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A Study on Architecture Development and Evaluation
of Navigational System Platform for Autonomous Ship

Ahn, Young Joong

Department of Coast Guard Studies

Graduate School of Korea Maritime and Ocean University

Abstract

Although it is difficult to define what constitutes an autonomous ship due
to the interconnection of various technologies and systems and the need
for improved functions, such ships are drawing attention as the new driving
momentum for the shipping and shipbuilding industry. To effectuate remote
operation and a high level of autonomy for ships, platform technology that
connects each device into one system and provides services based on
collected information, application systems, and cyber security management is
required.

Various projects for autonomous ships have developed or are developing
a platform, but none has been commercialized at the international and no
standardized technology approach for developing such ships has been
proposed. The ship platforms that have already been developed are limited
to specific waters, or they consist of functions that are low-quality and/or
unnecessary to the stakeholders because they were designed pursuant to a
specific project concept.
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For improved performance and functions, the stakeholders perspectives
are required in the early stages of development of an autonomous ship
platform. Since failure or modification of a project incurs high costs, the
views and requirements of stakeholders and operators should be reflected
early in the platform development process.

The purpose of this study is to present a technical approach for
commercialization and standardization of autonomous ship platforms and to
develop an open platform architecture that applies the software
architecture theory which would enable the perspective of stakeholders to
be reflected in its development. The open platform architecture was
designed for the autonomous ship navigation system because they are
expected to have the most dynamic variables in autonomous ships due to
the interrelationships among human factors, components, systems, and
equipment. They also have the proper development scope for application of
the software architecture development process. To achieve these research
objectives, the software architecture development theory and techniques
were applied as follows.

A precise definition and function of the navigation system platform which
was identified through prior studies, technology trends, and navigation
system analysis was presented as a functional requirement that is essential
for architecture development. The functional requirements necessary for
the development of the architecture were identified, and the purpose of
the navigation system platform and the distinction from existing ship
platforms were clarified. Since functional as well as non-functional
requirements must be presented as design factors for architecture
development, Quality Attribute Workshops(QAW) were conducted. The
stakeholders who participated in the workshop identified non-functional
requirements based on the functional requirements of the previously
defined navigation system platform and prioritized them according to their
importance and feasibility.

Next, main navigational equipment related to non-functional requirements
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identified by stakeholders were classified and codified according to data
entry methods, functions, and relevant navigation tasks. Modules necessary
for the architecture were designed based on the attributes of codified
navigation equipment together with the relevant non-functional
requirements. Based on the module design, the architecture of the
navigation system platform was developed. The assessment of the
architecture was made using the Architecture Tradeoff Analysis
Method(ATAM), and the designed architecture, quality attributes scenarios,
and utility trees were evaluated. This process allowed for the evaluation of
the design approach for identifying possible problems or hazards in the
architecture, and the final navigation system platform architecture was
re-designed after making the improvements. The main results of this study
are summarized as follows.

First, in the problem analysis of the navigation system for the purposes
of developing and identifying a precise definition and function of the
navigation system platform, respectively, the analysis showed that there is a
need for improved network structure, power management, time
synchronization, and platform-centered display and controller integration for
improved application and expansion of navigation equipment.

Second, through the workshop, the performance level of the navigation
system platform required by stakeholders was expressed in specific time or
numerical values, and non-functional requirements that should be prioritized
in the architecture was identified. Through the workshop, the stakeholders
refined their non-functional requirements and were enabled to present and
identify more specific performance and risk factors compared to surveys.

Third, by evaluating quality attributes and module design with the
architectural tradeoff analysis method, additional determinants were defined
that could be referenced in the development of the architecture. It has
been confirmed that the function and quality improvement will be possible
if the navigation system platform architecture is continuously evaluated, and
the results are reflected appropriately.
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This study is significant in its endeavor to reflect the stakeholders
perspectives during the autonomous ship platform development process, and
its presentation of a technical approach via development of an open
platform architecture for standardization and commercialization. Applying
the software architecture development process enabled the presentation of
a step-by-step approach to platform development, helping stakeholders to
understand and visualize the essential underpinnings in the development
process. The proposed navigation system platform can simplify the
connection of navigation equipment in practical terms and support the
application of new equipment without requiring much space with integrated
displays and controllers. If applied to ships through international
standardization, a functional implementation for remote operation, integrated
power management and time management, and platform-centered security
reinforcement will be possible, and an environment in which more diverse
services and functions are available will be established.

KEY WORDS: Autonomous ship, Navigational system platform, Software

architecture, Quality attribute, Architecture tradeoff analysis method.
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20181 5€ /A= IMO 3l AFQH 9 ¥ 3](MSC; Maritime Safety Committee) 99
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Table 1 Degrees of Autonomy for Regulatory Scoping Exercise

Degrees Degrees of autonomy

Ship with automated processes and decision support
1 Seafarers are on board to operate and control shipboard systems and
functions. Some operations may be automated.

Remotely controlled ship with seafarers on board
2 The ship is controlled and operated from another location, but seafarers
are on board.

Remotely controlled ship without seafarers on board
3 The ship is controlled and operated from another location. There are no seafarers
on board.

Fully autonomous ship
4 The operating system of the ship is able to make decisions and determine
actions by itself.
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FlNFERRIES FALCO main particulars

= LOAS3.8m = Double-ended car ferry
= Beam 12.3 m » Car capacity 54 pcs

Fig. 3 FINFERRIES FALCO Main Particulars

(2) YARA Birkeland

29 0o] F3}3d A<l YARA Internationald} MA X Q] Aukg AAL7|AA] A
Al KongsbergZ7b @#3std ZmtE H7|53 437 HEoUAd Hx AES
gst= JE ZZ A Eo|tH(Asle, 2018). AH&-&FAd8t o] 52 Yara Birkeland=
Fig. 49} #Ze] 120TEUF #AEH|olY Adulo =z meoz2rc 2 Fo] gL 2o
Aok o] T3 3EA NAS ZgE s 9JuKYara International, 2018).
AA &3S Bl A4 HolHE ATdorAN FF HolH Z2EE F ZH
T e & AZESO], 7|AA 7H‘:Q°ﬂ A= Z8E Zow JqidHth
YARA Birkeland& = 3F oF 4vttfo] Egg tiA|ste, At &&HIE 90%7}
F A7d 4 A ¥ okdg NOx¢t CO, Mi=Fs 7
AS Aoz PFriEoh YARA International o] F-213tEX4-S 201939714 = ¢

T

&ala, 20209 HEl= A =}
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7 g TES E%?‘& Kongsbergﬂ A IHolHE FRSIHAE, A&
o o=

YARA Birkeland main particulars

= LOA79,5m = Capacity Cargo capacity 120 TEU
= Beam 14.8 m = Deadweight 3,200 M/T
= Draught (full) 6 m = Service speed 6 knots

Fig. 4 YARA Birkeland Main Particulars
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ViRGREEN

EVERGREEN

EVERGREEN

Revolt main particulars

= LOA60.23m » Capacity Cargo capacity 100 TEU
= Beam 14.5m = Deadweight 1,250 M/T
= Draught (full) 5.02 m »  Service speed 6 knots

Fig. 5 Revolt Main Particulars

WY T A&edAu A Z2AESL F7HH e AT 54 3
9 2 AY AR A7t JAHIL Uk 5 A9 HAH Ats AL
TFoE FEIAY, S4EEY FFAH AT HFas] AR 54 S
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T EE SAY AzE AL Aolrt glon, A& i 7EH P
= g8 &5 AR 25 A 8ele @A dddn =3 AL AS
5 Od H2ES Ads dF AR A48 i Bek A 3 A
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Marko, et al. (2017)2 #A-&-34Adute] YAA S
B Q@7ARF @ An]l 2~ ZZ(Quality of service) 845 283t AL&-SFA
o] Fa3% P8 AE &40l A ¢S AUdte BAl Al
Aok, GFE sigelAe A28 EA
7] 1% 42 #YATE BFAH Y-S AdE A o
(Marko, 2019)el 4 Fig. 67 Zo] Ay WEYAY AolEH] 4L T3 A2

s Wt AU AR T T84S AESHAT
IMO Public and private
regulations clouds
m
sensordata |  Ship-to-outside
connections

In-ship network

Essential
ship data

iy

Remote
operator

Control data

LSA repository

Fig. 6 Network Architecture for an Autonomous Ship (Source: Marko, 2019)

Im, et al. (2018)2 <¢kASly AHAHOoRE FLHoRT 283 4 Y= YAA
Heg A 2Hle n e

Fig. 73 o] AA AlbetAnt. ATl Al Ship sidee} Shore sideZ vhFo] o}
B AL, vt et jR A FA BAEE FE FTFR A
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Fig. 7 Diagram of Autonomous Ship and Shore Service (Source: Im, et al., 2018)
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Artur 2018)9] AFE AABAS MU WEYT Azde AR, A5, 7
4 3 MEe AeePAe] Faarz Hojsy, AYBAL TGI8
NAel eg7bsAel UF Bt BaFe FEsQeh A HE 2 3

2

Ae FE =95 E Lidarel 22 45 Aul ol digh 345 oy A9}
& Ao HaAdS AFSATh Jeon and Lee (2014)= Auto] Fxz oz
A2 WA o] ol B2 AH|Eo] o|&Hd wel FHo RS T4 FAS
AdeATt =& FAH AUA &S ZHE 1% HE Yo ol dEE
A5k7] 28] WiMedia 719 #4 Aol ESlolE B3 Hele FFAIT AA
4 FEe Azt

-

TRAAT AZA, B Ay VEYZA
I Y-S RlE T a8y FR8AE
= MAe] Apolof Wpo] AFHEE o)t
Ha AR AR o7 e A e} A 2 AF

RS
5L AA A7 AAE I A ok F7HER] Ao BaAde] Ut

Collection @ kmou



(2) MUNIN Project Report

2012 7

HE 39z EUS Adoez " BdAH HAE FHAe HAQ

L=,

MUNIN(Maritime unmanned navigation through intelligence in networks) Project

E AESFANY J1%H, ME B ASH, FA 2 4G S B
AT A PP AT A BEE FPW i Y A9
AR A7 Fe A8 714 2E AN AL, oF AW
N BEY Ao AxET BA 71%S AEste] Auke A mUE
8 AE s se Zolth ZEAE ¥ 4PN FHLATE
Table 29} ol 10/} #okz FE3tel =4 L AdHor HESF ot

=]
Sk

AR M7} FN S

ATHMUNIN, 2016).

Table 2 Methodology of MUNIN Project (Source: MUNIN, 2016)

Work packages Related documents(Public)
1 | Administrative coordination -
2 | Technical coordination -
3 | Dissemination S
4 | Architecture D4.3 Evah.latlon of Shlp to .shore communication links
D4.5 Architecture specification
5 | Autonomous bridge D5.2 Process map for autonomous navigation
6 | Autonomous engine room | D6.2 Specification concept of general technical system redesign
7 | Shore side operation centre -
D8.6 Final report: Autonomous bridge
8 | Proof of concept D8.7 Final report: Autonomous engine room
D8.8 Final report: Shore control centre
D9.2 Qualitative assessment
9 | As t o
sessme D9.3 Quantitative assessment
10 | Future concepts D10.1 Impact 9n Sh9n Sea Shipping
D10.2 New ship designs for autonomous vessels
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D4.5 Architecture specification X iLA|ol= Fig. 83 #o] A-&gAlute] =+
8 ANz"ls SR FAste AAsta oF dEFH oA S AYsAth
(MARINTEK, 2014). 8 A]~®l =& = SCC(Shore Control Centen: Sl
Ao dAxFTH EUEBY 9T Fdsta, UHA RESS vt 745
™ ASC(Autonomous Ship Controller)E %3& 413 <lE]H o]
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Global Navigation BA i g = L
Satellite System (GNSS) }‘_b System @4%) (SCC)
Onboard Control Team
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Fig. 8 Module Diagram for Autonomous Ship Control (Source: MARINTEK, 2014)
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22 A8t ZRE Jle B RN TF

AAA, B3 HEYA, dAAe 5 AsdAdte] T84S0l tis)
loT(nternet of Things) wokllA+= FAEFS o|&F E£FAHE AAStL ok
(A7 5, 2015). F2 olFAUY 2AntE £9] A FA AHEL HEHIE
AQstal Hgd ARE FA AI2"ES A dAA e 4 RUEP] Tk
SIEE ZYES A&t FAHHIL o A& Foe4EE FY
Fo s 7EE F As Ao, gAE Aty AnE A8k o QlojA
dub ZHE 7)Eo] AL Eo] g o] o] FojA o Qth. ARk FEE V)
<3 T4 vl sdste FaAH FFS AT
2.2.1 At FRE LS

18k Ze) Z(Shipboard platform) 7] && A&-34duk /falgo|x Lo =
Alkd A

wpo] =R WA I JAARe] BaF PRES AFeA AUk 1
U FUIE e AFWAH 74, AEsol s Fol AxASUIY tha, A

879 wolgol welEA e ol ANEY 2dow s FaAt Baw

ol
H
il
ftlo
=
3
O
[>
il
o
o
o]
>,
o
N
[
filo
oft
%
%
N
o
rO
2_&

O
29
&
=
L
rr
o

of
ot
ftlo
N
X
i)
32
£
o
Hob ofN

HAAAA Hef Aol the A
FalgnEe] Bl Ue Baol A4, FIN Hui Aute] gl
.]

g ool SACME AR 3] A B 5 Arks Bagel A/
! 3

—_
o

ol
=
r o
=
=2

g F5E 8t A3 L 8AE 2L,
3= ISIT(ntegrated Shipboard Information Technology) ProjectE 243t
Fig. 99} o] Mt AHEFI FAEFES /MY HHOE, ofF x=9o]9
SINTEF Apell A 7§dkek MiTS(Maritime Information Technology Standard) Z=Z &

2 A&st] AzdH TF E9F de A, ddde] A" ST

Collection @ kmou



il

A
Shipboard ? ? |

Workstations [ | | .l | A
} ISIT Services —

\ ISIT Server Existing
Non-ISIT Server

il
o

Hed v JoEY 5, 2010,

cee
am | am]| am
|

Shipboard ISIT Platform

; ‘ L u
VATARSAT it s Sy _L’l
s . . riF ___- <
B 7 I ——— Shipboard
oalbs 4 i Station
i 4
Satellite Service
Earth Stations

Oil Spill

. lassification  Response Shipyard/
- Ld P B Vendor
Virtual Earth i o r E
“-: é‘ £
@ P 4
| ISIT Platform Ashore Modified figure of MIMS ISIT

Fig. 9 Integrated Shipboard Information Technology Platform (Source: ¥F&d %, 2011)
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Fig. 10 BiG(onBoard Integrated Gateway) Platform (Source: AHd<s-a-<d, 2017)
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(2) VIP(Vessel Integration Platform)
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S Control & management

DS4 Service Package

Security /Data Transfer
Communication with HQ

System Control/ Monitoring
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/Storage /Analyzing

DSME
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Fig. 11 Function of On-Board and Central Platform (Source: th-$-ZAaieF, 2018)

(3) OceanLink
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(4) SSAP(Smart Ship Application Platform)

%fgrﬂﬂl-g] a‘ﬂl/\] J_,io]: /K-]?](j.g. _?4—3]] .{:U]-E /\-]ul- o9

T

SSAP= LEOA A&
ZHPEZ e ZA o7 APFATUSMEA, 2018). Auty} SaF EA A 2H o
FEshe AR 2 AR WS A3 AEFH o~ E—’éi‘r 2o AEE dA
AR AT F dE OF FTAF UAS BEE g TPES

Aute] HA LT THL AT AHls D, Al A4EE ¥ o)y

1z
¥ =

T} SSAP+= AdEbe] A H 7}

4w
e
o
bl
s
_oL
kl

Shipboard data serverel]l == i FAOCE K4 dlolH AlH S4AHWA, o
F& AFYA NS Bl AHEA B ol BAAEC] e AHIAE w©E
T Jdom, o8 o FYAIHES FAF HAE VIRtA T NEAE0]
Eo] AFL 5 YEZS Fig. 129 o] AAFHALH

Q =i % ‘ = Solution

Platform it 53’ @ USE"@(SU)

User (PU)
® Ship owner
Solutic /
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i storage, Application
B et R d R e &
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ot e from other ShipDC @
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® =
Oy I oS Open Platform I Data BUYEI’
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Shipyard, manufacturer, weather service, insurance etc,

Fig. 12 Smart Ship Application Platform (Source: JSMEA, 2018)
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E3] Aut YEY ] #H= = Shipboard data serverel] thdk Specification}
71719 ARERRE $alsks FHe Formatg Fig. 137 2ol z+7b 15O
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Data Streaming S
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service

Data Stored

[1SO 19848] Requestaespori-e [1SO 19848]
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File based on i Transport File based on
[ISO 19848] Stored Data | service [ISO 19848]

Fig. 13 Diagram for ISO 19847 and ISO 19848 (Source: MTI, 2017)
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Fig. 14 Timeline of Adopted Performance Standards for Navigational Equipment
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TFA W2 galgule v]Fo] A, dFHoR .
Non-SOLAS ship-> SOLAS shipell ®lsl| 27} 2431, 875+ Fsidnl= doF
27A& A3)A] ¢b7] W&ol SOLAS shipg 7|+

Aol A 1980t s gnlEo] Aute] e EdStatus) S {13 AR Eo
Fosdtgon, o3 =395 ¢33 ARPAV} o] &5t A<4(Ship speed)
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THo] g1 sz wet FefH R uoto] gt olE FHst
d fg2ZFolo ETdSr] 93 ECDISeF INS(ntegrated Navigation Systems)
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Table 3 Shipboard Navigational Equipment according to SOLAS Chap. V

Paragraph Name of Equipment(or system)

19.2.1.1 Standard magnetic compass

19.2.1.2 Pelorus

19.2.1.3 Means of correcting headings/bearings to true

19.2.1.4 Nautical charts or ENC(Electric nautical charts)

19.2.1.5 Back up if ECDIS fitted

19.2.1.6 Global navigation satellite system receiver or terrestrial position finding equipment

19.2.1.7 RADAR reflector

19.2.1.8 Sound reception system(if bridge totally enclosed)

19.2.1.9 Telephone to emergency steering position(where fitted)

19.2.2.1 Spare magnetic compass

19.222 Day light signalling lamp

19.2.2.3 Bridge navigational watch alarm system(BNWAS)

19.2.3.1 Echo sounder

19.2.3.2 9GHz RADAR

19.23.3 Electronic plotting aid(EPA)

19.234 Speed and distance measuring equipment(SDME)

19.2.3.5 Transmitting Heading Device(THD) to RADAR, EPA and AIS

19.2.4 Automatic identification system(AIS)

19.2.5.1 Gyro compass

19.2.5.2 Gyro Repeater at emergency steering position

19.2.5.3 Gyro Repeater for bearings over 360° of horizon

19.2.54 Indicators for rudder angle, propeller thrust, pitch and revolutions

19.2.5.5 Automatic tracking aid(ATA)

19.2.6 Back up requirement for Paragraph 19.2.1.1, 19.2.1.2, 19.2.1.4

19.2.7.1 3GHz RADAR

19.2.7.2 Secondary ATA

19.2.8.1 Automatic Radar plotting aid(ARPA)

19.2.8.2 Heading or track control system(HCS/TCS)

19.2.9.1 Rate of turn(RoT) indicator

19.2.9.2 SDME(over the ground in the forward and athwartships direction)

19.2.10 Electronic chart display and information system(ECDIS)

20.1 Voyage data recorder(VDR)

- Wind indicator(Anemometer)
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International Electrotechnical Commission)<]
802] Working Group 6914 AAHE 4

E93 74

Adsr] AW A vEs s

7€

= TAR

Standardization Organization)¢} IMO7} W=2%5 Hilslal

= A 71 291 3] (EC;
21 913](Technical Committee)

%3171 7-(1S0;
ATGEHFAZ, 2007).

