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Abstract The increased demand on the transport of both passengers and goods through rail systems implies higher
traffic intensity and congestion on the railways, resulting in greater likelihood of accidents and also degraded
passenger services. To cope with the issues, development of an integrated communication network for rails has
attracted great deal of attention lately. GSM-R is such an example developed in Europe, which seems to have
restrictions in providing various communication services due to network speed limit. For the reason, an LTE-based
approach is under study in Korea. After the network development, operation management of the network is necessary.
Design of operation management systems has been studied little and thus is the objective of this paper. To do so,
a conceptual design has been carried out based on model-based approach. Specifically, a context model has first been
created using the use case diagram. Then, SysML models of operational scenarios were developed for the management
system. The SysML models have alternatively been expressed as EFFBD models to simulate and verify them.
Consequently, the result of the conceptual system design for the operation management of the integrated wireless
network is expected to be used as a basis for the detailed design later.

Key Words : EFFBD, GSM-R (Global System for Mobile Communications - Railway), Integrated Wireless Communication
Network of Railway Systems, Model-based Design, Operational Management Systems, SysML

B ATE @R AEEATY ATHA "FadAg v FAEAIE & AL (PKIS03C) s FAEH AL
Correspondlng Author : Jae-Chon Lee(Ajou Univ.)

Tel: +82-31-219-3941 email: jaclee@ajou.ac.kr

Received March 23, 2015 Revised May 6, 2015

Accepted May 7, 2015 Published May 31, 2015

3071



OS]

pad

o

3ok

St @

]____

7H o

9 AlvE] o] S SysML

o]

ATH1].

X

EH GSM-R

H
(Global System for Mobile Communcations - Railway)

o

1. ME

4w A o

=

@ a7t BolAE FAlolt).

2k o

O

AMulz 7] FA R Fobith H okl

A7) et El= A A16d ASE, 2015

i

kel
pid

gl

k]

GSM-Ro|| T}

o

1%

oJu

of

1o
=3

[e]

2~
T

%12

=
5

=]..O
Eiss

EREEERY

3

L, o]

=13
=

Al es A4,

stof i Al=gl A

S

ke sk vk Alzwlel
zl/hg

=

=

SRR

3}
=4

S

ol

7N

J

=

Aol o} %

[ez]
=

L

9|

AA
o P R5oA T3

g
LTE-R 7]

=
=
p
L

B

3

\

o] A

1

kel
il

A
1

kel
pid

3
A4
2 TH1,3].

X

]
<)

GSM-Ro|
ST AN, AR A 2E]L

Lol

3l
o aL

Z
=

231 9lTh2,4].

o]

2.1 2SEE[ AAHS| Al EA

)

~

)

of]

A28l )

L
L

3

&

=9 ¥

Q.8

1]

R R R

A 41712 LTES

X
AR
Re]
o

Nr

LERE)

Els

wal v o]

of

|
—_—

o

L
L

PAS99:201201 4] 1SO°|A] A

L

T

s FEs weh 71
Sk,

9
=432

I
aLn

12
d9kAQl IS0 Management system standards

[e)
Quality, Energy, Information security, Food safety”} )

E4s 24
t}. BSI(G=

3072

3L

A1

)

Alue] LoltH6,7]. =B el Bl 9

74 Foll e of

3



A= FEFAY 298 A2d9 2d7|d Ao B At

FU10]. o] FFol <95k UnkHQl Management  ®lol th3k o] & FA 317] wlEo|t) L3k Ui A
systeme PDCA Z2A|AE 330 PDCA ZEAA 29 AU oS Yo ojgA it A =8S A}
= @2 Agstal(Plan), ¥ Al2RE 9 == A &5ty steA gerd £ vk
ADoyshH, #7] &5 "W 7K Check)E T3 A% SHFAAY G T Al=FEs s s
5 #e &5 Fd(Improve)AH-S vt QY A S Y Y aFANEE 7Y

