 29S AAsl7| % aFd PSM Ee 7

Interaction Diagram “coutput>> <<r019? 5) 5% .ffe) =
of Things PIM Class Model System Designer 23 ZYPZ S MulEd AFEoz ®upd o eyl A =
1 T UEE 54§ 9k o A7 B4 SAE HHs "

<<standard>>
loT AZAod 78S urh Mngd Ada 2.

L* 1

association

composition

T
| | | |

‘ thing class H ‘ model class

i

‘ Model ‘

L [ ]

realization

view class control class ‘

[

View H Controller

MVC pattern
stereotype

Fig. 8. Meta—_model of Designing PIM Class

1.3.5 Design of PSM(Platform Specific Model) Class
PIM £l Zdlo] HAAEH o5 JHEER WolA ¢l=g
o= FRFY o}Folw [oT ZHFY ~HH e S vkdst

= A
PSM 8|2 thojoj o3-S s},

2

V. Experiment

o] FelMs & =X ArEHE WEREIES 7|fte g
2A 10T ofZglAlo) A e T2 2ol 2gato] AAE =

Sol igh Al AFE A|A] sl st

1. Case Study
2 mRdAE teERelE B
2

Aofahe AzEE A AT

gaw o Q40w e
e,

=

=

1.1 Identification of Use Case based Requirements
a3 49) HE g A8 HE Qo) )% 2 TARES
Aalo] 27 103} o] f2= 7ol Tololaglo s FHalgirh

<<input=>
Interaction

Design of PSM Class

Diagram of Things

L,
I

L

i

<<input=> <<output>> . <<f°]§‘>l>
PIM Class Model PSM Class Model ystem Designer
Programmer

OnClickListener

T
1
Class Diagram
%flﬁ

generalization

composition

interface

1.* 1 1.*
class +1 relationship K
| 1.

association

OnTouchListener

realization

o1
1"*

1“*

view class

‘ contral class H model class

‘ thing class ‘ sensor

R

ImageView

1 L
‘ View }TT{ Activity Data ‘ board
| 5
I T T 1
‘ arduino H arduino H ardumo ‘ ‘archu.no
we me )l

Receiver

‘ Content Provider H <<Strings xm [>> H File H DB ‘

Fig. 9. Meta—Model of Designing PSM Class



126

Journal of The Korea Society of Computer and Information

user i <<extend>>
<<extend>>
i <<inclde>>

reset password 3 create temporal password
<include>>

,

% e//, send tempral password

\
adlmstm[or\ send captured image
X
police

R

survomotr \

clear doorlock
camera sensor

Fig. 10. Use Case Model

SurvoMotor Camera Android's App

input password

check password

[pass = ok]

>/\ clear door-lock )

[pass = 3's error]

perceive password error

create temporal password

send temp password & photo

capture face

execute App.

confirmtemp pwd & photo

lock door-lock

report trespassing

o

Fig. 11. Workflow Model

1.3 Modeling Interactions among Things

QA28 A EE JHER WobA] g Ujel| Fefsh=
AAEE MVC S A8ato] 3714 Fefo] Sy 4
AER EFs] UMLY A5 FEEE o]gsle] 24 7He]
AeAeS AABIE Y. a9 125 27 79 vEl 2de A4

sho] A Aol

Aolata, Feze] DA &4, MASE Felsha,
1
-

e WAE 29 89 wE

1.4 Design of PIM Class
I3 119 A AT AR EE JEER oA FYAE
S

=
=
@2 Hgate] A

<<Thing, View>>
buzzer
+alram buzzer()
1
! <<Thing,Controller>>
<<Thing, Controller,Arduino>> SurvoMotor
<<Thing, View>> Door Lock

Keypad 1 | +lock doorlock()
[ +check password() +clear doorlock()

+input passwod() 1 +reset passwordy()

+ereate temp_password()

o]

<<Thing, Controller,Sensor>>
Camera Sensor

+eapture face()

<<Controller>>
DoorLock App

“notify trespassing()
+confirmphto & tem_password()
+report tresspssing()

Fig. 13. PIM Class Model

1.5 Design of PSM Class
a9 129 4% 2gwsh 17 139) PIM 292 tholo]
& dER Wop TYE} 10T SHEL Wsiel 2

tloloj 1S AAshd 18 149 2},

%
¥ M

<<Thing, View>>
buzzer
+alram buzzer()
1
1 <<Thing,Controller, Shield>>
<<Thing, Controller,Arduino>> SurvoMotor
<<Thing, View>> Door Lock
Keypad 1 Hock doorlock()
— +check password() +clear doorlock()
+input passwod() I | reset password()
+create tem_password()
<<Thing, Controller,Sensor>>
1 ! Camera Sensor
1
1 +capture face()
Activity <<Controller>>
DoorLock Activity <<View>>
+onCreate() DoorLock UL
+onPause() K +notify trespassing() L ay: Layout
+onDestroy() +confirm phto & tem_password() —
+onStop() +report tresspssing()
+setContentView()
<<View>>
Layout
<<Model>>
DoorLock Data
1.* 1.*
+save capture photo() <<View>> <<View>>
TextView Button