International

[EC 61162 3=+ Digital interfaces for navigational equipment with in a ship
of WAow, vt & ARES S AT A W 4F sk AU A
2RES A5E7] % B4 TREZS AL Ao FeANne 9w
2o gom, AY g, FA B4 Ax" A, dUR 1198 Sl
3= = Table 49} Zo] 47 ZFo 2 FAATEIETY 5, 201D).
Table 4 Standards of IEC 61162
No. Title of Standards Remark
IEC 61162-1 Single talker and Multiple listeners NMEA 0183
IEC 61162-2 Single talker and Multiple listeners, high speed transmission -
Multiple talkers and multiple listeners-serial data instrument NMEA2000
IEC 61162-3
network CAN network
Multiple talkers and multiple listeners-ship systems Ethernet
IEC 611624 interconnection TCP/1P, UDP

[EC 61162-12 A|%H,

A=A, B
A=
Al(Multiple listeners)at>]
4.8kbps AFEHEEE 1%
AEE Hfi lEiﬁﬂoli
NA A E

93l
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[EC 61162-3-> NMEA 2000 +4-<& dXte® 3sha 11;}‘ NMEA 20002 =}
7| *01 CAN(Controller Area Network)-& #-83to] Adl Y ELIE A Hd o]
102 FAst=Y g9o]stth. NMEA 2000 +4 < ]%—?‘5]—01 [EC 61162-2%
FdE 250kbpse] MEEHEE HESIE 7Y & Aok [EC 61162-4+=
HES T2 §8A2H 31 QEH o]~ FFo]H, 61162-3R.tF 128382 10Mbps
o] "oy A7t 7bssta, e ZEEZES Bostr] Y AAF =AU 400
o7 FFHITE A 400, 401, 410, 420 & oz #H BFE°| AAHY
, 400> ohro] AEAS} o AR AduE Al 2ED Aol gk o

_,VL_VE

onk @& Ak Y EQIA FA = deidrler AlA o] A& F4 RS232
U, RS422 <QIE o] 22 dA4dx3, ZAHlE o= CAN network T-/4do] ®ol,
NMEA stZ0o] old [EC 61162-42] A8 ©A &dtt. wiFo [EC= 61162-4
7F A3} HA st e FAE AAstr] fske [EC 61162-4502 Alkst
Al H At [EC 61162-450-2 AuF el &4l AHlSo Au o 2 g Auta &
3ol FAle AT eT7AEH HZE e Aosta vk Ethernetdt
TCP/IP T2 EZS A&3lH, UDP(User Datagram Protoco)e] HEIZ|AE Z =2
EZS AHg3t} Binary image ©lolE o] % WS FA43la, VDR 7[E5&
#13F RADAR olm|x] AE= 7hsdl] FFagFe dole Aot Fdol &7

= AEdAE e QoA Fad FFEol 2 AR AqdE. =3I
20153 f-Elyet =22 AAHH [EC 61162-460% A U ESZo] HF Q A}
ol thet Ao g A& A el lo] Atolw Bl oot A F a3k
RFEOE TFo] A Aot

1) NMEA Standards

™, 53] NMEA 01832 @A Aute] ejgns< 7€ 2 7 & A A&
H QAHEHol~ EFoltk. NMEA 0183 E&2 AHFAl9 3 WHo=z AHod
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tlolel o] mz} AlAoA BRE
2 A AL F e Ae W
Al 61162-1% 2= AP 2N [EC7F A3t vt i xd QI #H o]~ %
TZEEIFo] HAth. NMEA 01839 HAFE£=+ 48kbpsolH, =&
[EEE(Institute of Electrical and Electronics Engineers)e] RS 422°] % F& wh
I 9tk NMEA 0183 ©]% Hrt} e AESEe) tdst dafidu =9 AR
£ Plug & Play 54l 722 T3] 93] NMEA 2000 :#Fo] A|AI= At
NMEA 20002 stEARET 0 E, F4F AutdA o go] o|&5a AT,
ASEEY UEA FA0] TYAlE, 5 ME(Backborn)e F3 HE3t
TREE Aol dor, [EC 61162-3¢] FFC =2 AJFEHAT ot AH of
slel whel NMEA 20008 Ho SdAlClE Aolo] A2 = U= FHolA dF
st=A HESA 740+ F4H & + @254 74, 2013).

il

2) CAN(Controller Area Network)

AsAke] AR HELYI FA4E 98 AdE CAN2 1SO 118982 %+ A
AERom, AFAHET ofle} MukEopdA e A §atA HAn. CANS H&
tole AFER FBAE AFstH A vt =27k H 3 IMbpse] Hlo]
Bl 24E3 CRC(Cycle Redundancy Check)E o] &3 o F A& 59 dAHAHS
AFe Fa tre A AHE A5 Adsts AAZ Aol YES ZojtHe]
d 5, 2010). dHiolEl HAEE Eo|r] Hste olXHo|HE AMEEHH,
TCP/IP ¥}2lol] HIgte] 3|t HIEZL 2, HIEZMA SR FE& TASH &
A7 Doy 2= AHo] 9tk NMEA 20003 o] wlEo] Zo] A gz}
AZ4EE 294 =27 5070, =83 w=Ut 25471 AFkEe] i @Aer 2g
of ZAIZF AR, ME T HIPAE Fof MAE F JAM@AHEENE

¥ 3], 201D).

3) SAN(Ship Area Network)

SANZ =T ddTEHdH s5dTE S8 AZA=S
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Ao 74 /&S §HT VEAR, Aut g FEEo] AW, e A
B, BA 2 EUAN 5 aB¥ 5 UEE AFHE MR Y=g =olthel 4
3 5, 2013). IECY] 61162-450 %=+ 7]&2 A 835t AdZ24H SANLS 3H S

sl Aol 5 glom, SANAE 4L o dAow v mUEPY Ao
7} bsaith @ At g AzEs 2zEdo] dadolE B 4 BER

o
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= iAol 2ag o= A4FHI . R Zh 2k Lidares 1832 8 EA

Table 5 Transmission Requirements of Navigation Data (Source: Marko. H, 2017)

Cat. | Equipment | Single file/Image(kB) | Update rate(Hz) | Compressed bit rate(kbps)
Sensors 12 0.1-1 1-10
) Control data varies 1 1-10
As is
RADAR 375 0.4 100
AIS 375 0.4 100
Video 200-500 1-10 150-1,500
HD video 2,600 2 800-1,500
To be
Infrared 330 1-10 200-1,000
Lidar >200,000 1 1,000-2,000
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ol7|Elx] HAZ Y3 L FEA(Requirement analysis)S olaf| BA A & ol
g olslel AHels FFo= t'fhi‘f(ﬂﬂf‘fﬁ 5, 2005). olsAAA 8=, MNE
]

g Alzgle] AFor sk o FH(Capability)o] 1, 9@ oz Yelde 7)s
ol dee watH, 7F J‘l—?*Pd(FR)JJr H 7] Q7 AFS(NFR)C.2 R
7% QFAEFS Al 2~H 7]%d] T3k g o g, AAElo] Bl Z=3)3i=x]d
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HMBAAE OB AT Axd D oprlEH HAC VAL AAAY 1
daloksts N B 1FS W, A Ax"e] I OFF LTAGE
ANSAG £HY + Uk Fig 225 FAAZAEAE ALgo] BanE
BAAEY AP BAE HPB o] F olAWAAEL 2TI5H FAL
e Aosta BAsSE 43 s, oHAE AUsE oHE
(Architecht= ©] % Fmath AAUel: AMEe oA HNE Fxshe] Axd

Ae o] AN ZAZ ASeFHL A
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RES LT ey A4 B 2 g olsw
o 87 AW FAL oprlEEeA A HPo| 2ol o T,
SABAA QAS) WrFol wel HEH FAE A5 J5E e
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system platform
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s Developer
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Implement
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stakeholders
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<<include>>
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platform
architecture

Document
Requirements

A

Architect

Fig. 22 Actors’ Role in Development of Navigational System Platform
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+ Manufacturer2 FAStATH 2t 254E 294 F 899 AA ols|#A AT}
Fofstl e, Ship operator TFS HESHA FAT dAo 2 MukS 2FT)
= J¥olnz sAaAH] M B AF AHA} 15 d7IAF AE &A A
g3ttt Port authority 1&-2 AurgAbR 183 VIS AL 1We] 742zt
Fod3kdal, Ship manager 1&E% ARFS AL Aubedtgdal 19, tdFE
g2t 1 o= T4 Y. Manufacturer 1452 &8iH] A z=Abe] g 19
I oA 2" EFAA WAL AETE 1ol FHosiien, 8% 25 Al
3 FEASTE 47 s AT Adbt A Es 7Rl ol AAAERE T4
st QAWE 89 9] olsjAAARE gt A2 AFZQ H7]s 87FAE
QA AolE fsli = oIEES Foate] &2l &l HA B A, B
B 7P AAT YR %%3}2%71 dfEolth. =R A RIS
T AE FYVE 8AES FHF0E =E37] ilAE A7 FH9 B4
H 7lesd 2 SHEFH ob7Ig A 2Ea SIW o7l gA AT ol diE AR
= FAAENA oA Ak TMEstEE SdAHE ALY ol H#A AT} FTt

aiHolnt. 8o &FA BHANA AAE =F2 o AR o s F
A7} BF7F B FAo] o] FojA 1 tA] of7|ElH H7} AAANME &FA #H
o] FriAEe] tAl FRIsHA HER =28 ZAr B FARe] FHA|
FQ3HA MYF 7= oda, HEAHoE ©25 Ao s AEL o]s)
AR T8-S 3l M o] A&HH

: : <%use>> <<use$> ; \_\

ot

Ship operator L Port authority
(ISCC) | Navigational (VTS, Pilotage...)
system
platform
i <<use>; é><use>> %
Ship manager Manufacturer
(Owner) (H/W, SIW...)

Fig. 23 Stakeholders of Navigational System Platform
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Fig. 24 Stakeholders Engagement of Quality Attribute Workshop
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3 9 +53, GARZRY A%, ABRIIS, AW BA Azdolth

Table 6 List of Functional Requirement

No. Functional Requirement Related NFR
FR 1 | Monitoring function NFR 1, NFR 7, NFR 24

FR 2 | Warning(Alarm) function NFR 5, NFR 9, NFR 16, NFR 25
FR 3 | Ship control function NFR 2, NFR 6, NFR 8, NFR 31
FR 4 | Standardization function NFR 3, NFR 11

FR 5 | Communication management function NFR 4, NFR 12, NFR 19, NFR 21

FR 6 | Cyber security management function NFR 14, NFR 18, NFR 20, NFR 29

FR 7 | Data recording function NER 17

FR 8 | Equipment quality management function | NFR 10, NFR 13, NFR 22, NFR 26, NFR 32

FR 9 | Manual control(Override) function NFR 23
FR 10 | Route management function NFR 15, NFR 27
FR 11 | Auto reporting function NER 28
FR 12 | Onboard monitoring function NFR 30

@ W7ls 87A

7% 87AY #Ed 327e BiYE
(Equipment quality management function)ol] t3l o]sj @A Alo] 71 W &
S5 AANEIAT e g2 AvtxFE Jle, BEUHEHD Zed A ¥ EF 7
s, sAl#E] 7Ed AbolH Hko] #3k Yo
A =24 32709 BI7lE 8T7AMES Bed 2T

_y;l

e NFR 1 A&3F 7+4(1 sec) &3 AW +H
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e NFR 6 A58 & 5S4 @A =7, A

==

=
o

=

o

e NFR 7 9 &3 AR AHH3I 134(5~10 sec) 3
B

e NFR 8 Av w5 4

N
N
o
-

e NFR 9 &sldH] o], AH T2 AHT 1HAG~10 seo)oll HF

jus

A3 717H5~10 sec) o)W wH&

e NFR 10 & &H] o] A A3 k4 (30~60 sec) ol WY A&

e NFR 11 =& &n] AzA HH o2~ FF3}

e NFR 12 2l Ari(Hely AMg& St
e NFR 13 Aute] Qb 3o gk 71+

e NFR 14 AlolH FZHOo =

Ak
e NFR 15 Z& % ¥ A g &AH| A"

e NFR 16 Auv} 93 A3 =

e NFR 17

=
e NFR 18 9% (R3] §lo) A #84 25 715

e NFR 19 Auts} S74 2 Hlol A, t40 tiad A== HHd 7|+

e NFR 20 AlolW FZAof thadt xtet 9 of A
e NFR 21 e-Navigation & 71 F<1 theFsh
e NFR 22 Al2=Hl9] A4 gr

o NFR 23 W43 B4 A 5% 2% 7bs
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e NFR 24 #Hd3 11402 HAuA R

e NFR 25 A8} 9fsj a4 ster g #e] 7|+
e NFR 26 7]7] &35 AR 5 o]d 43
e NFR 27 #g & Aut 3 Jepd 94 7
o NFR 28 Aute] &3 (s, Aut 5) AR AF

e NFR 29 Atolw] FZA o] gt tf-& "<t

e NFR 30 Aul A T o A3 Al 9 B4 9 A
o NFR 31 Aute] 944 Al & v Al @A 7R $4E9

e NFR 32 A-be] 2o wiet HAe fARS: B

H 7% QTFAE E20E= A7 DAd Aoy 7% S FAE Y 3 dE
B WE 2 AAR 27AZe] TFH] Slo] QAE B ok W&
QAW TANA FdztEo] RAZdof sl H7|S QTAFLS M43 51y
o Az"e FES UBds vVl 8 7ARES W37 98 A

Fas7] Mo, W2)% 274G S5l A5E Yelste] thg Tavle 79 2

o] =213} sttt

A 35S ToE9 FAHCE FEHH, FoX(Importance)= ot E A
ol A A= F A et Holar, FAAl(Feasibility)S 7]& 2 273 ol A
ob7IE A F mA= FEFH o

Heg WS 22 HH He 104 9
NAZ HHE 9RAAT SJANVAAEY AL BFsel T FEe| Farol

2 A9 Hl7)|% QTAEo] SMLYE zheo)
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Table 7 Priority of Non-Functional Requirement by Stakeholders

Average
No. Importance Feasibility Total
Importance Feasibility
NFR 2 59 62 121 7.4 7.8
NFR 14 61 59 120 7.6 7.4
NFR 29 62 58 120 7.8 7.3
NFR 4 52 65 117 6.5 8.1
NFR 3 58 57 115 7.3 7.1
NFR 1 61 53 114 7.6 6.6
NFR 20 62 52 114 7.8 6.5
NFR 7 57 56 113 7.1 7.0
NFR 5 63 47 110 7.9 5.9
NFR 22 56 54 110 7.0 6.8
NFR 28 59 50 109 7.4 6.3
NER 8 57 49 106 7.1 6.1
NFR 18 57 46 103 7.1 5.8
NFR 11 49 52 101 6.1 6.5
NFR 13 53 47 100 6.6 5.9
NFR 24 59 39 98 7.4 49
NFR 19 52 45 97 6.5 5.6
NFR 12 51 43 94 6.4 54
NFR 21 47 47 94 59 5.9
NFR 26 50 44 94 6.3 5.5
NFR 6 48 45 93 6.0 5.6
NFR 15 50 41 91 6.3 5.1
NFR 31 43 4 87 54 55
NFR 27 45 41 86 5.6 5.1
NEFR 9 47 37 84 59 4.6
NFR 25 50 34 84 6.3 43
NFR 16 46 33 79 5.8 4.1
NFR 23 40 39 79 5.0 49
NFR 10 37 41 78 4.6 5.1
NFR 32 37 34 71 4.6 43
NFR 30 33 32 65 4.1 4.0
NFR 17 32 24 56 4.0 3.0




SAesY W% LTAG F FAE FAYY HuolA 1-3& Lk
), 4-62 MGED), 7-9& HCEsS)E EFato] Fig 259 o] AHEE 24
itk SIW ol7lEld o BolH, FAEL FAM o] ELoE BriE A
$E WMEA JHAok S 8T, e FAHAT AFAE FE Axw
o] AuEA e aFolthAZES o] FIAIE, 2011, webd saje] oo
ZFaweh FEHe) 9o WA JHHok e LAE TS GoolH, FA
SAol OF Avee Tz oplgA Aol $

SFAGE AFE HFIY el wrls LTFAY B5S Table 83 2

Ty

(H 9
8 e NFR 4
o NFR 2
NFR14 e o \ro oo
7 NFR7 e NFR3
NFR 22 &
o NFR 11 PR 1 ® o NER 20
o NFR 28
™ 6 NFR 13 e NFR 8
NFR2T &0 8 |4 \rg 1g° NFR S
$. o ® NFR 19
NFR(31 o NFR 36 ¢ * HER D
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Fig. 25 Priority of Non-Functional Requirement
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Table 8 Non-Functional Requirement for Quality Attribute Analysis

No. Description Remark
Real ti ini 2 . . . .
NFR 2 eal time(minimum 0.25 sec) course & speed Quality attribute analysis required
control
NFR 14 | Security standards needed against cyber attacks Quality attribute analysis required
NFR 29 | Countermeasures against cyber attacks Duplicate with NFR 14
NFR 4 | LTE(4G) level connectivity Quality attribute analysis required
. R . £ all
NFR 3 Starlldar.dlze 1n1?ut & autput inforetion, of al Quality attribute analysis required
navigation equipment
Gather appropriate interval(l sec) navigation . . . .
NFR 1 information Quality attribute analysis required
NFR 20 | Block and countermeasure against cyber attacks Duplicate with NFR 14
7 Collect key navigation information at appropriate Duplicate with |
intervals(5~10 sec)
Cognitive mana; t for situati f : . . .
NFR 5 gm.lve S o0 ey Quality attribute analysis required
deviation
NFR 22 | Secure system reliability Quality attribute analysis required
NFR 28 | Provides information on the ship's operational status Duplicate with NFR 1
hi informati ithin th . .
NFR 8 Ship orfier information responds within the Duplicate with NFR 2
appropriate period (5~10 sec)
NFR 18 | Caller in charge for external access Corresp ond§ to functional
requirements
NFR 11 | Standardize all equipment manufacturer interfaces Quality attribute analysis required
ional
NFR 13 | Standard for the safe operation of the ship Corresp ond§ to functiona
requirements
NFR 24 | Check ship information at appropriate intervals Duplicate with NFR 1
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Reliability check criteria for data transmission

NFR 19 | . .
? interval between ship and land

Duplicate with NFR 22

Problems with the transmission of modern equipment

NFR 12
(increased data usage)

Quality attribute analysis required

Provides information on abnormal conditions such as . . . .
NFR 26 device malfinction Quality attribute analysis required