ICAO(International Civil Aviation Organization)°l| 4] sto] et -5 st H(E2 I 2 A5 7
SMS(Safety Management System)E “& 3491 obd ¥ ol a3k AYPEo] HAIFY JE AEETFAY ¢
g &Fs FAA A dEeAs B AT FUeAE etk 49714 E £93E Use case
© 2 Aoty 11]. FAA(Federal Aviation Administration)©l] diagram®] QA3 9 AU Ao AHAoz o

A= SMSE Safety Policy, Safety Risk Management,
Safety Assurance, Safety Promotion] Ul 7}4] 7]
BeAR TR doH, SMSe| 5L ol#je} 2ol
Al 7HAZ T2 5 JH12].

A A AL 5
_“:__—_ )
o

o
.

|

T+ WA Proactive
2 AbLE AR

Al HA Explicit
Ao]ojof shH, T}
of & oJugirt.

GSM-R2 A% #ofe] A&u& 34|
FEF0]th. GSM-R Management system
TEakal oA Yk ST GSMRE &
] 715 Ao 2 Hilylo] EAes Feld

U= T
53] £9¥8E 48sH= %322 Functional Group,

Al
4
5o

uol—

=
—

#e) B} HPHo Faso]

Z

o]
!

=
Operator's Group, Network Management Group, European

Networks Integration for Railways Group©| <3t}

22 g71o| B¢ 3 HeY

BoAgs ArEdrAy 99y Alxade] Aga
AZ Al 988 M-S gesiA sk &9 Avt
2o o3t 3¢ MdE I sl =es
F7] wjio] £9 Aygles sl & AL
o] WA 2 AZFL SysMLS 43k mdlaln) AlEe o]
AE T i FSEHoR g A2ES AF
317] fleiM A gEAME FEEi

23 @7 48

Engineered system<]

el A 2 Alvel Lol A4

& Fasth 1 olfre ARl A Aol
9 AAE BESA s, olAFAAEe] B A2

3073

kS 71X input data©]T}. Use case diagram< actor,

9 actor®} use case®] HAZF EgE| o]
A 2=ES oG A AME-SHA] B o= diagramo]th. et
A 4571449} Use case diagrame] T4 LAES
AlA Use case diagram= A2t} vixjato @ 7]
&9} Use case diagrame &-83}o] A|2=Elg ojL7|
AREEEA] O] ek 2 AU 9 E A st Fig 12 9
of A7 W&Eo] AHE e A LE A4

a17] 93 F3 A2 nojFE)

use case i

w3

Task Definitions for
Operation Management of
the Integrated Wireless
Communication Network Management

for Railway System

P Ay

Use Cases for the
Operation Operational

Scenarios

Collecting
Requirements :
for the Producing Use Produqng
. l Operational
Operation Cases Scenari
cenarios
Management
System

NN

Operational Model
Diagrams for the
Operation
Management System

Use Case Diagrams for
the Operation
Management System

Fig. 1. Procedure to generate the operational scenarios for
the operation management system.
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Table 1. Example models of various management systems.

PDCA Process of

Functional components of

Activities of GSM-R operational working

Operation management process

BSI SMS group
. Determining the concept of network i .
Plan Safety policy s P Establishing management policy
management
Managing changes and maintaining the
. network functions . s
Do Safety risk management R R Performing management activities
Managing interfaces between users and
network
Check Safety assurance Performing the network verification Supporting management activities
. Promotin, culture  of  objectives
Act Safety promotion - s )

achievement
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Table 2. Relationship among the elements of the task
definition description and use case diagram.
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Table 3. Operational scenarios of the management strategy department.

Scenario #1 Operational scenario for the department of Management policy establishment
Objective The department of Management policy establishment performs a network and frequency strategy establishment.
D Team Scenarios
Network 1 Network strategy |Network strategy team establishes a development strategy for network based on medium and
- team long term development strategy for railway.
Network strategy team establishes a investment strategy based on short term development
Network strategy . .