Fig. 14. PSM Class Model



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

127

: Buzzer

O O O O O

: Camera Sensor

: Door Lock : DoorLock Activity : SurvoMotor

% @

| _ 2 | check passwd

ad

rd()

3 [pw

s error=3] : alram buzzer()

: police

i

6 [pwd's error=3] | capture faceQQ

8 [pwd's error=3] : reset password()

7

=
<~

'{ 1110@ tresgassnjl' %

Fig.
l~rtﬂ PEEO]E
ETH 757‘;‘ e
Datat: & a3 99| PSM H[E}
RgS A 23lo] zgxﬂla PSM S el T3 149} 7o)

[V. Conclusions

0T 7]%z0] ofe] thakgh ool §3Eo] ML= =
‘:ﬂ‘)ﬂ AAAR] 10T efEg Aol M ZRZA 2 BdE 7]

& A AN AL A gk Adgtolnh o]l AdsellA sk
[oT cfZAlAES BE 594, AAEA, 344 57
49 A4S, 1 F4 °ﬂ gk Bogo] ot o
A °H~E] A o] o
3] IoT °f&g 7
°ﬂ gk 8ARe] o
FARS sl AstaA) [oT of&eA

Qlorax A A A e]an
TR S e EE HAESITh

=il A [oT fZejAeld M 225 vetrds
AASE ol fri= o] thFst 3] [oT ofEgAleld 7]
AefA] 1 BA el BHA| A 2Efnto]#] o] d(Customization) &
AES 317] figkelth **01 o AE tERo|E 7]yke]
Enke] )t ofbFoli [oT EHES 7IWke 2 gt [oT oA
ol 7|tef WA MVC JH A7 UMLS HEAI7 o]

2 "
AABAT o= REPAAFE MVC dels 48gozH

rE

o]

f
o,

r:i_“imﬁ_

1w we O od o r1r
o_>|: ol

Fl{E &

ol

=Ko
RERELI
S 7
=

[e]
mas

9 : create temp|password()

&
B

10 : send photo

& temp password()
11 : Jock door lock()

12 : report tresL,Jssing() -

12. Interaction Diagram among Things

TRAEA Mol BT} A = Aozl FRlo] Thss)
A€ok ol A= [oT A& Aol A5 A dAUSTS ¢
g 7]iko] Hi= Aoltt, webd 5 At sl == A )

& IO R ABS BTE TESE Aol

REFERENCES

[1] IDC's Worldwide Internet of Things (IoT) Taxonomy,
October, 2013.

[2] Y.K. Chen, “Challenges and Opportunities of Internet of
Things”, In Proceedings of the 17th Asia and South Pacific
Design Automation Conference(ASP-DAC 2012),
pp.383-388, Jan., 2012.

[3] The Internet of Things, Worldwide, Gartner, Inc. Nov.
2013.

[4] Google Android [Onlinel. http://www.android.com

[5] Salmre, I, Writing Mobile Code: Essential Software
Engineering for Building Mobile
Addison-Wesley Professional, 2005.

[6] S. Kim, Android Programming Complete Guide, Hanbit-
Media, 2011.

[7] L. Atzori, A. lera, and G. Morabito, "The Internet of Things:
A survey", Computer Networks, Vol. 54, pp.2787-2805,
2010.

[8] A. Gluhak, S. Krco, M. Nati, D. Pfistere, N. Mitton, and
T. Razafindralambo,

Applications,

“A Survey on Facilities for

Experimental Internet of Things Research,” IEEE



128 Journal of The Korea Society of Computer and Information

Communication Magazines, Vol.49, No.11, pp.58-67,
Nov., 2011.

[9] Object Management Group. MOF Documents[Onlinel,

http://www.omg.org/spec/MOF,2018,

[10] R. Pressman, B. Maxim, Software Engineering @ A
Practitioner’s Approach, 8th Edition, McGraw-Hill
Science/Engineering/Math, pp.187~198, Jan., 2014.

[11] H. J. La, S. D. Kim, “Unconventional Issues and Solutions
in Developing IoT Applications,” KIPS Tr. Comp. and
Comm. Sys., Vol.3, No.10, pp.337-350, Mar., 2014.

[12] Eun Sook Cho, "Design of Meta-model for the
Development Process of a Mobile Application", Vol.15,
No.8, pp.5248-5255. 2013.

Authors

Eun-Sook Cho received the B.S. degree in

Computer Science from DongEui
4 University, Korea in 1993. He received the

<

M.S and Ph.D degree in Computer Science
from SoongSil University, Korea, in 1996
and 2000, respectively. Dr. Cho joined the

faculty of the Department of Software Engineering at Seoil
University, Seoul, Korea, in 2005. He is currently a
Professor in the Department of Software Engineering, Seoil
University. He is interested in component-based
Development, cloud computing, and loT Applications.

Chee-Yang Song received the B.S. degree
in Computer Science from Hannam
University, Korea in 1985. He received the
M.S degree in Computer Science from

Chung-Ang University, Korea, in 1987, and
received the Ph.D degree in Dept of

&
Computer Science from Korea University, Korea, in 2003,
Dr. Song joined the faculty of the Department of software
at Kyungbuk University, Sangju, Korea, in 2005. He is
currently a Professor in the Department of Software,
Kyungbuk University. He is interested in component-based
Development, cloud computing, and IoT Applications.