6 Reflecting the specificity of operation by ship Corresponds to functional
type(ship size, ship type, etc.) requirements
haneine shi o he inf .
NFR 15 When ¢ anging ship de.:stmatlon, t e in ormation is Quality attribute analysis required
reflected without affecting other equipment system
Vessel hazard identificati d t . . . .
NER 25 | Vessel hazard identification and managemen Quality attribute analysis required

company report

H| 75 87AM; 550 disl olsi#AIAES] =97t JPHAeH, =9
QoA dutel Alojo] thE Hl7ls LTFAFOZ NFR 29 NFR 8] frAbatn]
Akl tE 2 FARe] Zolwt glemR FQwer T YriHoz we
NFR 25 &4 o= =&t =3 el B8R 3o gk &2 < Hl
71% Q7Aoo 2 NFR 13 NFR 7, NFR 24, NFR 280] A|7b# zjols F
TEHOo R AMEYT ol BAAESE NFR 19 1xutth Ao gt v
< FEEA BA dBoE stk Atold Hek] #gk ¢
QFAF}E NFR 14, NFR 20, NFR 297} 25 o] NFR 149 E£d&4 B4
5 AAs A

7% e Al thd ol Fgel M NFR 6& AEW, 374 &3 554
wdol a7d ZoR ANFREY ok 7% LFAFoR APEs} Bed

H AT NFR 63 zFo] AMube] <k &3] gk 7]&<] NFR 13

I

o off off

< U A 33 % 7l5S &7% NFR 8% 7|5 &
TGO, stk HEHoR FuLHe] B AuLe Aol Be
gk H7]5 SFAES =9stel wel, NFR 2, NFR 14, NFR 4, NFR 3, NFR 1,
NFR 5, NFR 22, NFR 11, NFR 12, NFR 26, NFR 15, NFR 252 =Z% it} 1
U A w7 LTS FAs A4 977k gEASA o} o F WA
A A uos LA E AL Bastith

ft
AL
S

0 (
rlo
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1HE AQdsta 7= A2 @ FAE S-S HAE A fARY <o)
S79EH ol w} ol AAAEZY AFHHE F FS AR ESHE gk A
W A ofALERE AR T Al 2=®l A FARKHC; Constraints)2 AHF7F 38 §

v AAAAR Y. EAZ AHE WEA AR&EjoF ThAL, Al =Elo] /‘1313:
A olool Fthe T AAAG ST $AERE) shA] oL, ol s HA A
OFEE 53 o] 7|Evt Foste H5& AAgsgith

=

a7
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o
-
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C 4 el A 4G 572 BA &7} wEsofof 3

Cb5 AL thilsts B4, & & ARAXA7ZE 9t=A 27

C 6 &4 440l BRE HeAstE AFSE A
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C 7 galAn] Azt AR &= dolg w23}
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o C 26 FHANLHEAE Ao Fult BAF A9, B A4 B8

e C 27 Fefjr=HlE

e C 28 &4F =+ Fuikel

«C20 P wE TAANE F AR Holo] aTHE Aol AYE &

C 30 AFUAolA ZHF AHY FA=Z Qg BInE S7F ¢ 74

C 31 FAN2ASRE A5 5T HAE 93

e C 32 BEAE S22 A% Al=H o, AlA AT, 53 39 &3, 3}

5Ol % } o= Zog S/W A ~EHe

AL AAG  glom, FH g 7I1FH oldl= ArEmth Bkt wiE
ok Aojste] F7u <l

S WA A" F4

< ¥ 23 (Formalization)ale] A o] gtt}, S/W o}7|&lA] 7ol F23 0 =
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(D ISO/IEC 9126 #& =4

ISO/IEC 9126 @A =412 /W F42 #Fo= AT om, AR &
Hel SIW FHEAG e EFolth. QAW olsfdA A=Al Table 99 Zo]

ARG 8L et Al et R FAYFoE 6719 543 20 AF 5

|

do® FAEE ISOMEC 9126€ QA £4° Fxe== st

Table 9 ISO/IEC 9126 Software Quality Characteristics

Characteristics Sub-Characteristics
Suitability
The capability of the software to provide functions Accurateness
Functionality | which meet the stated and implied needs of users Interoperability
under specified conditions of usage. Compliance
Security
The capability of the software product to maintain Maturity
Reliability its level of performance under stated conditions for Fault tolerance
a stated period of time. Recoverability
The capability of the software product to be Understandability
Usability understood, learned, used and provide visual appeal, Learnability
under specified conditions of usage Operability
The capability of the software product to provide Time behavior
Efficiency desired performance, relative to the amount of
resources used, under stated conditions. Resource behavior
The capability of the software product to be Analyzability
Maintainability modiﬁed which may inc}ude corrections, Changeability
improvements or adaptations of the software to —
changes in the environment and in the requirements Stability
and functional specifications Testability
. A ili
The capability of the software product to be daptability
Portabili transferred from one environment to another. The Installability
t environment may include organizational, hardware Conformance
or software. Replaceability
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(2) SEI #4254

SEle] Fd&A EAe 9ol FEAA Al2El, H2Y2, of7|HA FAL
A Al AR BEREY v2YUs FAEAS vHA" #folH, oy EA F4
&L op7ldlA Hstel 7 gal, Al2E FEAEA 0] i FEEHAEY 7NkE
TAST wEo AR FHAE ol BHEE FAEHL SEIY AlH
FAEH Fio gt SEl #2454 Ede A2H sy dEEE RBE
I E¥H BdHEHE FEOE FEHH, A2E ARy #AHEe FEEHL
g9 27}A ol th

o 7 8ol (Modifiability) & S/W ®7dol thgh dol= 2 A8 H|E9] FFI

e Aew, WA a7 o] AlxEle] WHgE & JEF sk S/IW Y

g-o] A (Testability) & A El2E7} 758l S/We EAHS A
gotd ¢ e BEE Doy, 2% Folr] f& Aldolv adAo
2 FYPHEA G AP LQHE Azt tig £4

o 7}-8/d(Availability)> A =8l Aoz <l
of Aj2~Hlo] Hod W 82 F IS 2
A% (Performance) & F2 S A7ta dAHT, AXJE 7o) dep) @
< A52go] BadA, HAEUERT oW 7]5o] Iy A,
o] AgA AHEHE=A, ojd
o H(Security)> ZHFE AREALOAl A B2Vt AFEH = TG SUAHA @
Abgol t&3te Al2H 58 A=
o AH&-9(Usability)2 A&7} %3}% s s A8l A="e drt

U GA A = ekl B A
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Q) olsiaAA QA 8¢

olsf FAAE0] BT B7s LFAEECl thall ISO/IEC 91269} SEI9] F2
L4 2ds Fxste] 72 QAES Table 103 o] Bttt o] #AoA o]
AAAES P =EFRAE el ISOMNEC 9126 FH 454 mdo] ghes)
| &5 A &ol, Ayl olEsla I A teiE FrHER] = 8
A= AZskan. 2L An7ix Y Fxudoly, Z2AE H23} gl u
gt Ao o 7] "Wzl QA Aejek £40°] BWEIAY SEIS] QA Ed S o}
g 2Eg Al H&sa.

o~

o

Table 10 Quality Attribute by ISO/IEC 9126 and SEI Model

ISO/IEC 9126 SEI Quality
No. Related FR
Characteristics Sub-Characteristics Attribute
NFR 2 Functionality Accurateness Performance FR 3
NFR 14 Functionality Security Security FR 6
NFR 4 Functionality Suitability Performance FR 5
NFR 3 Portability Conformance Auvailability FR 4
NFR 1 Functionality Accurateness Performance FR 1
NFR 5 Reliability Fault tolerance Auvailability FR 2
NFR 22 Maintainability Testability Testability FR 8
NFR 11 Portability Conformance Modifiability FR 4
NFR 12 Efficiency Resource behavior Modifiability FR 5
NFR 26 Maintainability Stability Auvailability FR 8
NFR 15 Reliability Maturity Modifiability FR 10
NFR 25 Reliability Recoverability Auvailability FR 2
- 71 -
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AR QAZF Aol o]E ZINte g o}7|EA

ol 3l & A=l
Aol o], BH=EE I3 FF L HolHES IZ=3) 3t A= +
)=

421 F8 3|7

IMO+= SOLASE &afl dafAl 2="le]l FAEojoF 3t= 7|ES AAT 8 ol
2} A5 7]F(Performance standards)S A&l EH7|&e] Aoy 2 §lo],
e THEAS FASHAA ek Bas AVle ¥ Hdr
£ a5t Utk A5VES B FEARELS AxAF dEdHeE ¢94F
T 7153 e FsAteAl AFstA "o IMOYd s &3
gk [EC2} 1SOe] Adexso] 1o, [ECe] - TC 8004 UESL ZEY ofy

oy

IMO9| A57l1ES AHE2 B Y W8] Fa35tH, [EC d57]&S Adtol
gAE AFol AsrFES UFEEAd U H2E #dHoz yg3d o)
7b e, 72+ AerlEe el AFHEAY Vs3] 8 4 L7 /IS
As7re] FHEL nEgow xS FAsw MAstT QT Table 11 a3

=
B A3 [EC, ISO #dE FFE A Aot} Z AnEe ASsHEE

o] MOSIA AR A71E FA ZAERoD, o Ax Mute] 42 27
£ A7) SOLAS ®eof Anle] zAU &3 Zo] Mute] 2E4, AxA7|9 A
Zol W} Aolatd B ojdy] WEd Hz AYY sFow £ Ay
2 %AF % Ank AEolY A5y Fo Aol o]FojR AgE 7}

 Ho AsvlEs I 24
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Table 11 IMO Performance Standards & IEC/ISO Standards

Performance Standards

Related
Name of Equipment Adopted IEC/ISO
Intial Latest
date(Initial) Standards
Magnetic Compass A.382(10) - 14/11/1977 IEC 60945
ISO 8728
Gyro Compass A424(11) - 15/11/1979 IEC 60945
IEC 61162
o . ISO 22090
T H
rang:ititclz(gTHB?dmg MSC.116(73) ; 01/12/2000 Series
IEC 60945
ISO 22090
Transmitting Magnetic Heading Series
: MSC. - 12/1
Device(TMHD) RS 08/12/1998 ISO 11606
IEC 60945
. IEC 60945
Rate of Turn Indicator A.526(13) - 17/11/1973 IEC 61162
o IEC 62065
Automatic Pilots A.342(9) - 12/11/1975 1SO 11674
. IEC 62065
Heading Control Systems MSC.64(67) - 04/12/1996 SO 11674
IEC 62065
Track Control Systems MSC.74(69) - 12/05/1998 SO 11674
IEC 61023
Speed and Distance Measuring A.478(12) MSC.96(72) 19/11/1981 IEC 60945
Equipment(SDME) A.824(19) MSC.334(90) IEC 61162
IEC 61023
ISO 9875
Echo Sounder A224(7) MSC.74(69) 12/10/1971 IEC 60945
IEC 61162
IEC 61174
ECDIS Standard A.817(19) A.232(82) 23/11/1995 [EC 60945
o . IEC 61108-1
Sii'ﬁg:;f:;&:gtelggs) A819(19) | MSC.112(73) | 23/11/1995 | 1EC 61162
Y! ’ IEC 60945
A.222(7) IEC 60936
RADAR MSC.192 12/10/1971
A477(12) SC.192(79) /107197 IEC 60945
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Automatic Radar Plotting

IEC 60872-1

. A422(11) A.823(19) 15/11/1979 IEC 61162
Ald(ARPA) IEC 60945
IEC 60872-3
Electronic Plotting Aid(EPA) MSC.64(67) - 04/12/1996 IEC 61162
IEC 60945
. . . IEC 60872-2
Automatic Tracking Aid(ATA) | MSC.64(67) - 04/12/1996 [EC 60945
ISO 8729
RADAR Reflector A.384(10) MSC.164(78) | 14/11/1977 EC 60945
Automatic Identification A.956(23) IEC 61993-2
System(AIS) MSC.74(69) A.1106(29) 12/05/1998 IEC 60945
Sound Reception System MSC.86(70) - 08/12/1998 -
Daylight Signalling Lamps MSC.95(72) - 22/05/2000
Voyage Data Recorder(VDR) A.861(20) MSC.214(81) | 27/11/1997 IEC 61996
Simplified Voyage Data
MSC.1 MSC.214(81 17/05/2004
Recorder(S-VDR) SC.163(78) SC.214(81) 7/05/20
Integrated Bridge Systems(IBS) | MSC.64(67) - 04/12/1996 -
Integrated Navigation IEC 61209
g,;r stems (INg) MSC.86(70) | MSC.252(83) | 08/12/1998 IEC 60945
¥ IEC 61162
Bridge Navigational Watch
Alarm System(BNWAS) MSC.128(75) - 20/05/2002 IEC 62616
Narrow Band Direct Printing
A.525(1 MSC.14 17/11/1 IEC 61
Telegraphy(NBDP) 525(13) SC.148(77) 7/11/1983 C 61097
) IEC 62106
VHF radio telephone A.609(15) MSC.68(68) 19/11/1987 EC 61097
o . A.806(19)
MEF/HF radio installation A.613(15) MSC.68(68) 19/11/1987 IEC 61097
Two-way VHF MSC.80(70) - 08/12/1998 IEC 61097
Emergency position indicatin A-810(19)
ra%io ybegcons (EPIRBs) € 1 A611(15) | MSC.12074) | 19/11/1987 | IEC 61097
MSC.56(66)
Search and rescue RADAR
A.604(1 A.802(1 19/11/1 IEC 61
transponder(SART) 604(15) 802(19) 9/11/1987 C 61097
. . A.807(19)
INM-C Ship Earth Stat A. 1 19/10/1 IEC 61
C Ship Earth Stations 663(16) MSC.68(68) 9/10/1989 C 61097
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52 BRI T A sty AR 54T BAD YTEL 2
Hetih. Walgule] ERE QAEsols G4 F LE AL, e
So A #A HolE 98 Basith AR gl F P 9T
Rel7} gomz e 1FoR BRe nEsE FRE AN A% B
Hoz BASGTh AA AN F vhed FNEL Aol BAYY Fa G

o

drles Aottt

AA, ‘F%Ri AHEEE deiEres Addsiat. AEsAle dYEEol
<!

HE #lstes AUz ¢S, Fol

A, 2ty F4E 7oz ZAFIe HAHE B
(Simplified Voyage Data Recorden)®} #2& Zt43} #u
+ 39 s ZAHlE2 ALtk

A, MASS A% 2 o3 d4&s dARE At FAFA7E 275
A gowmzg A Al CFHAAE Zo]r] 93 BNWASBridge Navigational
Watch Alarm System)2} 2-&

OAlA, S92 F&oly taEge] glo]l B AHle F7b s oEA A
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&5 = Az"HEs Al
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Table 12 List of Main Navigational Equipment(/V,)

i N, Navigational equipment

1 N Standard magnetic compass

2 N, Gyro compass

3 Ny Electronic chart display and information system(ECDIS)
4 N, Global navigation satellite system(GNSS) receiver
5 N Sound reception system

6 Ny Echo sounder

7 N, 3GHz / 9GHz RADAR(included ARPA)

8 N Speed and distance measuring equipment(SDME)
9 N, Automatic identification system(AIS)

10 Ny Indicators for rudder angle

11 N, Indicators for rate of turn(RoT)

12 Ny Indicators for pitch and revolutions(RPM)

13 Ny Indicators for thrust

14 N, Voyage data recorder(VDR)

15 N5 Wind indicator(Anemometer)

Q) "oy dHTA 7

Fefgnie] doly AHLY ERe ARE AAF L FAss AAA o
O3} Zo] a7kx 2 /738t Fig. 263} o] &ZHle] AAE o]gsf Hagh
BARE AF = A3t Measure, 2F-oA 54 Fi 9 FHE 7HA L
ARE FAst= Reception, £xE <1438t Detection, BERES TF3HAY
22 A A4S 53 d=AHRE AYAst= Combinationo 2 FESAT 471 2
ol dgdae] B/Fe Di=1~4)2

2, Measure= D, Receptione D,
=

=3} st

Detection D,, Combination D& Z}7t
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5 Data @ Data re
i generation display ((( ))) Data. Data
(Msﬁ:nss'-‘l:s Equipment Reﬁn —.procassmg @ _P Y ,
(Antennag) Equipment
Measure(D),) Reception(1),)
£ |l 35 e | 228, =
(Sensor) Equipment i Equipment
Detection(L);) Combination(),)
Fig. 26 Classification According to Data Input Type(D,)

D2 AME T3 SAFS tolEStsle] txaEdol oz FefjArt
A8 HuE A5 Fool AuSelnh @A ge FAuI} ol
ojH, o] Rz AdoAnt SAo] Thes] AT A TGAANA A
o 2 nE] WeA] fAlslof sl ARl AYHT B AuSL Stand alone
FEY Z-HZA] T4l Bow, AR HE SHAME A WHEH7] oy
& E7o] itk

D,= AA7E obd SHHUE T8l ARE RERE FAlste 729 AHE
olt}y. o & & Automatic identification system3} Zo] 9] ©Ho|HE 418}
Aol ARE NE yzEdold UehAY & AnE Ags o8& F 3
o oRk o] R oAl WETt AS F U At K SHAE= FHeF
gk 3 ArEE & 4 Ut
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SRLES Y5 WA 34 A8
BRete Dste Folsk Ak BAE A4S WA SYH o] Wi D,
H

£ SAsts Aol ofde}, Aut FHo AU BolES A FEoA o
2t} A AHE Fo= RADARS} Sound reception systemo] o]of & &= =
Sgte] FoAn 2 o A4E = Lidaryt IR camera, Night vision 5 ©]

% Dol AR Aulsolth §, AREE Mty ZAst FHoR wl

IS
rlr
&
X
T
[>
=
=
2
I,
T
rlr
53
N
rEl
£
1)
o3
I
il
o
ol

fu o
it
S
ofo
QL
&
]
N,

Electronic chart display and information system”} Combination “gH]el| &) 3=
™, INS9} MdalofA Alarme #elstr] faf Hdute] A 82 Ao= Ag4H+=

BAMS(Bridge Alarm Management Systems)E & o] EFo| Z3+=d = 9l

o}
Zb dlole i=E2(D)el Wt F8 FeAu(N)E &3 2ol TFHE T

Ny Ny Ngy Ny Ny Ny Nygs Nygs Nys € Dy (4-1)
N,. N, € D, 4-2)
N,, N, € D, 4-3)
N;, N, €D, (4-4)

o FAAUED wold A
al

o
(Surjection) #AE a3 o] BT + Joh

ForYyED,, 3x € N, suchthat f(x) =y 4-5)
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@) &8 715 &7

2} ElolE S 7%l 71&S ¥, Fig 277 2ol
Aute] eA Qo] JFe Ft AT ulTH 74

st5 33yl 913k Weather surveillance, A¥JE]E <l

Ship state, & ¢ & EA9e] =2 H3l7] Y& HRFF =29 Collision

avoidance, @ a9 A% ol Htazg s 8] 4RE

3= Ground avoidance® EF3tHth & An7E AFshe FRY HolEHE

7% BRFe F(i=1~4)°] wg} Weather surveillance2 F,, Ship statex= £,

7
=
=

rr

Collision avoidances £, Ground avoidance< F, & Z}7} 31=3} 3513t

Weather

“... | Weather surveillance [ Ship state |

"""" e "
angle et

Collision avoidance i L ﬁi

<

Ground avoidance

Geographic
information

Obstruction
Position

Muke o5& s} waA 7]
o gL 1eB Bast gk BF Aol FFHUBE FF7) £7 W
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+ Wind indicator =+ Anemometer= SOLASOﬂ A
YRR Ao} 2Fof o] T 88RE AF3h

Fy, &sjgnso] Algsts AE 8 HolHE2 Autds|rt o] Fo
2 B A dojA = 2 FAY FHABEEE UE =AU @4 AdHA
2=tk EFZHRudder angle), A<, Ag3F(Heading), <3137 5RPM;

Revolutions Per Minute) 5 ©|t}.