Network_2 tcam strategy for network and medium and long term development strategy for railway and
communication network railway.

Frequency | Frequency strategy |Frequency strategy team elicits requirements for operational organizations based on needs for

team operational organizations.

Frequency_2

Frequency strategy |Frequency strategy team establishes a frequency use plan based on short term business strategy
team and development strategy for network and a consent decree of investment business.

Frequency 3

Frequency strategy |Frequency strategy team establishes use criteria of frequency based on frequency allocation table
team and technical criteria of national frequency.

Frequency_4

Frequency strategy |Frequency strategy team establishes technical criteria of frequency based on definition of
team requirements for operational organizations.
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Table 4. Allocation of intervals and resources for each process in the simulation.

Process_activities Lead time(weeks) Input personnel Cost(a_hundred thousands)
1.Establishing network strategy Normz"tll Ofi(;Strli;J ution 20 person 20 hundred thousands
2.Establishing investment strategy Normélofi(;strli;a ution 20 person 20 hundred thousands
3.Eliciting requirements for operational organizations Normflll Sfi(;strli;)ution 10 person 30 hundred thousands
4 Establishing frequency use plan Normezl&gistlri)bution 10 person 10 hundred thousands
5.Establishing use criteria of frequency Normflll ;Sstrlil))ution 20 person 5 hundred thousands
6.Establishing technical criteria of frequency Nonnezlg‘c(i)istlri)bution 10 person 5 hundred thousands
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Fig. 6. Simulation result for the operational model of the management strategy department.

Fig. 6% EA81RH & £Q717H8 28,6852 7|8
(30F) L} 1.32F9] 7|3ko] AA AQH+

AL SAT 5 Atk 4 FA5 DAY SR BT
2. FAR Y BB wiggerdlol €7 A4 ook

A7) whito] wigger 7Ickeln glek mebd A
B 4% Age] FeAYe FAT F ek
Wg-e w2 4 el g Wi AT Bl @
gulo] wabs o sgk gl 84 sz et
7

A ke AL JpaAtge] glome RE HES ALE-E)
= oujolt), o] A& Zz A9 H§ AFo] anH
o8 A8d F dvke 2g dnet

npA o 2 919l S EASRY 1. vlESA A
o R, 2 B4 A R, 3028 V) e AL
=% 9] 919 HAs0H)] P FEE

ofo
L
ol
&
-IN
)
¥
>
oo
)
AN
¥
i
ot
offt
=2
et
ofo
i)
>

43 FH=SERMY g A2HEL] AR

3078

A% ABE 29 Aeed Het 29 240] H43
A G otk webd 9 Ave oo
$9xAe) TaE w9 B olo] tha A
% 7)%0] EgHolok e,

NG AN AG FRAE 29 Al es] wd
of WgE 8aE F oW FB sl PEY A
Zgealor ek wmebd] £ Atele BAS) Ry
A3kt AL Ee] AGAAA W, F, &
GAlbel .25 AGuel e Just AEPE, A
opatapel tid g APARA Hshl Bk =
% olel@ AFE0] AGARAS ABThY B g

e rH‘l

1t} Table 5+ FESHTFAY 2938 Al2=H
=

AR kst A

o
o
f
Q
AN
.,
Lo
=
>,

Table 5. The form used in the generation of the test
procedure description.

Contents

Description

Test item

Summarizing a interested system

Test objective

Describing ~ test  objective  reflected  in
operational scenario model

Test method

Modeling a  operational  scenario  and
describing a simulation and procedure for
result analysis

Test Describing result of modeling a operational
deliverable scenario and simulation analysis
Test task Describing test task of operational scenario
. Evaluatin logical ~error and  natural
Pass/fail e g . .
- performance of operational scenario model as
criteria

reflected in constraints

Environment
needs

Describing a computer aided tool

Test schedule

Describing a specific test schedule
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