F, g8 Ee 34 49 HeadRE it SEolge A2 ME A
Aoz wAstA] 7] wiwol] B3 Al EAeke] AAA FAEHH, 1
EA9] A= FH ol JS Aeol sgErh Automatic identification
system¥ RADARZ} Z&3|9E A& ol =499 #AAY ARE AFalFH,
VHF$} Sound reception system-2 A8} J57te] Z=39& A S4AH +F
NEE o] §35t7] #13F Arlolth

e

Fe aHstRY ZA49F FS5S dstr] A AHEY EF/E, SE395
Skls %@ﬂ% A FAANAT A9 2y HNEES TH Y EAE
I 2 SHYE HAZ &S] oldo mEbA Adks &3] 3 ARE
A F-8k= L’6‘H =0l sl ™, GNSSoll ek #1272 2} Echo sounder®] =
# AR E Electronic chart display and information systemol #&3}H dx] &

Aol srshE: AFEAY FHzoll o] of| ARAA AT = Tt

tlole 7 (F)oll met F8 Fefigul(V)et dA= a3 Zo] 2HET

N, EF, (4-6)
Ny Ny, Ny, Ny Nygy Ny, Nygy Nyg, Ny & 8 (4-7)
Nyy N5, Ny Ny & B (4-8)
N, N,EF, (4-9)
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e The International Convention on Standards of Training, Certification and
Watchkeeping for Seafarers, STCW, A-Il/1 & A-Il/2 & A-II/3

Guidance regarding watchkeeping arrangements and principles to be
observed, Section B-VIII/2 of the STCW Code

Recommendation on basic principles and operational guidance relating to

navigational watchkeeping, IMO Resolutions A.285 (VIID)

COLREGs-International Regulations for Preventing Collisions at Sea

Bridge procedures guide & Bridge Resource Management Guide

e Officer in Charge of a Navigational Watch, IMO model course 7.03

g8l FAGFl el Fxd WeE 5 5 2 FAYTFE 533t Fig
287 o] AF3sE Group trees ZAsATE ddl FAPF= Aute] &5
JEE ZUEF sl Watch keeping® &3 =
Z ZFAl9] Navigation, T410.2 &3ekd ARE 4]
Radio communication, 715 “33 o2 o8 ot Emergency situation7}A]
A A= EFsth
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% Passage execution®} Navigational hazard avoidance’} =

M %] Passage execution> Al¥E F=ZE wet B e HHE &)
A8l E83 HRES xFsiH, X F<APosition fixes)# = -fA](Course
keeping) % ¥ =ZZFA](Route monitoring)E 43y} T Navigational hazard
avoidance= # % A(Grounding avoidance), % =%%](Collision avoidance),
B 8}2l(Check navigation status)e] F& J¥-olth. 9o AR 6714 e PF=
Position fixess= 7;, Course keeping< 7,, Route monitoring= 7}, Ground
avoidance2 7;, Collision avoidance= 7;, Check navigation statuse 7;=2 2H2f
T,i=1~6)% o] ZE3} stHTh =3 24 FlHF-5 T35ty 9 275
= ARES 8 AHR(ID)E 23t Table 139 #Zo] 177 g&Ho=2 E/3)

I TD(i=1~17)22 F=3} 3T}

Position fixes(7,)e] 38 {3l = GPS AX(7TD), A&& HR(TID,), 14
EX AHR(TD)7} "a3sta, Course keeping(7,)S ZFEFHR(TD,), ARk
(TDy), A2 AZTDYE &<l g} Route monitoring( 7;)-2 3 =4 KB(TD,),
A Z(TD,), FNLH(TD)e] &7, Ground avoidance(7)E ZAAHH
(TD,), FTAHARR(ID,), AAAFFA(TID)el TFHoZ v HTh Collision
avoidance(7)& &3 AHR(TD,), T=AEX BR(ID), JTG3AA HE
(TD)7} B a3dta, Check navigation status(7)e HEE Fyjo o] Fe
g B ARERE B AE(TDy, 71427 mE Y R(TD,)E &
Ela=
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Table 13 Navigation Task(7)) and Data(7D,) for Navigation Task

Main Task 1 Navigation Task 1D, Data for Navigation Task
1D, GPS position
Positi . .
T (f)'ls;:n 1D, Geographic Information
1D, Fixed object data
1D, Steering information
Passage 7 Course 7D, Ship heading
execution keeping
1D, Cross to distance
1D, Chart information
Rout
T, oS 1D, Passage plan
monitoring
1D, Sailing schedule
1D, Tidal information
T, Grogndlng 1Dy, Depth information
avoidance
7@, Under keel clearance
Navigational 1D, Target information
hazard Collision
avoidance T, g 1D, Risk of collision
1D, Crossing information
T ) b Ship speed
6 . .
navigation status 1D, External forces(Weather)

Fig. 29& 8195 A R(TD)E B AREHo
AR JE3 O ARE AFse Fagiste) BAS

TLT BHE o] A

gl Anzte] #AE

HH

2 FAE AHA )

=AY A e}

°ﬂ A sHoR RlHI=

S, ole @Rol Bad PuE F FulA AT 5 Atk ol e

So] Bolwel 2718 welsta A

Hom ga|Azue B4 Aol op
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Fig. 29 Navigational Equipment and Data for Navigation Task
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Table 15+ 8 FAH(NV)EY AREAE =& dAgd 875H= A 144
g & dx, FAInskeE Arlet AAE RS A2 Oudst=

AL IMO A% 71%(P/S; Performance Standard)S =3te] &sj 4]

A ARE AT ARAAY Be A a7EHE A

H O e 7IEeE FEE Aol £55 87

o, ol& Tl olsj@AA o] Helol A, A A= o8&

Hl 2to] In & Outel] tigh AZAAES &

S48 0l d4do] HAFHo AAY, A4 =

At} Table 159 Data interval®} 1] 7+ Connection &3l 7d] |
| &9 A" EFHE wEt FoA AAStE QKRG

2 g QAL IMO As71Es Fxd AHoly] fEd =AH
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Table 14 Characteristics(D,, F, 7., 7D, of Navigational Equipment(/V))

N, Navigational equipment D, F 1; 1D,
WA Standard magnetic compass D, L 1, 1D,
N, Gyro compass D, £, T, 7D,
1 D, 1D,
Electronic chart display )i T TD
N, and information system D, ¥ 2 0
(ECDIS) F 7, D, TD, 1D,
1, 1Dy,
L . T D
N, Global navigation s.atelllte D, F, 1 1
system(GNSS) receiver 1 1D
Ny Sound reception system D, F, Z TD,,
Ny Echo sounder D, F & D,
D
N, 3.GHZ / 9GHz RADAR 3 F, I 1D, TD,, TD,.
(included ARPA) D, °
Speed and distance
Ny measuring equipment 12 F, i TDy,
(SDME)
g T D
N, Automatic identification D, F, 1 1
system(AIS) 1; 1D, TD,,
Ny Indicators for rudder angle D, L, 7, 1D,
Indicators for rate of
Ny 1 2 1, 1D,
turn(RoT)
N, Indlcat(')rs for pitch and D, hol T, D,
revolutions(RPM) ’ ’
N5 Indicators for thrust D, F, - -
N, Voyage data recorder D, hal i i
(VDR)
N, Wind indicator ) F T, 7D,
° (Anemometer)
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Table 15 Data Interval and Connection of Navigational Equipment(/V,)

Connection
N, Data interval
In Out
Not defi i .
WA ot defined in Compass card * Auto pilot
P/S
N Not defined in Gvro scope * RADAR + ECDIS * VDR
2 P/S Yro Seop + RoT indi. * Auto pilot
GNSS + Echo Sounder
G .
N, | Nt d; /lsned - RADAR + SDME - AIS - VDR
Gyro * Wind indicator
* VDR * RADAR -+ AIS
N, t 1 1 Ant
4 at feast 1 sec e - ECDIS * Auto pilot
5 at least 3 sec MIC(External) * VDR
6 at least 5 sec Transducer * VDR - ECDIS
Not defined in RADAR scanner * AIS
N, O R + ECDI
7 P/S GNSS * Gyro p— CDIS
Not defined i
N, © ; /lsne - Transducer - RADAR - ECDIS + VDR
D ic info.
N, yiag“"selcn © GPS/VHF Antenna - VDR - RADAR - ECDIS
Not defined i ; .
Ny © ; /1Sne n Steering gear system * VDR * INS * Auto pilot
Not defined i .
Ny © le) /1Sne n Gyro system * Auto pilot * VDR - AIS
Not defi i .
Ny © d; /1Sned n Engine room systems * VDR
Not defi i .
N3 © ; /1Sned n Engine room systems * VDR
. Gyro * GNSS - RADAR
fi
Ny Not d; /1Sned n Echo Sounder * SDME -
Indicators * MIC
t defi i .
Nis Not defined in Wind sensor - ECDIS - INS

P/S
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43 o}71Ex =g A

ol BAAT] FHESRT FL QA BANE J% LTAZH 1]
S ATAGS U W olrleEA Atel MIT e TAMoR 4
A BRTh webd 7 QAsh BAE JBolu Akl AEshe RN w4
g & Qe gl hE Auge T Bas oF
i OA Abeles Aelaa Slow, AW A4S Ak x5l A9 a7
ook A A MIHES BA% Ak At 2F F ol BAAES]
BANA DU AAALE AP, bIAA} 298 OIF 97 A3

pe!

S FA&Y Auge 24o] o Roluth ALY, Mo, 7HEA T EAL
B RARORE Y FANZASPBAM 2T FALHLS PEA A
A7

AL 471wz, & M= FAEA Ayl Fadn
= ZBEE 235t op7|EA RES AAXME 2T

of

G A ~HZREZ] T BES FQ(Priority) NFRoll th3dt QAS 4oz
QAW FoJ3t ol BAAET &4 RES =F3¥oH, 75 27AE T 4|7
S 87ARR e tig BEd AW =5 st s 2y E & (Navigation
monitoring), A1¥2&(Ship control), 54l#2](Communication management), &
3 &hl &2 (Equipment management)®] 47 REZ FASITE Ve QLTAM
% FR 19 mY¥ & Monitoring) 715l FR 29 FARXR(Warning) 7|s& 4 &
AT F JEF FsRYHY ZEE Y FA4stRa, FR 39 A€z (Ship
control) 7]%ol FR 109 & =& (Route management) 7]%5°] AE&E + I=
= dvtzF 28 U3 8 77sS Aot A% =52 FR 59 F
Al#2](Communication management) ~7]so] FR 69 Aol Rk (Cyber
security management)”7} 3Z3tE 4 U= 7lEolH, FgsiAv|dAE] RELS FR 4
9] #F#3KStandardization) 7]1%3 FR 82 sl #n A 5-#e](Equipment quality

management) 7]ls& EFIH. FA=HIHEFL] Fo2 U EEF} T2
(Priority) NFR % 7] @ 7AFKFR)ES 74 #A= Fig. 303 Zth
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Related FR Priority NFR Architecture module

| FR 1 Monitoring function » NFR 1 F\ Navicati
avigation
. ; \ /) monitoring
‘ FR 2 Warning(Alarm) function > NFR5,NFR 25 }/
‘ FR 3 Ship control function ,} NFR 2 F\

™ Ship control

A

‘ FR 4 Standardization function

NFR 3, NFR 11 \

NFR 4, NFR 12
> Communication
management
NFR 14 }/
™~

NFR 22, NFR 26

A 4

‘ FR 5 Communication management function

A

‘ FR 6 Cyber security management function

‘ FR 8 Equipment quality management function

l Equipment
management

NFR 15

h 4

F— b b e e b b e

‘ FR 10 Route management function

Fig. 30 FR and NFR of Navigational System Platform

431 o}719x nE AALA

SIW ob7lEAe] QA AltEleE AFY, A g B, 8% SRS7e
6714 845 HL3te AFT o7 A BE AAAE QA AL
A el F7hetel, 2 ARV BEH R aTEGE F=S F

A ZTASEa, AANS AA] HAAAHE(TactioZtA E&3c}h of7|dx] &

G A2 ERE] AT BBolUs EAZN FalAl, B AzH, e

Foh A 2R SR Eo] =2 o] We] Ylo] HE zoln
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(3) ti’HArtifact)

Aol os Ase e ez, & Ao FeiAx

dn Fagust @ & glom of

(4) 73(Environment)

J{m

A e

o] 261 /\OL A

3 3ol BAoIA wASE, AR A N 2GS
JEIQ1A WA dEle] Mol aTHh

‘r"

(5) -3 =(Response)

A=o] Fefj A 2R Tl EET o] F FH A= FEolv ot

(6) 2% =A(Response measure)

SOl AT u XY At Tog =4 71 U3 A Fholdh

(8) A =(Tactic)

QA AV e FA8A = SHResponse)S Aojst=d FaFS F= AAA
o] AAolti (<, 2012). AAXA = ]6]]-747%?(} QAE ZIHto 2 o7’ EV}
Agstar, o ol EAE & Utk AAAEE e QA 875 @At
71 9138 stue] AAAERE 7Med = 911, oAel e dAdEEE 749
TE Aok B2 S/IW TGN AEE AeSo] AAFHARE o] 29| s Ant
HE o|HEVE AAE 5 9tk Fig. 312 SEI9] 7|22 FHA&4E A4
Ae Adolt.
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(1) Modifiability

Change Made,

Change Taiplis 1 Tested, and
; Control -
Arrives Modifiabilit Deployed Within
y Time and Budget
(2) Testability
Completion Tactics to Faults
of an Control Detected
Increment Testability
(3) Availability
Tactics to
Fault Control OI;'?:{uelt I;/:?ill(sge
Availability P
(4) Performance
: Response
Events lCH g Generated
. Control o
Arrive Within Time
Performance .
Constraints
(5) Security
Tactics to System Detects,
Attack CHIE SEEE Resists, or Recovers
y from Attacks
(6) Usability
User Given
User Tactics to Appropriate
Request Control Usability Feedback and
Assistance

Fig. 31 Tactics of Quality Attribute (Source: Bass, et al, 2013)
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432 QA 7|%F 2§ 47

FAAN 2D ZAE oIEA AL AT ZESS QA AuEle TR
o] s

(1) &3l =Y E| P (Navigation monitoring) =&

Table 16> Navigation monitoring E&°l| #3 AAAFCZ Ao THHA
o} el d e A8 E Remote operator, Ship owner, VIS¢ o]a)&A =7}
AP, ASdoz FojArt. AR QHo] A=o2 TFAQd F3)A
28l Z- 2 2] Navigation monitoring =& AEHH, 1 ST 7 HIAHARE

AEsta ojufo] SAHAINLS 125 873tk AlZtol @ ol AA A=
27] Ak ol ot Belagel A 129 FAaT2 A5
Table 16 Quality Attribute Based Architecture Module Design(NFR 1)
Module name Navigation monitoring

Quality attribute Performance

Related NFR NFR 1. Gather appropriate interval(l sec) navigation information

Source of stimulus Stakeholders(Remote operator, Ship owner, VTS)

Stimulus Navigation information request

Artifact Navigational system platform

Environment Normal condition (Remote control)

Response Navigation information transmission

Response measure 1 sec

Related equipment N, Ny, Ny, Ny, Ny, N;, Ny, Ny, Ny, Ny, Ny, N, Npg

Tactic Maintain multlple copies of data

Manage sampling rate

Gl AR RUH P Heda o olsidA A Feidr FA T wet

FAQT AR 129 AIbE BHATIA XS 5 due e EEke b
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olg] E-AlE(Maintain multiple copies of data)el]l thdt AT ATt
Ao Holg AALo] A 2dEARE FfiH BT} FALE o] o]sfAA A
=9 Aol s MEZQ Flo] obd AL HARE HEITA, ¢
T SANFEKOE T HES Y 7 IEF o =3 fi FoFA Y
dsto g wH3l ©&Fg(Manage sampling rate)= 37322 dlolg ~EH
gHo| EFol # F o HAXAEE YAt BHEEHE IFHAHIES
NFR 3¢ Auel el sdsiA FeiARE A= FHlSolr, SAARS 1
ZE 87522 FH Y= ojBT AAHA golof nt.

Table 17> AZH F=oA 3 g og Qs Hlojuys 43S A -

T ZEMNX2E 873 Navigation monitoring =& A4 A}%LO]E}. A=<
< 9JHo 2 A3 nigoly =R os AT O dFeE Ade AT
2ol A BloAyA sh= A=o] LA, ol dF A¥ge=E SR

%0

Table 17 Quality Attribute Based Architecture Module Design(NFR 5)

Module name Navigation monitoring
Quality attribute Availability
Related NFR NFR 5. Cognitive management process for situations of deviation
Source of stimulus External force
Stimulus Deviation
Artifact Navigational system platform
Environment Strong wind or current affect ship
Response Notice and change course
Response measure Variable
Related equipment N, Ny, Ny, Ny, Ny, N5
Tactic Exceptions(Fault detection)
Exception handling(Fault Recovery)

Aol ta dAdEe 718N S F e, JHEA QAR TS
Aot 7 QA AdET Wit AAdES a7k Wil AgdETE
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22 AAsE U3y Atede olsBAA F AAE o] FA EI. o
Avbel 2o tE A HES NFR 39 Alvheesh o] o9 @ae] tg 23
3 AgE Agetcr o) Z(Deviation) RUEH] #HFHE FgnlE N,
Ny Nyo Ny Ny, N0l

AEEE, 3| Afe] Bzt o] Foj ok &tH, 9

= heAol t@ mE AAolT. 2
ol sigehi Auke] 919 gol u@ BrE 1 71Fe] vhaH e glefok 3

o, o]E AEstY 92 AXET 9o UF HAS FARE dEL 2
Ay A ge dFel e g Aude HAG 44 2o Al
t Zolth #E FelgulE AW AR AR ATt e N, N, N,

Table 18 Quality Attribute Based Architecture Module Design(NFR 25)

Module name Navigation monitoring
Quality attribute Availability
Related NFR NFR 25. Vessel hazard identification and management company report
Source of stimulus Navigational equipment
Stimulus Hazard identification
Artifact Navigational system platform
Environment All conditions
Response Report the appropriate party
Response measure 5 sec
Related equipment Ny, Ny, N, Ny, Ny
Tactic Ez2Zigzisiiﬂltindge(tlizslinl){ecovery)
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(2) A1¥}=3(Ship control) =&

Table 19= NFR 2o t]g} Ship control & AAAIGSZ 7|5 SFAMY =
AukA|o}] 71%5(FR 3, Ship controDell AI7Hd F4 84 & ov|gic) AlojH & <
A& ISCCe] Remote operatore]™, A<oly 2ol thdk WA o] A=
o sigdtt e FMALREREL] T4 Ax"l F AAole JE
T #HHY, AN2HY AP 87HE SHSE |
A g 872 0.25%7F 879 AAAES Aoy Ee] & S
(Intermediary)& AX A 1 F2 HAZUE Z= Aulo dE

2 oW = ZHA(Reduce computational overhead) ®o+S zjestdtt. F/HA
]_

B AAE FAL A Aol Bolum AYL o]8dtE Aol F7h HA
W35 AzEe) WAl £ goidE fold Aol Ytk Ao W
2 dstel A gho] BAE FMAN N, Ny, Ny, Ny, NI #HEEH

g AH) =9 Data interval® 5Y3tA 8FH )

Table 19 Quality Attribute Based Architecture Module Design(NFR 2)

Module name Ship control
Quality attribute Performance
Related NFR NFR 2. Real time course & speed control
Source of stimulus ISCC remote operator
Stimulus Input course & speed
Artifact Navigational system platform
Environment Normal condition (Remote control)
Response Change course & speed
Response measure Minimum 0.25 sec
Related equipment Ny, Nyg, Ny, Npg, Ny
Tactic Reduce computational overhead

Table 20 Aute] 2AA7l WAHAL W, e A= gyl Jge
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TA @1 BHA WA mE ARSI MIEHES st WA &olAd o
g 2y At #HEE A= ECDIS(V)E 7D, TD,, TD,9 A4FA
Ho| ¥ = F & FAEA Y 5HA WA st ARMYFL 5x o
el #2440 a5 zdsta, A FEAEY FRAYA Qo] B A|2H o]
U 2EHY] A¥AL 2EE F dve A Ago] Fasith

A=Al Operator®] HA=] WAL A=o] Hol BAAE toll4] At =2
AE AEAL ZEg HIHEE Ioh A AAAES HAGG] N5
(Localize modifications)Z dafiAlg #el= EFH EEA TRHESE SHZ U

T4 aFH

Table 20 Quality Attribute Based Architecture Module Design(NFR 15)

Module name Ship control

Quality attribute Modifiability

NFR 15. When changing ship destination, the information is

Rel . . .
clated NFR reflected without affecting other equipment system

Source of stimulus Operator

Stimulus Change of destination

Artifact Navigational system platform
Environment Normal condition (Remote control)
Response Reflect destination change
Response measure 5 sec

Related equipment Ny

Tactic Localize modifications

=

(3) B4l#](Communication management) =&

Table 218 B4 Ao #& Ao LTE 529 54 £52 A0S

AEo] g olof @Atk LTE 54 E£ZS 100Mbpse] 3133
_]

=
50Mbpse] 4 I ATLEES Holn Aute] GHYR} F4B AuEe 1
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8% dolg A 98 aTHt AFAL AgelAe] FABHI, o
el SEAste] AFdo] WANTY, FHALASAE] Filvel
gt el AR Aol B4 S AR 4 g
Aol ¢yl Basith $we Z4712E LTE FAl°

_;:_]‘:_
FFPA S5 270 AAE AR deze Adad gdedA Tt

Table 21 Quality Attribute Based Architecture Module Design(NFR 4)

Module name Communication management
Quality attribute Performance
Related NFR NFR 4. LTE(4G) level connectivity
Source of stimulus Environment of communication
Stimulus Degraded communication speed
Artifact Navigational system platform
Environment Ship to shore Navigation system platform online
Response Change communication level
Response measure Dov'vnlink speed = 100Mbps(Max)

Uplink speed = 50Mbps(Max)

Related equipment Unspecified equipment
Tactic Increase available resources

Table 22& 3% 7hell thgk QAolw, W7 o]l
gk Aot dAlE &5 Ae@dAdE A AFste dHeoly &3
S7H7F =, dEA
Aot dol @2 HlEd AZte] a7 En o AAES ol
A AR lA Fdstar, A vlolg e Frtel wel @ WA

S e FANZASAE FAo] aTA

ﬂllﬂ
Lo
n)
o
Ay}
[
N
1o
ol\

S~
L
it
rlo
9,
il
f
=
i)
[
1©
[y m\n
iy 2
:|:1
—
2
O
ol
a)
i
=
2

o

AAREAA NFR 12¢] FAEH Ayge] el 2ol F7hA AHES A e sksd
o SRS AREA S o] ZEAZ AlREH ™, NFR 120 tigh S A
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=

KeN
| .

i

olf TNt FZ ot 55H AL 74 AFAE dHoly W%

< 53 F/ss 233 75 2@ MVC(Model-View-Control) 3818 AR-g&3t},
T FALEHAL AFARY FALH dF AR AAR= T8 Fa A
= AoskA F=Th
Table 22 Quality Attribute Based Architecture Module Design(NFR 12)
Module name Communication management
Quality attribute Modifiability
Related NFR NFR 12. Problems with transmission of new equipment(increased data)
Source of stimulus Navigational equipment
Stimulus Increase in usage data size
Artifact Navigational system platform
Environment Design and development phase
Response Make changes without affecting other function
Response measure Must not affect other systems
Related equipment Unspecified equipment
Tactic Use an intermediary

Table 23> NFR 14¢] t]3 Communication management =& AAAIG O Z,
QA #4374 olA NFR 149 W82 277F A HAG. Aol 34 iz o
S XF S v7ls QTR ER FAF o)A ot A HIEe TE
o] sttt wetA wWIRIZEAS] HTOZRE HlolEy AR|27F o] &EHA] ¢
ofof ka1, BIRAZEAS] HEE 100% A EojoF ke QARG O E WA

CAEEE HIIZEA, AS2 HIRIZEAY] e A 2~'lE S E AHl 2y H ol
AFY] AMHlzet Holy, T8 B4

O oge FAASABAE Anl s

g =
7Iee AASAY. ol w2l AAXRES T4 X9 AWl Ae=
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Table 23 Quality Attribute Based Architecture Module Design(NFR 14)

Module name Communication management
Quality attribute Security
Related NFR NFR 14. Security standards needed against cyber attacks
Source of stimulus Unauthenticated user
Stimulus Manipulation of data or services
Artifact All of Navigation system platform data and services
Environment Ship to shore Navigational system platform systems online
Response Unmanaged data or services
Response measure 100% detection of unintended access
Related equipment Unspecified equipment
Intrusion Detection(Detecting attacks)
Tactic Authenticate users(Resisting attacks)
Inform actors(React to attack)

(4) sl #e](Equipment management) &&

Table 24+ dlolE ®FEstol] e Ze=E, AWI FAHL = FYHE= 74
S g gnlEo] EF U BFY EAIHY TZEZ S EFES ok
atm, ®FEol AASA &2 AF ol FAHsIA HAFde VA E 879
ATk AFLLe g ArlolH, AFo ®Fo WA = AT HolEY AE
olt}. o]F & TF3E @dst= Equipment management =E-S AAAH 3
7 stollA A xF HRE WIS, old QFFHE AE $EL 1=
£ AAEAH. 78 Aldele g FAsIR e AA Hee AdEA e o
of 2] (Exceptions)7} A A], = 2](Exception handling)7} o] Fo]&jof gt} o9

=
=
o g e A 7HA ol AT, Al=Ele] HX o &

A3k WA, B2E §ol4d dHAM FAAsth mEkA oA o9

rlo
G
rlr
N
ofo
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S Y ANEZ SIADT N, N, N, N, Ny N, Ny, Ny, Ny, My,
N, Ny, N.o EloJHE WASAY Fasts g8 guSo] giE B
, Dol d)3= = ECDIS? VDR A 2)a4th

Table 24 Quality Attribute Based Architecture Module Design(NFR 3)

Module name Equipment management
Quality attribute Availability
Related NFR NFR 3. Standardize input/output information of all navigation equipment
Source of stimulus Navigation equipment
Stimulus Information from different standards
Artifact o
rac Navigational system platform
Environment Normal condition
Response Standardized information
Response measure 1 sec

Related equipment N, Ny, Ny, Ny, Ny, Np, Ny, Ny, Nyg, Ny, Npy, Npg, Nig

Exceptions(Fault detection)

Tacti . .
actie Exception handling(Fault recovery)

o2 2%l th. Equipment management =& AAXE T FT/HA AF&(Use

an intermediary)< HE3SIAHS. T8 FHLTE OE A=®H thd FIFo]
A3 HE2 A piEolor stEE, WA FYE WAt A Ao
AezA SNAE AHEIH. SR AHES 23 (Coupling)e] A=5 4
ANAA o]Fe Bad WAl dAsH s HHE EEd v e T o4
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H8S =9 F Atk =23 FF FUHER s WAS agste MAEY
o] 29 3HLocalize modifications)= L& 3dle] AEHE= WAo] AAHE W =
g3 ol QEHol A Fte RERZ Ao A Aulo Fr7 AA A 2EH

o WAl £ 8T 2otof k.

Table 25 Quality Attribute Based Architecture Module Design(NFR 11)

Module name Equipment management
Quality attribute Modifiability
Related NFR NFR 11. Standardize all equipment manufacturer interfaces
Source of stimulus Navigational equipment
Stimulus Interface standardization requirements
Artifact Navigational system platform
Environment Design and development phase
Response Make changes without affecting other function
Response measure Must not affect other systems
Related equipment All equipment

. Use an intermedi

Tactic Localize modiﬁcaif(}),ns

Table 26 Al2®lol| thdt FejEAle} o] Hastal, FFafjA=vlEHE
AF Ao BlE AL a7sla glon, H2E §o4& QAR da Itk &
Al ~E"lZE Equipment management EE|A HAE QS AYsiar, H

2E 240 AFe Fa A FANSASAE 2 Alwloﬂ AAAN} &

FoE ZYHojof gt 7)o o AE olBAAELS SESE 8T
StATH HAE g0l H&oA FdI AEFHNAE —‘?‘—FJ(Separate interface
from implementation)sl= Y&8 A& T Y3 HZEE 93] AgH o]}

FHE RS Aol Axd
AoE agsich HAYS 3
7 shgEn.

AAe] ABAEE flal v H2EV 28
H =

G 2" ZHFo] dA2HE EE A
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Table 26 Quality Attribute Based Architecture Module Design(NFR 22)

Module name Equipment management
Quality attribute Testability
Related NFR NFR 22. Secure system reliability
Source of stimulus Navigational system platform
Stimulus Test request
Artifact Navigational system platform(Complete system)
Environment All conditions
Response Test result
Response measure 5 min.
Related equipment All equipment
Tactic Separate interface from implementation

AE 7159 F- Ui AR, 7F84 QA sdHE. &3
F AsdelH, A59 3 AR F
(Omission), ZE(Crash), $<HA 7t @ F(Error of timing), F3HNo response)

s ok Aul A gHFaulel o

Attt F7HH o2 o] e HAARTE ol 1A AuHle HHEE AF3
= 7 v 22 A¥7E Aod dig AREREY AR FAE 5o [
2 Ae a7 xFsiAvh ARG R AHY oFE Fdstr] fg AW
A3 (Heartbeat)7}t 71802 HEHI AH SHAITRE oS st WH
= st 28y AR 7)sd 540l tefeRE JEA AHEAS
o] &9 FEAH HZE WS FU7HHQ 18yt asith. ddE= el

= AAE ez I
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Table 27 Quality Attribute Based Architecture Module Design(NFR 26)

Module name Equipment management
Quality attribute Auvailability
Related NFR NFR 26. Provides information on abnormal conditions
Source of stimulus Internal of Navigational system platform, Navigational equipment
Stimulus Fault of navigation data
Artifact Navigational equipment
Environment All conditions
Response Notify the appropriate party and change to secondary equipment
Response measure 1 min.
Related equipment All equipment
Tactic Heartbeat(Fault detection)

H71s &TARES BEE A 7AH8LEE At of7|"A o] Hadt

B3 QAR TASt] WAl WA + Uk olEA mE A Hx
@ AAREES SW olFIEA AuelA o gAY EoA PHES A8
stk ol BAATE] SIW opE Mt Aol B o7t EL4H P

ol71Ex mE AA 7Fssih
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A5 F FAANEHERF oM7IEAH AL B BT

51 A 2RIEAE o719 x L

1A AT BE LTARE JROR SW oA A A o) gste HH
B 2EAe S8 FALY BUF oA E LS ABD Fx
Aol ol Aot WA ol7leH o)A FxF HUE WARE L welas

¢

F

511 o}7 184 e

oHF A ALelA sdo] aFHE BAYG Mol Wad FAaTE A
A9 W, olFlHEE AR WY FTRTh FAS ZAE D ATA

AAE PHS HLEIHHAN 5, 2015). Fxshe Wl Hd] FUT of

Ej,
PR A
el e s o MAE TAE 4 o] A oA ABEE a
st TAY & Atk ol HA WHe AgSY, BE Azwe] wesst 7}
sola, AEFAeE BAHY) WEe] Axdd dd olsBAASe olalE
¥ 5 Aok 4ol AAE olrlEH BE HAdE MARNEES LFsa
slom, HAAEEL st PO oA vﬂﬁ_—% ol g3te] EABTH

(D) Al=3KLayered)

AZz3s Pee fE A2ES G9UninE B&sts geolth sfel A g9
Aol A AR A9 AT SIWE kAT 1+ EEl= WEsioF s, A&

wn
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of We el Utk AZel TEH WMAolY F4o e A5 BE
AzEe] AART A% AFe $4% aTHE AHE AW, 2 AS
o o3) ol FaY & = BHE Utk A AFS mEY YW AYS
omsta, AF ke WAL ASBAS AR FAF oA o]

b QoA ¢k "tk BES WA AZFOE 2L FAHEL M 5 Yo
=
=

o, FAN=REZFREFL] 4 Ts BESS Yo|=

(3) &-frdlo]E{(Shared data)

NzHe] G BB A HolEd ta z3st N80 )5S FYsE A5
SHolE AFas FohE, dolE mwaw AN %o] st AEUE

HolE Azt HolEd tF HoAz TERHT oS o

2 29 93 BYT H2ASL HNE BAA 2T ZHuol
2 A0 F3 olFoAn, dxe] FAA 5e FTHEEH A
#30. NFR 113+ NFR 126] of& =% AA6)A AAA%=2 Holg
o a7sgon, By 7 Ao A BA A L eloE A
95 ok7lE A Aol Fzaked e,

[e)

orlr o

N o

ot Ho
b T

N

=

i)
2
ol

oo b
= 32
N
N
ofr
¢

4
r
Bic)
)
o
ftlo

(4) A+&A A (Client server) &l

SIWHOS 2 HAIXUEV} & HIUE MH2E 8HFOEZHN Fs283)
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W edolt}. AFEAKClient)7} MBl2=E 8A3HHE, AW (Server)7t AuI2E A
st 24 Requesh) ¥ SHReply)e] 42 ¥ OlE‘r 233 &5 W] ¥

, o8 HEAEC] A dlolE st Bl & Agsh= o &g Aol
sty A ="ERHEFS] 7w TollA A e oy 233 &gl A

&4 v e nEsg.

@ o
pL
R
—“ &
L o
X

(5) Fo] E y]oj(Peer to peer) &
ol & o] HHe 7+ HEXUEE Ioj(Peenzt F =211, 7} doj= &

S

AezA T2 dojo] Aulz 4R AL, AWEA 2 Hod Hulxs
ATE 4 Atk @A Aol FaAElE 3+ AAFEI} Ho) T Fojz B 5
AL, 7t A S0l FEF YA HolH YRE wasie AsA g
dglolth. Hol8 Hel7t WA o]Fojd 4 Y, FETFEI ok F5 o]
So] 4B FYsmE =4 Ay AXIE Fojo] ol §olsAW, &
AN=RBRES 55 72 AW 3 FARD J% RES Ed JRE 3
gt e AHAE AFII A BHL HAL Yof, AF AA FEo

5.1.2 fF2A 0]~ o}7|EA

GAANZDEAE ol7lE A Y AFEL 2FAG BALS Foto] 44H
JAEH BE HAE JMoR, A4E FASA te BAAET o EH
AEe Bal opldA HE AAHL J5AA BES T Ax
@, 715 LTAR, WS aTA, FASA 5 499 2 B
o] REE Rilste] HAE AWHAL, F4Y FANSPTAEL oA
M2 GAS AT AAHE oL SR, BelA, FARS FIA, )
WA, Z2ade 5o ok oldlBAAES A% oY BPoR AYHAL,
B ATE ASAES 4775 WIS FALTI ARl NIHES 3
o] BAolme, ASR BHS FHOR oIEAE AUsth 2ol

QR =} % =
25 AR BHCAA o E Y F A= oHIHAEMN, AR E

po)
i
Lo
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e s olEA Bk AFNAE o] &3 & itk ES frdlel
2 ol AE 9% e (ActoDt Q45 G AR EAES] V5 HRs

a, AR, AAAL AEA B B 2EHE ek ol BAIAES #% Aot

(D) FAANZHEDE A8

freAolz~ F4e 8l 7Isd FAHEE AR 5SS 7T QAW Y
ol #AA LFH FAFSH, Aol =T RUEYE S& F3s= 1SCCo
Remote operator, 717] o]’doly} A& ©osh= ISCC Technician, Y& 49}
o] AKX Fle] HQ 3 Port authority, Auk&3e] ] Shipping company, 4
AR wEH Ao wel FHe] Other ship7hA| &sA| 28] ZHE 9
AbEol a7E T ZF AFEARSo] B Q3 sl b Ea, At 2FH o)
AN BEE TeES U5 AREAVE BYHA Fotok stal, HIAHT A

W RE= AREASA FSdAg da e 7+d
dol AstEo], ZHEF ALRA IdFS F7

¢

[
of JZ

oo N

ol
==

_

) fr2Alel~ o7’ A Jdt

FraAlol 2 opF|8 A= AR 75 #AE RIHEE, Q
A 4719 RES 7Fo2 AEEFTh 4] BE U 75T AEY v
LAY AR VI ES 2P, AHEAR 3 fFAolxE dAHE)
Fig. 32¢} #Zo] Wdd FfA~RZSHE F2Alol2 opFEAH= AHEAE &
Tahe 71550 Aoz AAEMW, ISCCe Remote operators &8 Al 28l =2

1 BT AEAE AoET. fedAols of

NAAE B3l FAN2DFAEY AA FHANA, 2 AHEAT B} DL
JREL AT & glow, V155 e AR YL 24 Ao ol g8
o
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Navigational system platform

FR 3 Ship control

Change course / spee@
[FR0] _ Routemanagement |XEN

Navigation monitoring
~ Port

\ning(AIarm) RNt NFR5 || NFR 25 authority
\<Ship monitoring

Communication management

ISCC
Remote
operator

Authenticate actor

B Other ship
B Unauthorized access notification
I~
1SCC Communication status
Technician \
| FR8 | Equipment management Shipping
\ company

Equipment status monitoring Jlgi#¥ | NFR 26

Equipment standardization L] |NFR11

Fig. 32 Usecase Architecture for Navigational System Platform
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Ny
Navigation monitoring Navigational system platform N,
Platform 1 | | [ Ship monitoring | le— Ne
display Ng
[ Warning | B ¥
1 Y1 10
Equipment management N1
N
¥ 12
Communication management [__Equipment status monitoring | Ni3
Satellite_ [ Authenticate actor | [ Equipment standardization | - Nis
communi . ™
-cation I Unauthorized access notification | | Power management \ m
[ Communication status | [ Time sync. | — D2 N4
9
| Digitalization \
Ns
Ship Control — D3 N,
Platform > I Change course / speed | —
controller
I Route management I D N3
L4 D, |
| Nis
v

Actuators(Engine/Rudder)

Fig. 33 Arrangement of Functional Modules of Navigational System Platform

Q) A =RSEF v A o7 ElA
7l EE WAE 7IRte s AW A2 FejAE 5o dF2e Fig. 349k &
| 2" ERE wijA] o7 =2 2 skt QAW A

A W7 8 7ARE @ EAISES] ol7| " A i

Z‘
AAAES FAT Aok A8 R} AAE FeA"HERNE FAHRY =
S FAo2 3ajdo]El(Navigation data)e} 418} =9 #H(Control order)2]
AG FAEE AT & Aok AEE 29 39 LA E Ad 2FTHEHS
4EA1E B3 ISCCEHE F2sts A2 15 A& f8 A $43=
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U
Z2Z+8 4~ 9= E Platform controlleroll A 9] AA| HAZE x5t Q)
% =

grldE] el FejRulERel d2s T8 s volH
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8% mEolu Az Hadn dvtzd: =
HHE FAlste] EFZHRudder angle)d MXARES 9k 25 7-*](Actuator)o
Aggint. JNdE A ob7|dAHE Fall FA~EENEY] 4 mEd V5
Mo g AAE SRE ZAA 2 Fe7E 7t ST
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Fig. 34 Deployment Architecture of Navigational System Platform
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5.2 ATAM o}718| % %7}

FFNEH Frhs opAEA HAG AL F dE Axde AFL AL )
83 AZoE ANT 5 Y P AAHelm ETAHA Yol tHa P
2005). 3N A2DEAE ob7 Aol e Brhs
A ARG e A B
3 ApAeRe A Este] of7lEl

oF7IE A H7PYH B7F Ao, HIF tid, B7F Al wek o v
WEol AAT, B4 AAE BR ol AL AR HAZAR o
AE Hrbske ATAMS A &3t & d79 FeiA2"bZUF ogA =
Ea) ol BANEY % LTARH HS AT QAR =3
ES AAS T, o 7HAHE AP onz, QA 7|Hke] ATAM H71E
5 A AR 9 obrdAe] HPAE BE & otk QAW 3
% ol #AAEY TFEHAS BIHAEE T 33}@1 & H/\]’\Eﬂga}i%

oIl Ao) O WIS AA SR, ATAM B7bag ©

5.2.1 ATAM H7}A ¥

ATAMo A= o}718 % A W (Architectural approach) #4, Ay B
A 2~E"(Scenario brainstorming), e 2lE Eg(Utlity tree) 24 A8 &
2 A%t} Table 283 7o) 49Al(Phase)e] ATAM %7134 o] UulkA o]t

[

Phase 1 Presentationo]al, #rejsl= o}7|€lx] HrlatEoAl ATAM 37}
Aol Iy Axa, #dAr|E, 8784 H o7|EA AAitEE Tol tiste] A9
ot i Al2EHe] #Estd = A=Y B, Vs 8 T7AY 2 FEEA
ST, A Z=EY Aok ARICUIEZ, B3R, AAF) I8 d-bEHE T8
ojsf FA Al T3k &S] ZFHT

Phase 2+ Investigation & Analysis ©Alo] ™, o}F|H|E= o}l7|H X HIIAE
ANA ML o}F|HAHE ol = JEF HEH} JFIHHA A =2
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FAsHol g WIHYEA AR o] F o}7lElA ﬁéﬂx}%ﬂ e
Ex 502 4UdH EY 44 T /P 2% QAst FASH AU
©F Asa, $HEAT Be FAEPY AUELE /WO oplYA 4
ATt AARES BT

Table 28 General Phases of Architecture Tradeoff Analysis Method

Progress of ATAM Analysis details

Present the ATAM

Phase 1 Presentation Present the business drivers

Present the architecture

Identify the architectural approaches

Phase 2 Investigation & Analysis Generate the quality attribute utility tree

Analyze the architectural approaches

Brainstorm and prioritize scenarios

Phase 3 Testing
Analyze the architectural approaches

Phase 4 Reporting Present the results

rd

Phase 32 Testingolal, 7| Alz=dlo] #dE EE olsfdA A7 Al
3 a7A S AuEl s Adsta, B o HoE Ay ed JtEA
E Fosted Ay fAEHE AAY ST FoAE Ade s
Phase 29| fEelg Es}t vlusta] F8 FAEA] AFA =2HAEA

ofstal =43

%)

Phase 4= ATAM H7HE4 23S #3sh= Reportingeld, 235 nigto g
HA o ol7|ElAHE AL, FEEE AUy FH FHE e AA
gtk HEAQ Hr AREe ol EA HIWH, FEEEH E, AdE F4E
&4 ANygle Fo] igHE.

AFHAZR FAEE ATAMES dAHS ol &Estd AAstH, A WA= o}7] 8 A
7 A&l Phase 13 29| afi@ste A o7l 8l Ao tigh o]s] e} o}7| 8l &

= O

NeAE sAR oEAE FHOR opHAe] U HuE BE D 2
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Ast, of7|al A& wotstal &4 st
A LB TE F, olBAAES Y E Phase 3

of EHTAE WkE F3stal, o7|g ] HIEAE Aol
o= o718l ol BAA T4 SR HA

)z HESA X3 AU s AHE I HF
AzES TG AASHA HH F AR dAgo]
ZAE T "k I3l ATAM &2 o}
el BrrArel ols dAIAFe &A% Bt A l—roiﬁ AR A %é’: Qs
o] 875E FAHCl Aok wEkA NTEA T ol HAAEY QA s
ATAM®] Rl&gidzatel 74 WS o7|dEVL FA4ste] AAE = gloH
(Clements, et al., 2002), IA2EZHAE ML EFHS vtgste] o33 2o

B TS BAY B axg Agach

M B 74

ATAM®] o}718]x % 7}xHEvaluation team) 742 7%k Hof 9 =3
"o oJs =7t & H4A 2% oY HAEvtER BHUME Y + Ao &
A2 EAE ol 71E A HIrE QAW FHAst ols|AAAEY FEHA &
8o HrtAER FASt st ob7EA 2E AA A v
SFAG ] e FeEe 73A FAEHE vHlwstr] Hal ol AAA
A3 FLsHA TSR

o r1r

() H7} #73

B AFoA ATAM #42 olit® ¥ F, Phase 13 29| 3 dALS FYst
8Pstay F HA I F Phase 32 Aty Ayl BHIYEHEZE Fig. 35
9} Zo] HrIE AAFIYT) Phase 39 A3 A7t AH AL oUW, AF
Ex o we} &34, ol BAAAEY] 8FF MIEI] WSt A QAW
E A8 AAEAT QAW AHE A gt /M of7|EA HrlolBngE, Fd
g S vhEStE Zola Az & FUh7F EAETh ATAMO] A S 1

=

- 1156 —

Collection @ kmou



A By e
b ETL 4

’

AW 2]

4 ool AN HAgZ QA3 ATAMS] EAH
JE FALEAIY AL Bt} tofsta FAHQ

=7o] qth.

g

Presentation

Investigation & Analysis
(Utility tree &

=

Schedule 2

Testing
. (Prioritize scenarios & :

E AAE Ve e oY g Hriste
Schedule 1
oY ......... ATAM ..........
ATAM Phase 2 v
Phase 1 ase |:> Phase 3

(Present the architecture)

Analyze module design/
QA scenarios)

X

Architect

f

X

Evaluation team

: Architectural approaches):

Stakeholders

Result of QAW

2

S A

oF7IE A E Hrhstar Adsr] 918 Phase 3
A3E Phase 1o Bt Al 233t

2= ;<4

M3&)a,

S

ATAM
Phase 4

Reporting
(Present the results)

X

Evaluation team

Fig. 35 Modified Progress of Architecture Tradeoff Analysis Method

Q) #H7} 84

2HERE o7 A ] ATAM H7t8 4
&3t P & ATAM«I ob7IE A H7ta

a3l o}7] = A ‘?}E/\] Hld g ojof 3=
i, BE *;171191 W7 o] %7}% 3

B7F 2 QAWlA =

L3 B 27AR AAE olEBAAER fz%fﬂom. AFEA 2 &3
A AR e BAA =Esha, WA a7 HA o, 12
T8 QAEE 47 =E AAld wgEo] Y] wEolth
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522 frEdE Eg

Phase 2] W7kl $9eE Eg 4L, of7lgAo B4 QAE 4
Weha, BE AA B/ 2 olrlgA wrge]l Wad tde FASE Aol
Aol gtk A4E FLYH Eelo F& QAﬂ ol e Ao s WA
UgtiE wE A £l Basty, 1 ARE opE A6 Hgste] A

@ H, 2 A

of 3ttt frREE Eg9 Hrt AL FAEAH AUEE HE

god ity $AHAEHAE Fdsta ol #FEUE Efz gt WA
FAEA Al HEE QAWY AAES &S HZls 87
(Priority NFR)ol| th3t o}71€lx] & HAAANE tho g AA ST

ko

ol AA A=l AAHZ e BIZIE L7AE iRk QAE, A%
(Performance) QA 371, E.<HSecurity) QA 171, 7}F-&/d(Availability) QA 47},
2E 89| *é(Testabﬂity) QA 178, W7 -&o]lAModifiability) QA 3= 7843}
HEE op7|gx 2E AAV 7P BT Taxet 7 tig HrbAay
+ QAW #ABolA &/ A FLshA 1-3& LES), 46 ME3D, 79+

HEHE Yetddd. ojsjaAAEY +Aes A= 12719 vi7ls a7
Argro]l R ob7|ElA Fidke] A& EHojof st= Ao AAFHIIoY, HIIAE
< Taxe 7394 T HESE =233= v7ls 87432 NFR 1, NFR 2,
NFR 4, NFR 11, NFR 14, NFR 2622 H7}stdth. H7E3 A5 QA 37, B
¢F QA N, 7F&A QA 1/, ®iZAEold QA = Aed #dd opdA =
' AAV 7HE BTk
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Table 29 Comparison of Priority NFR of Stakeholders and Evaluation Team

Related Priority Quality Stakeholders Evaluation Team
Module NFR attribute Importance | Feasibility | Importance | Feasibility
NFR 1 | Performance 7.6 (H) 6.6 (H) 7.5 (H) 58 (M)
Navigation e
monitoring NFR 5 | Availability 79 (H) 59 VM) 5.8 (M) 57 (M)
NFR 25 | Availability 63 (H) 43 (M) 5.6 (M) 5.1 (M)
NFR 2 | Performance 74 (H) 7.8 (H) 7.6 (H) 59 M)
Ship control
NFR 15 | Modifiability 63 (H) 5.1 (M) 52 (M) 29 (L)
Communi NFR 4 | Performance 6.5 (H) 8.1 (H) 6.8 (H) 8.0 (H)
-cation NFR 12 | Modifiability 64 (H) 54 (M) 5.9 M) 5.6 (M)
management | kR 14 | Security 7.6 (H) 74 (H) 7.9 (H) 59 (M)
NFR 3 | Availability 7.3 (H) 7.1 (H) 5.9 M) 58 (M)
Equipment | NFR 11 | Modifiability 6.1 (H) 6.5 (H) 6.5 (H) 64 (H)
management | NFR 22 | Testability 7.0 (H) 6.8 (H) 5.8 M) 59 (M)
NFR 26 | Availability 63 (H) 5.5 M) 6.9 (H) 58 M)

@ w2y Ef 44

5 QA wel QA¥E BEFsia
2 B s @Al ddEn 2wl 2T Agd b BhEe)
TAAZ g HrhA 34% 75 AAAET 87 Tr%FJE] Ege =
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Fig. 36 Utility Tree for Navigation System Platform
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B7b dig 129 wole LA F S
QA& NFR 49} NFR 119 digh Aot Hrid fe
5, NFR 12, NFR 15, NFR 22, NFR 25+ =859 F3A
7} E202 HrtEA @ol g AAY A B oS ofY e

9 FFol A @i A oFIEA AANA A AU FAEE
ojustE AL ofym, ATAMS B3 O HE3] sfof st a7 A ¢4
A1 ML HeAds AEsy] S8 fEEE Egrt Hasin

° fo

-

o
ox

ko

o
i

o

1o

X

X

e}
—|—‘l\l

523 o719 9 =E 44 H7}

wE AAel A BAE Bd TAasd U@ $Aol oFoAE AL
SIW ob7lEl A ol AE AAZ REDTY. §YUE Eeldld $HEAT} &
A HbE mE M F 715 Ave BEs ANSH e THRASS

H7ts Foll ABASAT. BE AAAS WE&ERE oy}, FAo]2et wijA|
ob7|g X 4 daAds 7 HrIgit. ob7|g A RE AAEE AEHE
o] A= A9 AR @S B A, AFadH FE A
3k t-2ets EdiE WA Sensitivity)Z ¥ 2 4Risk) 2 EFol=Q

(Tradeoff)S 21 ¥ 3}t

u

127} =5 2AA T A B ES FE8E EgdA F8E = 7F
o $XEI) B QAEE Performanceel= 1% tA9] &) HH 3
$1% NFR 13 HAZF H=Ze &% Alojo] tigk NFR 2, LTE(Long-Term
Evolution) &9 541 AZAA 9 NFR 47} #H7} tiatolt}. Securityol]l = Alo]H
FASZRE HQF 7|E oA ofsk NFR 147} )1, Availabilityoll= 7171
AT R S ol A thd AKX AFe] NFR 26, Modifiabilityol = =&
Znl A zAF QlEFH o]~ EESte] tidk NFR 11o] H7} tj’doltt. ZF QA
O3k 25 AAE tad 2ol A B 2 A5 AT

l

032

i

(1) Performance =& AA 7}

Table 302 NFR 1¢] 3R ZUHH ZEg9 F2

rJ
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B0l AL 1xuin} o] Fojxok 3t} thde FAHY EE s ZUFE
@ (Navigation monitoring) =&, 3374182 (Equipment management) =& 1
I @A N, N, N N Ny N Ny Ny N M N, N, Njgolth
o] AHlE2 AAY CHEIUYE Sl AERE AAY FH FAlste e =
EE AFsty] wEod AA dgom JdHAHQ HolH XZEHo] JMEdEE
Manage sampling rate7} 2= At e de] a0l 282 Ado|Ant 57
U] S Data intervale] 1&zvlth o] Fojx|a YA ¢ro} HIZFH o=
sttt A8 4R AT oy 2EHS AT W ARI ¢ &2 Aztvt
e
ES

O AEEE= Ad-5olle dHoly &4do] dyd

2

¢

ob7IElAH Aol Qg ARFo®, AR o]Fo] FajFnide] RENA
A EUEY ZEs AX TAHY REE dEEt. AR A2H
(Restrict communication path)eted F+A338tHA, £5 P47 4F HE
= Z9E B9E AL & Ao FeA R dd a4 A ob7|EA
oAl TA thHo=w FIRYUEHTY EEFH HAutxF =&, VDRI ECDISAA
st 4= 9t} o] ¢ HlolE BARE §$-x|(Maintain multiple copies of data)
S Tl o=l 23] —“ﬁr’—éllq.od tlolgell Hdke Aol otdet AHRS o] &3
o87A FES Y F Atk HolE FAMHE FA9 WIFHoE HHY JdAA
FAE A% 5718 o] S22 a7HM, ZHE W Holguo]~E o] &3t
o9, Fefjgnide] L8 FAR olsS tlolEHo] 2o TGdd FEE A

>

o S1: &afjAn] AAEe] dolel APAL FE 7HeA

g

° 52 : AHO A FAE A} T3 WH

e R1 : tlojy &4 Ao thgk Tradeoff ie]
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Table 30 Evaluation Result of Architecture Module Design(NFR 1)

Items Evaluation Result
Module Navigation monitoring
Related NFR NFR 1. Gather appropriate interval(l sec) navigation information
Quality attribute Performance
Source of stimulus Stakeholders(Remote operator, Ship owner, VTS)
Stimulus Navigation information request
Artifact Navigational system platform

- Communication management module
Refined 1 - Navigation monitoring module
- Equipment management module

Environment Normal condition(Remote control)
Refined 2 - Onboard monitoring

Response Navigation information transmission
Response measure 1 sec

- Excess satisfaction : 0.25 sec
Refined 3 - Satisfaction : 1 sec
- Dissatisfaction : 5 sec

Related equipment N, Ny, Ny, N;, Ny, N, Ny, Ny, Ny, Ny, Ny, Nps, Ny

Tactic Sensitivity Risk Tradeoff

Manage

. S1 R1 -
sampling rate

Maintain multiple

. S2 - -
copies of data
Refined 4
Restrict communication path
- 122 -
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Table 318 Performance QA %, NFR 20| tfj3t Mutx=x 2E HA < AA 9
HrrAd otk A HA FAAES A=l thg Ao = ISCC operatori#yt of
Uzt EAA9e 25 435 Ayl oo x3ste] A=5d93 A5 Atole] AA

222 FAA AR Belath AFol s Koz 2y
= o

o

5 EE 2

2 &S A sl S8R s 44w oiyel, 24 =2¥E F

4T Foe TS TS, SEHSFAY WS Fe vEH 4oy
J%5 A== AA AT ol Aluelee

THAE AA HHol ALHE ol7gAx F4L ofyA|Rt, SHvtzF RE
o] Route management 7]%°] MEAG Ao} AT SlEHo|~2S =
7b ARG, AAZE AojmE A8 ZlsaT 24 FE = F do] of
7192 ¢ Rzt o m EAHAY. AMEL AAHNEE 34 FE AFS Route
management 7]%s°l&3 7 A&t ol7|EA FAgo wrFEojoF shH, H
A7EAY] 2Fo 2 dAT + e Adear AdHdAY. Efoleezs 4l

7 zFWeEe] Ay TAH AANY
o

o
(3
4
o
S
9
ot
o
=2
X0
2 |
a
oM,
oo
S
S

U kel melst Bastth oe
A8 Wzkd, 98 2 Egolmex azolt
e S3 : Ship control module Y Route management= 1%+ ALF7} G

)

e R2 : Communication management moduledl| A ®¢17}A}e] =ZH# AL

e Tl : Asd WALl Tradeoff 118
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Table 31 Evaluation Result of Architecture Module Design(NFR 2)

Items Evaluation Result
Module Ship control
Related NFR NFR 2. Real time course & speed control
Quality attribute Performance

Source of stimulus ISCC remote operator

- Onboard person
Refined 1 - The situation where operator/onboard person requested course or
speed change

Stimulus Input course & speed

- Send control order by communication

Refined 2 - Input control order by Platform controller

Artifact Navigational system platform

Refined 3 : i:ﬂ;l:lsication management module, Ship control module
Environment Normal condition(Remote control)

Refined 4 - Onboard control

Response Change course & speed

Response measure Minimum 0.25 sec

- Excess satisfaction : 0.1 sec
Refined 5 - Satisfaction : 0.25 sec
- Dissatisfaction : 1 sec

Related equipment Ny, Ny, Ny, Ny, Nig

Refined 6 - N, N,
Tactic Sensitivity Risk Tradeoff
Reduce i R I
computational overhead

Refined 7

. . S3 - -

Restrict communication path
- 124 -

Collection @ kmou



o
A

AARAEZ A8 = o

A el 87 FHoE A
bol Aol waydTh

1

[¢]

)

E A& (Satellite communication equipment)¢t EA1#E] =

tHem, &
T2, AN H=A

NFR 4¢] &4l
[¢)

3 7},

1

T

o

=

o}

A 47 Ao

| —

7Fe29 ZXA(Increase available resources)©]

oA E Ao WAE o] X @om E

1
)

Table 32
7
A3

]

L.

=
Communication status 7]%©|

w
=
<

CLlE

1

T

7+

2
%

1]

[e)

o

A

7] =E Y Communication statuse]

b

7+
HH
ALk

]

=

=
T

A

f

7F A3z

0]

o

]

I

NFR 4¢]

floF 2ot

o
=

O]

A

o

W 82
=

Aol we=A a7dET o

9

=

R

7h Aol

=
T

: Communication management module 1] Communication status<]

Aat, T2
|oke] Ad3 AHEl= HAA
e 54

A

s

@.O

N
No

Ay

+ Tradeoff

A

o

7hs4
pa) 1l gol o)
- 125 —

1t

2

Collection @ kmou



Table 32 Evaluation Result of Architecture Module Design(NFR 4)

Items

Evaluation Result

Module

Communication management

Related NFR

NFR 4. LTE(4G) level connectivity

Quality attribute

Performance

Source of stimulus

Environment of communication

Stimulus Degraded communication speed
Artifact Navigational system platform

- Communication management module
Refined 1 3 / .g :

- Satellite communication equipment
Environment Ship to shore Navigation system platform online
Response Change communication level

- Operation of communication status function
Refined 2 Op

- Most suitable communication connection

Response measure

Downlink speed = 100Mbps(Max)
Uplink speed = 50Mbps(Max)

Refined 3

- Excess satisfaction : Downlink speed = 200Mbps(Max)

Uplink speed = 100Mbps(Max)

- Satisfaction : Downlink speed = 100Mbps(Max)
Uplink speed = 50Mbps(Max)
- Dissatisfaction : Downlink speed = 50Mbps(Max)

Uplink speed = 10Mbps(Max)

Related equipment

Unspecified equipment

Tactic Sensitivity Risk Tradeoff
Increase
available S4, S5 R3 T2
resources
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(2) Security =& A H7}

Table 332 NFR 149 thst Algo & Hl7|5 QTARse] Arjo] QAE ubet
371 oj# 9], Aol thd AHAES s¥th. 71& NFR 14. Security standards
needed against cyber attacksellA HIQIZ7}ALS] A <&ol] thgh ek A3 A3
of tig Al WMASATE ASUE A& g FAE FAZEA v
7hARe] A 2F3 A ol § A= WA, A5 Ad 2% WE, 38
HA ¥ AR 4 eI AR 2Ho=w AU $EE 24H d¥S
AFste A 8 ofyz} ISCC Operatorel]l &ejAu, sAddde] o1
Aol el JAXE F Qlojof T} ofF|EIA A it FAdE EEI

EE IAHI, S4A#AE EEAA IFHEUEHY 2E
Bl AEH =S $4o] Fasith

e
O

1)
=
>
bt
=

H
1o
fz
e
ol

BY FAFUE N9 NOE FAE W FAHL oA, FEHUE o] 5
o ARE S5 9Rdx Ang WASAY 248 sl U o}
Brol A 919 ad Rao| that wejo] Wasith AAMEeNA FARA B
R4e] pamu} olg BAAF 3t R5E mEHolok Ak ojg el A=
2 84 dzo] AAHA FEZ B F7o] AZAAY BB Ao gF
Apgo] Wasith Ao ROkW g Edel=exrl EASAL, U

23 Mure] 543 Galotde] NS BIEAL W Bk FaMol B
1=y /\}%x} Aze wEA QTHE BN wES AAdLon, 24

sk ISCCe] Operator =& /‘4‘*94 A7 oE| o3 A At
],] AR A7t Fadith thSS NFR 149 EAEA A

Lo disf AEd U, A, Eol=ELE 840

oo lo & 1
>
e
rlo
o
mlm
E

[ ]
(@p]
(@)
_O‘L
N
N
1)
)
N
&2
rlo
i)
Ipr
>,

i
lo
e

)
o

T A PF Z2AA 1Y

«R5: AR Q1% AT AT A 2EF Fre] o go] G2 93

e T3 : o1=3} stolAz}Z 2138 AL&4 A3} Tradeoff
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Table 33 Evaluation Result of Architecture Module Design(NFR 14)

Items Evaluation Result
Module Communication management
Related NFR NFR 14. Security standards needed against cyber attacks
- NFR 14. Complete identification and restriction of unauthorized
Refined 1
access
Quality attribute Security

Source of stimulus

Unauthenticated user

- Attempt to maneuver and use or manipulation information by

Refined 2 .
unauthenticated users

Stimulus Manipulation of data or services

- Requested course or speed change
Refined 3 - Unacceptable navigation data request

- Manipulation of information
Artifact All of Navigational system platform data and services
Refined 4 - Con.lmu.mcatlon .ma.nagement module

- Navigation monitoring module
Environment Online ship to shore by Navigational system platform
Response Unmanaged data or services
Refined 5 - Notice to ISCC or Onboard person

RESpOIlSC measure

100% detection of unintended access

Related equipment

Unspecified equipment

Refined 6

- Ny, Ny

Tactic

Sensitivity

Risk

Tradeoff

Intrusion Detection
(Detecting attacks)

R4

Authenticate users
(Resisting attacks)

RS

T3

Inform actors
(React to attack)

S6

ection @ kmou

- 128 —



(3) Availability =& A4 H7}

Table 34+= FBIAIHIEHAEZ AZ2HE AH =2 Availability QAo st =&
AA Apgroltt. gsiAnle] o)A HEH HEQF ZE HALRH AFo] Hol
A dEHE F e 7T dEd AolAN, A g HFHol A E

ETE AASHA, A9

Aol F38e F g R F2HOmission) £ FE(Crash)d afdu] =HA 2
8" (No response) JeEiel™, A=2] i Ay ZE3 FegHz A
AstAdet. AAAe R FEe] olde FAsty] AT A E(Heartbeat)E
At A AR TE ZEAA 401 oANA fFraESH,

So Tyl guldA AH xohﬂ ZHE Ta AN WA A F7)

AR hAZE 7hssteiof stal, AE A 27 EHE 28402 @A #H
A 1Eelth

AARAeR Ao H7E AT el o o3 &do] a7

Follde AW dde] AHTI=E

Edolcox a4g Holsdrh
° S7: OE& ZlsA gl d&F& H433 Heartbeat S7419 AA 114 44
o S8 : FHAM &3t o), AT B g AAZ T Hae T
o R6 : AdtAn| o] HAHo] FAsE AHH|o AZ7]3 HA e Ao 97

o T4 : AN E29] o]Fs= A%k ¥]& F7} Tradeoff
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Table 34 Evaluation Result of Architecture Module Design(NFR 26)

Items Evaluation Result

Module Equipment management

NFR 26. Provides information on abnormal conditions

Related NFR (Such as device malfunction)

- NFR 26. Fault detection and recovery on malfunction of

Refined 1 navigational equipment

Quality attribute Availability

Source of stimulus Internal of Navigational system platform, Navigational equipment
Refined 2 - Navigational equipment

Stimulus Fault of navigation data

e 3| qnn o o Niin

Artifact Navigational equipment(FR 8. Equipment management)
Environment All conditions

Response Notify the appropriate party and change to secondary equipment
Response measure 1 min.

- Excess satisfaction : 30 sec (Active redundancy)
Refined 5 - Satisfaction : 1 min.
- Dissatisfaction : 5 min.

Related equipment All equipment

Refined 6 - N Ny N Ny Ny, Ny Ny, Ny, Ny Ny, Nig, Nyg. Ny
Tactic Sensitivity Risk Tradeoff
Heartbeat S7
(Fault detection)
Refined 7
Active redundancy S8 R6 T4

(Fault recovery)
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(4) Modifiability =& A H7}

Table 35&= NFR 11¢] Modifiability QAel g+ &=
HZAE F8 7so® AuEY dZ2A4 T4 ZESto] BHH
Qolnz, ggajgule] AAF FFo v BFEsE HoH AT A5
Hlo] Moy FHAGY Toll thd Frioln S AuldE REd 38
T8 H AT
o7 "X AAAEL ZAA AHLoE AHE HBRE HF3ee AGIE
shar Atk @A) HiA] ol ElA oA = HolEHlo] 27F A E A %A
, AuideE] =Eo] Fegue dlolgmo] 2~ Alolo] FAIA V%S FHIE
ol dasith AuAREY AF7IToE A FFEIHIL FHIERF
A% WA A zrEES dolEHolxd Ay A3 3
Attt st AZA2E BN wEt ACJEdels HER A
Fo Adaptorg Al &st=% of7]el Aol #Aste of . sl ul el Al e
BE Alolo] HH 2 AAHCT AdaptorE Ea thE Al ~Elo] thit IFS
astetd A F7hAQ FAoIY Aulel WA el Zhsstt. Adaptore] W73
24 3H(Localize modifications)E &3l & AlA 2 e F7P7 A ??}E?H

Al 2" ZHPEZ o] HAO|L FAo| QT HZRA U=

LT

(BT

of

T

j&

o}
e,

JR

b

3
« T WAYY AGsE AA A2

of
o
i
o
e

~
u
ﬁ>:‘
oo
ox
_>‘i
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Table 35 Evaluation Result of Architecture Module Design(NFR 11)

Items

Evaluation Result

Module

Equipment management

Related NFR

NFR 11. Standardize all equipment manufacturer interfaces

Refined 1

- NFR 11. Standardization of connection and operation of
navigational equipment

Quality attribute

Modifiability

Source of stimulus

Navigational equipment

Stimulus Interface standardization requirements
Refined 2 - Change (?f n.aV1gat10nfa11 equipment
- Add navigational equipment
Artifact Navigational system platform(FR 4. Standardization)
Refined 3 - Equi.pm.ent management module
- Navigational equipment
Environment Design and development phase
Response Make changes without affecting other function

Response measure

Must not affect other systems

Related equipment

All equipment

Refined 4 - Except /V;

Tactic Sensitivity Risk Tradeoff

Use $9 - TS
an intermediary

Localize

. - - T6
modifications
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o) A ol eH A LT Aol wheh A A AT,
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(2) Ship to ship communication
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rlo

Ship to ship 41 Wwo] Hajsic 9jgoge] AW WHHT A A= 7
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— 133 -

Collection @ kmou



@ Ll 54w

rg
ih
oX
AN
ax)

o
%
oy
i
N
ofr
N
of
>
ot

() FANZDEDE ) goleulol 74

a2 SREe] FaARe] Ao REOY AEAT BA Thido
2 q4sT, AR HE0R A% FEY Ad BAZ} dyHE AAHE F
Holeulols 24 Bal EAE AME 4 Qon, FALREAE oY

A7k A= ofof T,

galmUed mEe] taZyelst WA ol AN glou, =Y

29 Huo A% 5 zgo] ARFEZ of
oo} @}, PN ~RBAE AESY7} B
)

Al ARt 4 Ho] v, RUEPZ I 7|E

NFR 262 g7-¢} o] &sjgnige] ad 5l ol A Al, v d(Main)ol A
e gl A4 7Aool aTdH.

>
[z
=
wn
[
o
N
fru
o}
R:J
N
N
2
riet
in,
N
o
ol
==
>,
o
N
Y
I
ro

- 134 —

Collection @ kmou



532 o718 3 B LA

o}71 ez QA QFAFE ] wel GAaFA ol 29 wlx ol HAE A W AP
Aste] FfA=RFREFY] HFHA oFIHHE AASAT. Aol 2= Hl
A ob7|g A Fo FAAGL S 2o

(D Fr=AAlo]2 o}718A

FroAlol s oA Ao et Fo FAMNGE gl tE Felolth B3
AZRAEQES] AATL FAHOE A fraAol st BA L, g
bl Tig o] ob7lElA APde] BAe olme, Q1Fe] BaH g
284 e ASAZ AW SRtk f2Al L oG E G| 8T
SET e8RS dAe BRHEE, WA olrlEH g} go| FYEY
T4 REWE TR A8 faAdLE Adse AL WashA wn
AgAe] Aol e EHol FAFNCH, WAL faA0ls AA=
AT BAZANA Hek HBH op AR AUA AT FaA0) 2 o}
93 54 2 AUA Age T 2

e NFR 14¢] Atolw] Hto] thgk A
HERHF 75l it HEA4= 78

N

o A825-S Remote operator®} Shipping company % Techinician2 ISCC
userZ, Port authority®} Other ship External user® ?J_H}i}, External

user?] 7% A=A Fade) ZUE P 7M53ES +4

ob71glA g ®E A HrEd 2 FA S Wgste] AMAR FaAol =
o718l 4 = Fig. 373 2t}
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@) #A] o} ElA

ol7|glx M SFAFGAA A 3F Al o] BAste], e Al vl &
& AE7F g HeE 4 & 5 gl7] wiEel Point to point QFEIUE FSi
A A 3 e BRE wdd ¢ A=F FAHSAT. FeA " ZA T v
] obZ1E Aol g 48 D AEA AFS v 2
« NFR 2¢] ob7]gld B =& AA Z, vz S3ol s} duxE mEo
Route management 7]%< & RUEH REE o531 REHS e
2](Navigation management) 2 HA

&3l # 2] (Navigation management) &2 Route management 7] AR&

A3 ERF HEEY 74

e NFR 49] ol7|H|4 W B&E HA F, T84 R2 &S A A8 A
2] olF 3}

e NFR 19] op71dlx ¥ =5 AAS} /A 8FAIG o R HARADG A= AT
I EE3FS 2 dolguolx H&

o Y3|AH FT FBMAIZHEHFY t=EHole HEEYH FAH wE
ECDIS7] 59 &sfl#e]l RE29 o]&

e NFR 269 op7|dlx & w& AA H7} Ao ot A8 FA A, 7]
s AIE {3 FsiAnl olFst

e NFR 119 =& AA F, dafiAdv e dafidvaeg] 259 94 Adaptor
E &3 g AH AN s Ad

ol7ldl A 9 BE AA HIPEH Q7S §rdste] AAEAZ viA] o]

B 2] = Fig. 383 Zt}.
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533 FHAN=HEAE A&
ob7lEx 2 ' AA HrE T FARERAEFY 74 7l B HA
AR 2 BN =2l 2753 A FeAzEe AAde

<= Al RtFstlen, BF3IL Jhesite AAA FeA =" ESAFE

8o A4 2 WsE ey 2o

p

O
Of

(D Arlde 5 A2 F

71E Znlef Anzrel A olA Aulet SEEe AARE ko], dAA
olE ZrAWT ofy} Alqt AHl FAH} AAAHS FFAIXIH. Fig. 399 o]
E9E 5 dxZHeld HEEHE T8l AHlErtt MEAQ] &9 HXA
flo] Falign e Aol Jhsdttt AMER FAHl ool AEAY S
A olFste SZHETH AAst FHH A glo] A &o] rhsdith HolH
EY BT ol AUAFT AolEE SAEL AH Aulel Aol 5%
Adeler AEALE RUHP A28 5 AHl#EE 7 Zhes o
Equipment Equipment
5 s
Equipment Equipment
#2 #3
Equipment Equipment
i =
Equipment Equipment
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) |
Equipment - Equipment
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Fig. 39 Improve Equipment Management and Connectivity
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Fig. 40 Changes in Bridge Navigational Equipment Arrangement

— 141 -

Collection @ kmou



@) sl g Mg

Fej N =" ZANFY] 2EZE T FeRH AzAES AA B GEIY, H
2ZFHolet AEEH, AAA, FALA & TEIH Y THAA =49 7
ol A Aol A e AATEe] stedol e Agdn. dA &
NN S 7IsHAGl Y o] g Aol AAREH Adue FE7HA A
ARl WA 7} o] FoyH ok spAInt, @A AREFHF] HE A FAo]
a3k AMAY AYFAe wAsAY 7eid 2 e A% SIWe d1d)
ojetor Jhssttt. e FH AEAE olE T3l *i“i 2 A7 el
AEE 4 Ja, AHEAR] HYA Fde SIW dadel=8 Fa A&+ -

o)
22 TAHAY Agol JFsd Aol ofe} T

AzAsh AEE FANLYBAET Aol WEHoZ A ThsHIT

gulel Auizkel dlolg M B Ad UESNIA Fdo=m <l dA &
Al 22El Alol Bkl aFHth v IS NS ArolH Hko] 7
HHo® FstEngd, 47 gE Wl Hgsdy £ So= i Jd#
A BJEZE o HAAT FA 2R ENF FeFHIES Addsa, &4 F
o] HEAL 1wt AZA Adaptorel Ale]ES o] HiX|

o AdAA 2 T FA Thssit SR ES T4
Aefstar, Holguolx A it AdF< F3l SIW

Shel, AA A2Y B FAN2PEAE FHOE B

AC)

22

D)

e}

k)

-

N

ol

ftlo
i o
of
:?L_'.
o
R
2

[ —
&
do X o omm o X =

ro
fu)
olo
b
N
ofr
ol

N
(i
iy

— 142 -

Collection @ kmou



48

A6 %

TR T O W TTI TR TN do @ T o B
W Hp T g < TP R gy oo W PR = F
B oo LW oo R T PR oo o B M CI
A TR DN WL A
%}aiipma e e S o
~ N 2 w7 A W ) W oH S L m
N T W P N s T
N oE rJ Jo &, o = ° X o -
oy W - il () o o 0 — wn ol R X
e mELT RNAEY R R o namx
i O . o T M BT
ﬁmuc_e.aﬂl.ﬁwm @mﬁﬁw]%ﬂut@oﬂ ;omﬂm_omam;m
O — o — par 3o m o ~ ~
Eimoﬁﬁa%ﬂ MTWOM‘WIL_L\OI.:LOEMO OE@MWMU_/H:I
mﬁm‘xzﬁm@ﬂn@ o_e%moﬂ.ﬂ.%zlfwmwwwrxw%ﬂ
™ — ; IR~ y;o,._ —_
mllowm@o_a% %%4%#&?5% O#Lm%ww%
I = W lwm gk sr e PR X
,wuﬂo_ﬂ%ﬁmﬁ ﬂﬁﬂamoﬂ@ Hp o %Wo_eﬂ
oA R ﬁwmﬁaﬁﬂuﬂ%%% TR R
of T W oW o - Al = & o Jowy o — o o W
T do W ogo Pnoi B R s S ®Twm ° o 4E
T oo W M E o Kz "R M BN Fhx E
I B e SR S Jlj%blﬂ,_ﬂl_n%c_ax@]%wﬂuo
oﬂaaﬂﬂ;oﬁ_ﬂmﬂ% ,mamaaaﬂnmg%b_o@uawﬂaﬂ%_@
HMMWW%M_:_EE.F _nmoﬂ/u@lu_um_/u_/ﬂﬂﬂ/u%,_ﬁ&rogwﬂ
O ) T |
%M%%ME% tg%M&%%%%ﬂ?Wﬂﬂ
N O el ¥ wp o K — 5 .
ﬂM#ﬂMi% A T I B
™ o oo T M oMo Aoy o o %
NN LB R I A I
o = = = o R - o e
T o mH o W.L B d.; B T T w B m@ K i X iy + o W
o o T B X T o T o X T % wwﬂ o W
W W om W o ob T — T % o ok X o R
TR ®eP A g w2 Ty - Ty
B e A - M I N A R S 0
o o 3 7 B e Ay W o o oF oy oF
F M oHoar oW oS WD TR T T W m

_q]

=
=

FaL 1oy, ARg-A

< H8a7F 74 AN
- 143 -

1=
=

IR E=

9]

o]'
Collection @ kmou



G AR ZAE o7 EA AT $7 AEHE SIW obFIElA A o]
2 F, ol aAA FA4o EFAEA I5(QAW; Quality Attribute Workshop)
I} olF|HlA Egolz=ex EAZ]WH(ATAM; Architecture Tradeoff Analysis
Method)-& %o}ﬁiﬁ‘r Q W= o718 s 93 a7 ARREH AL
ATAM=L- 7§ of7]E) H7rA A TR om, Aol A&d
A3 =28 WE&2 =3 2o

Mg FHEFY s A

e Sl oA e AT B Vs aTAR S EESAT. WA,

_
_.:
Lo

Ag
Ll
f
2
o
re
-
N2
N
iy
oift
o
oot
>
>,
T
ML

AzEl AR sz GRS AR 5718, BF dde, EYD P2
A3 YraEdolst AESA) FAF Bl AEHAT. /1E A FAEY
2 z A7, gAY}, B2} 5,

B4 2 dA " EREFe %—’F 7L

el Al 2 E‘%%i«l ARS8 75 8T AN BI7s QAR A
= Aol 875 Aol Wyt
71 A3l 81| Hubgd Aol v 7 Eof ols|HAAT FHste] 327) H
71 87AS =&Y e P Aoz dHide] a3k niyle
LA S FaEe T gt e o 127 T8 Ii@ﬁ“(QA
Quality attribute)e. & Aottt b0 &, A 2BEHAE of7|E Ao F
8 QAEY #HHE FaAnI =9 oy A4, 75, #d FdFol o
g ARE AFTE 7 UEE 4 EREE F=3E3T QAWE
At Fef A 2R FHE 9 75 L TFAEH HIYs L FAS Al AR A
oJatglon, olsAAA I+ HelE Tl FAH AAE =&

58
®

QAW ZAF}s} s Ay Z=as =8 QAo Hrygste] A~
g3 ZES AASIAT o71E8x EE AAAC= F3lAl
RE ASS F£X¢ Ao AN ofF|dx A A

— 144 -

Collection @ kmou



Aok 74 mE aTAES Hesd oA

w2 7 ol eA S st

[>
o
(i

L

s

o FrAol Fot

G =EFHF oH71EA o Brk= QAWSE FdstA 82 HF7HATE o
ate] ATAM Aztell wret AAlstdch B7ke] o2 QAWeA =&d 7%
QTFAEES] eSS Aot BE AAA, FA=REAFY] FAolx
Fob wiA F oobrlE Ao, O Adrt fHeE Ede 4" 2E AAA
g oopEg A e TFAR R AAFNT. FEEE Ay 23d I
Al FE3 AE=, ATAM HAgolA Fojakse] W8S HS B&stA ols)st
T BARE A 2ARZ o] & HUTh ATAMS T3 of7|Elx oA LAy
T e EAACY AP _LE Fofstr] A AuE et AA Hadwe ¥
Zbetdon, MRS A8d HAFTAA AN ="RZHF oA AL

4
Atk FEEHF ThssThE AACNA ALE IS TAEF A g B o

2

Aotk A& et 54 gzt aTHA wm, AR
?1%‘ ?‘ % 7]‘?_.9_§ Hé,%zﬂq_] 51_1:-12134. Xﬂ%% 0,3756‘]-0:] /\]_‘g_@_ 5’: 9\;11:]' 71:-:1

— 145 —

Collection @ kmou



Aol L o7t dnk SIW

1

k<)
u

b

[

He AN

s

1
|

J

g

|

d o

%
&

PN
=

g 7]

s

AX el g Holeuo]2 7] A2 Al
7N

=

=

]

L
-
A

g %

AlA

Ta

0

o

¥

A

= e gAA

t AgA BHY 277} W

o] o]sj

=
=

32474 2

9

o

al7

7Hte]

| EdFo=2 T4

&1, o7 Elx HrloE ALE

Fods

tol, ob71d A&

i &A 2L7F AA 2 ol

=3 A2 S/IW o7|dx AA o]
o

ATolA AQkdE T

AR ddHE °

9|

TA A AR
ot
Zo| NALALAE HAE

3}17]

i

%0
o

o wEkM A

}

9
yul

o] IA FFEBFFOIOF 3

3z

EAF

€]

)

AR A7 2o Aot

= AAF 7

H

Ft},

Al o] Fo} A of

1
=

<

T oA AL

B/

— 146 —

Collection @ kmou



[3] A4S, 2015. A28 HEZ 7 X/ALF [Online] Available at:
http://contents.kocw.or.kr/KOCW/document/2015/chungbuk/kimsanguk1/4.pdf
[Accessed 20 December 2019].

AHER AEA o7IgA He A

o

[4] 7<), 2012. o}719x H<& A4 7|89
8 7Y, FHHAG =R LT EY S &£ 39(9), pp.703-713.

[5] ZAAY A=, 4, e, 2718, 983 2005, vAE Auks 93k b F
A3t HESH A A 2 7. =7 HZE/ 5 =FF, 96), pp.1202-1210.

(6] AT, A8, o|AA, 2015. £AEH o7|dA e mHS o] &3 &
ZESgo] opEX AA W, FEHE =2, 42(3), pp.341-360.

17 mage A% 2TAE 3

ZEgJo] & §-&, 33D, pp.58-69.

Do
(=)
(=)
(@p]

(o3
—
N
)

[7] AR, L4, A&, 28,
F3t 71N, JE A3 =R 4

[8] t-¢-=A13l<F, 2018. &t 7/uFe] ~AnlE F(Smart ship) ZZHE
[Online] (Updated 19 December 2018) Available at:
https://www.slideshare.net/n_cloudplatform/smart-ship-naver-cloud-platform-i
ndustry-day-126265716 [Accessed 20 December 20191

9] M9, PG, £BE, PS5, olF¢, FIh, 2011 Auke] TiAY el o]
2 ZFst A9 2 Asxd B giekE s =5, 48(6), pp.490-500.

[10] A ZF, 2017. 53¢ =rFE A/S [Online] (Updated 10 January

2018) Available at: https://www.youtube.com/watch?v=fAXz_hhpb0s
[Accessed 20 December 2019].

— 147 -

Collection @ kmou



[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

A9z, 2016. 2ZZHZ(Open platform)e] 7] 2 At [Onlinel
(Updated 7 January 2016) Available at:
https://www.slideshare.net/youngjoseong/open-platform-56776348 [Accessed
20 December 2019].

AZE o FSHAE, 2011. SW o7 g% &4 XF - YFFH o= FHet
of7]E] % XA =8 XF Software Architecture Design Guideline

Architectural design guidelines for approaching in practice, 7 X514+

AEY A 2EEG o] FIAE,

o4, AAW, BAY, oY, vz, 013 A FF WEYA F=
35 . F7EL B ==/, 38(3), pp.247-253.

o5, 2019, FLEY Y2y, Fxvvo].

old, olEif, o14H, 2010. CANS 7oz ah= vt dxl ) =UEY
N8l Ao 22 ~E8)5 201065 ICROS 84t g =27, pp.705-709,

o|HF, 2019. FFLIPYY £F A Hlof AT 7 WA =R
g aE s

olzd, 7144, 2018. &% VA= ol &3 MEE AeFH ZHF N

i oFREE RS 818 =, 26(4), pp.449-456.

AAE, AFE, HAA, 2018 2vtE AE-EFAUMASS)S FEZAE

e SaF o] ees] 20189 % 817 3E 8= i2], pp.442-445.

A, A, Wag, 2005 of7EAH RAH S 9% FaA 0l ZHke
W, St g H A8} Sz EEe=FF, pp.370-372.

A3 g, APE, 9, 2019. HF T Mute] 823 7 NEEI

Ao ZRA =5 8}3] =5, 25(1), pp.76-87.

=43, dgv], AAE, 2014, &S 1EF 77 AAFAAA &

F4%54
s o} olF|eA AA. FFPFPFE FLuES], pp.I20-T23,

Collection @ kmou



[22] =

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

L2019, A=Y B2 o]&E AELFUYL SE U 1
DAY IYAG TG FE WS AE AT AAIAEE

r=3f) o St

2

a4 YA T4, 2011 AYYE w2 &L 227 #4 Analysis
on Risks Faced by Shipping Business from Excessive Shipping Capacity,
StUE 1% stHesdId T4

stAA, 2007. O/ X E HEE floF B o] P A4 YEHZ A2H H
A B o] #3F F7 BASH = A Adista

YA, 2003. AFHE 24F wF el Hupe Hdw HA 2 F
of #et ¢ MALSS =R, Al @3] Fu)staL

A, A, b5, 20130 A G ZHENAH ] TS FHE 71AA
g, 53(11), pp.48-53.

A AASAATY, 2013, = - IT §87)« F8 &3 Standardization
Activities for Ship - IT Convergence Technology, ¥t= A& T
FFHREANNEHI, 011 FIEEYEYZY T IEES B
THRFA 7= 3.

ATYRFA &S, 2018, FFLFIY Y FF 24, B AR
HEA7=4d 3.

AR FFANLY, 2016, Pk e AL E FHE Gyl
Study on the Policy for Enlargement Application of Eco-friendly
Technology for Korean Ships, F-4F: $t=r3) oF 47
Skl b Ed, 2018, &2 B =9 HE gisFH B A7 A
Study on the Policy Directions related to the Introduction of Maritime
Autonomous Surface Ship(MASS), F-4t: 3+=3] =4k,

A F3A, 2016. B 5ojE FEF ~rnfEL 2295 = 7] 5F [Onlinel
(Updated 25 May 2016) Available at: https://news.joins.com/article/20075674

— 149 -

Collection @ kmou



[Accessed 20 December 2019].

[33] Alan, A., 1993. Software Requirements: Objects, Functions, and States.
2nd Ed. PTR Prentice Hall

[34] Artur, Z. et al, 2018. Survey on Communication and Networks for
Autonomous Marine Systems. Journal of Intelligent & Robotic Systems,
95(3-4), pp789-813.

[35] Asle, S., 2018. The first ever zero emission, autonomous ship [Online]
(Updated 14 March 2018) Available at:
https://www.yara.com/knowledge-grows/game-changer-for-the-environment/
[Accessed 20 December 2019].

[36] Bass, L., Clements, P. & Kazman, R., 2013. Software Architecture in
Practice. 3rd Ed. Acorn publishing.

[37] Clements, P., Kazman, R. & Klein, M., 2002. Evaluating Software

Architectures: Methods and Case studies. 1st Ed. Pearson Education.

[38] Clements, P. et al., 2010. Documenting Software Architectures: Views and

Beyond 2nd Ed. Pearson Education.

[39] DNV-GL, 2015. The ReVolt, A new inspirational ship concept [Online]
Available at: https://www.dnvgl.com/technology-innovation/revolt/index.html
[Accessed 20 December 2019].

[40] Duru, O., 2010. Theory of shipping productivity revisited : Industrial
revolution, ship technology and shipping freight rates. Proceedings of
The Japanese Society for the History of Economic Thought Conference,
pp.167-172.

[41] Ehsan, A., Marzieh, B. & Fatemeh, A., 2011. Analysis of Quality Driven
Software Architecture. Proceedings of International Conference on

Innovative Computing Technology(NCT) 2011, pp.1-14.

- 150 —

Collection @ kmou



[42] Frank, B., Regine, M. & Hans R., 1996. Pattern-Oriented Software

[43]

[44]

[45]

[46]

[46]

[47]

[48]

Architecture, Volume 1: A System of Patterns. 1st Ed. John Wiley &
Sons.

Im, LK., Shin, D.R. & Jeong, JP., 2018. Components for Smart
Autonomous Ship  Architecture Based on Intelligent Information
Technology. Proceedings of The 15th International Conference on Mobile
Systems and Pervasive Computing(MobiSPC 2018), Elsevier, Procedia
Computer Science, Volume 134, pp.91-98.

JSMEA, 2018. Maritime Industry Revolution Through Big Data & IoT
Technology-Smart Ship Application Platform [Online] Available at:
https://www.jsmea.or.jp/ssap/ [Accessed 20 December 2019].

Jeon, D.K. and Lee, Y.W., 2014. A Ship Area Network with WiMedia
Wireless Gateway Applying a Cooperative Transmission. Journal of
Contemporary Engineering Sciences, Vol. 7, no. 23, pp.1235-1243.

Leffingwell, D., 1997. Calculating Your Return on Investment from More
Effective Requirements Management [Online] Available at:

http://www.rational.com/products/whitepapers [Accessed 20 December
2019].

MTI, 2017. Digitalization in Shipping [Online] Available at:
https://www.slideshare.net/MTI_Japan/digitalization-in-shipping-current-statu
s-and-way-forward [Accessed 20 December 2019].

Marko, H., 2019. Connectivity manager: Ensuring robust connections for
autonomous ships. Proceedings of International Conference on Intelligent

Autonomous Systems, Singapore.

Marko, H., Huusko, J., Kiviranta, M., Solberg, K. & Rokka, J., 2017.

Connectivity for autonomous ships: Architecture, use cases, and research

- 151 —

Collection @ kmou



challenges. Proceedings of 2017 International Conference on Information

and Communication Technology Convergence(ICTC), Jeju, pp.345-350.

[49] Michelle, F., 2014. Samsung Smart Home platform brings connected home
under one app s roof [Online] (Updated 5 January 2014) Available at:
https://www.techRADAR.com/nz/news/phone-and-communications/mobile-ph
ones/samsung-smart-home-platform-brings-the-connected-home-under-one
-app-s-roof-1212140 [Accessed 20 December 2019].

[50] Mike, S., 2018. Fully-Autonomous Ferry Demonstrated in Northern Europe
[Online] (Updated 3 December 2018) Available at:
https://gcaptain.com/another-fully-autonomous-ferry-demonstrated-in-north

ern-europe/ [Accessed 20 December 2019].

[51] MUNIN, 2016. MUNIN(Maritime Unmanned Navigation through Intelligence
in Networks)’ s Methodology [Online] Available at:
http://www.unmanned-ship.org [Accessed 20 December 2019].

[52] Rolls-Royce, 2018. Rolls-Royce and Finferries demonstrate world’ s first
Fully Autonomous Ferry [Online] (Updated 3 December 2018) Available at:
https://www.rolls-royce.com/media/press-releases/2018/03-12-2018-rr-and-fi
nferries-demonstrate-worlds-first-fully-autonomous-ferry.aspx [Accessed 20
December 2019].

[53] Schwab, K., 2016. The Fourth Industrial Revolution: what it means, how
to respond [Online] Available at:
https://www.weforum.org/about/the-fourth-industrial-revolution-by-klaus-sc
hwab [Accessed 20 December 2019].

[54] Yara International, 2018. 7he first ever zero emission, autonomous Ship
[Online] (Updated 14 March 2018) Available at:
https://www.yara.com/knowledge-grows/game-changer-for-the-environment/
[Accessed 20 December 2019].

- 152 -

Collection @ kmou



	제1장  서  론
	1.1 연구 배경 
	1.2 연구 목적 및 범위 
	1.3 연구 방법 및 구성 

	제2장  기술동향 및 관련연구
	2.1 자율운항선박 기술동향 및 관련연구 
	2.1.1 국제해사기구 동향 
	2.1.2 국제적 개발동향 
	2.1.3 자율운항선박 관련연구 

	2.2 선박 플랫폼 기술 및 항해장비 동향 
	2.2.1 선박 플랫폼 개발동향 
	2.2.2 선박 항해장비 동향 

	2.3 자율운항선박 플랫폼 
	2.3.1 플랫폼 기술 
	2.3.2 자율운항선박 플랫폼 요구기능 

	제 3 장  항해시스템플랫폼 기능 정의 
	3.1 항해시스템플랫폼 개발절차 
	3.1.1 플랫폼 개발범위 
	3.1.2 개발방법 및 절차 

	3.2 항해시스템 개선요소 
	3.2.1 항해시스템 구성 
	3.2.2 시스템적 특징 
	3.2.3 개선요소 도출 

	3.3 항해시스템플랫폼 기능 
	3.3.1 항해시스템플랫폼의 차별성 
	3.3.2 항해시스템플랫폼 핵심기능 

	제 4 장  항해시스템플랫폼 모듈 설계
	4.1 이해관계자 QA 분석 
	4.1.1 이해관계자 구성 
	4.1.2 기능 요구사항과 비기능 요구사항 
	4.1.3 개발 제약사항 
	4.1.4 이해관계자 QA 

	4.2 항해장비 및 업무 분석 
	4.2.1 주요 항해장비 
	4.2.2 항해업무와 관련정보 
	4.2.3 항해장비 및 업무정보 코드화 

	4.3 아키텍처 모듈 설계 
	4.3.1 아키텍처 모듈 설계요소 
	4.3.2 QA 기반 모듈 설계 

	제 5 장  항해시스템플랫폼 아키텍처 개발 및 평가
	5.1 항해시스템플랫폼 아키텍처 개발 
	5.1.1 아키텍처 패턴 
	5.1.2 유스케이스 아키텍처 
	5.1.3 배치 아키텍처 

	5.2 ATAM 아키텍처 평가 
	5.2.1 ATAM 평가계획 
	5.2.2 유틸리티 트리 
	5.2.3 아키텍처 및 모듈 설계 평가 

	5.3 평가 반영 및 항해시스템플랫폼 적용 
	5.3.1 아키텍처 개선 요구사항 
	5.3.2 아키텍처 수정 및 재설계 
	5.3.3 항해시스템플랫폼 적용 


	제6장  결  론 


<startpage>18
제1장  서  론 1
  1.1 연구 배경  1
  1.2 연구 목적 및 범위  5
  1.3 연구 방법 및 구성  6
제2장  기술동향 및 관련연구 9
  2.1 자율운항선박 기술동향 및 관련연구  9
   2.1.1 국제해사기구 동향  9
   2.1.2 국제적 개발동향  11
   2.1.3 자율운항선박 관련연구  15
  2.2 선박 플랫폼 기술 및 항해장비 동향  20
   2.2.1 선박 플랫폼 개발동향  20
   2.2.2 선박 항해장비 동향  26
  2.3 자율운항선박 플랫폼  29
   2.3.1 플랫폼 기술  29
   2.3.2 자율운항선박 플랫폼 요구기능  32
  제 3 장  항해시스템플랫폼 기능 정의  33
  3.1 항해시스템플랫폼 개발절차  33
   3.1.1 플랫폼 개발범위  33
   3.1.2 개발방법 및 절차  35
  3.2 항해시스템 개선요소  39
   3.2.1 항해시스템 구성  39
   3.2.2 시스템적 특징  46
   3.2.3 개선요소 도출  48
  3.3 항해시스템플랫폼 기능  52
   3.3.1 항해시스템플랫폼의 차별성  52
   3.3.2 항해시스템플랫폼 핵심기능  53
  제 4 장  항해시스템플랫폼 모듈 설계 55
  4.1 이해관계자 QA 분석  55
   4.1.1 이해관계자 구성  56
   4.1.2 기능 요구사항과 비기능 요구사항  58
   4.1.3 개발 제약사항  66
   4.1.4 이해관계자 QA  68
  4.2 항해장비 및 업무 분석  72
   4.2.1 주요 항해장비  72
   4.2.2 항해업무와 관련정보  81
   4.2.3 항해장비 및 업무정보 코드화  86
  4.3 아키텍처 모듈 설계  89
   4.3.1 아키텍처 모듈 설계요소  90
   4.3.2 QA 기반 모듈 설계  93
  제 5 장  항해시스템플랫폼 아키텍처 개발 및 평가 105
  5.1 항해시스템플랫폼 아키텍처 개발  105
   5.1.1 아키텍처 패턴  105
   5.1.2 유스케이스 아키텍처  107
   5.1.3 배치 아키텍처  110
  5.2 ATAM 아키텍처 평가  113
   5.2.1 ATAM 평가계획  113
   5.2.2 유틸리티 트리  117
   5.2.3 아키텍처 및 모듈 설계 평가  120
  5.3 평가 반영 및 항해시스템플랫폼 적용  133
   5.3.1 아키텍처 개선 요구사항  133
   5.3.2 아키텍처 수정 및 재설계  135
   5.3.3 항해시스템플랫폼 적용  139
제6장  결  론  143
</body>

